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by using the bar, which assists in forming larger crystal domain size. The coated 2,7-
Dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) layers are highly crystalline
films with a thickness of a few monolayers and single crystal domains can achieve
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Scale by Bar Coating Method” for your kind consideration for publication in Journal of
Visualized Experiments (JOVE).

High-quality organic semiconductor layers are critical for achieving high-
performance organic transistors. Other than the quality of the active layer, the
compatibility of the fabrication method for mass production and low fabrication cost are
also important investigation directions. In the current study, a solution processed bar
coating method is investigated for its availability in depositing small molecule organic
crystals by a homemade experimental setup. The bar coating approach shows advantages
of saving materials, suitability for large-scale deposition, and availability to guide the
crystal orientations of the deposited organic layers. It also has particular advantages over
other shearing methods that the confinement of solution is low near the meniscus area by
using the bar, which assists in forming larger crystal domain size. The coated 2,7-
Dioctyl[1]benzothieno[3,2-b][ 1 ]benzothiophene (C8-BTBT) layers are highly crystalline
films with a thickness of a few monolayers and single crystal domains can achieve
millimeter-scale with uniform orientations. The structural and electrical properties of the
C8-BTBT layers are studied by atomic force microscopy (AFM), polarized microscopy,
X-ray diffraction (XRD) and electronic measurements. The bar coating method can be
further developed into manufacturing platform to deposit high-performance organic
crystals for industrial applications. Our investigation about the bar coating deposition
method provides the fundamental knowledge to fabricate high performance organic field
effect transistors over a large area.

Thanks for your review and consideration.

Sincerely,

h

Paddy K. L. Chan

Assistant Professor
Mechanical Engineering

The University of Hong Kong



Manuscript

O 00 N O L b WN B

A D D W WWWWWWWWWNNNNNNNNNNRRRRPRRRRRRR
N R O OO NOOUDNWNROWOVOWNOOUDSEWNROWLOWOWNOOOWMUEDWNIERO

Click here to download Manuscript 56306_R0_032817.docx

TITLE:
Deposition of Organic Crystals in Large Scale by Bar Coating Method

AUTHORS & AFFILIATIONS:

Zhichao Zhang, Paddy K. L. Chan

Department of Mechanical Engineering, The University of Hong Kong, Pok Fu Lam
Road, Hong Kong

E-mail: pklc@hku.hk
Tel: (852)-3917-2634

KEYWORDS:
Organic semiconductor, solution process, single crystal, bar coating, large area, field-
effect transistor

SHORT ABSTRACT:

A low-cost solution shearing method, bar coating, is used to deposit highly
crystallized and uniformly oriented organic crystals with a domain size on the
millimeter scale. The organic semiconductor films show very good performance as
active layers in organic field-effect transistors (OFETs).

LONG ABSTRACT:

High-quality organic semiconductor layers are critical for achieving high-performance
organic transistors. Other than the quality of the active layer, the compatibility of the
fabrication method for mass production and low fabrication cost are also important
research directions. In the current study, a solution processed bar coating method is
investigated for its ability to deposit small molecule organic crystals by a homemade
experimental setup. The bar coating approach shows advantages in saving material
usage, suitability for large-scale deposition, and the ability to guide the crystal
orientations of the deposited organic layers. It also has particular advantages over
other shearing methods such as the low confinement of solution near the meniscus
area by using the bar, which assists in forming a larger crystal domain size. The
coated 2,7-dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) layers are
highly crystalline films with a thickness of a few monolayers and single crystal
domains can achieve millimeter-scales with uniform orientations. The structural and
electrical properties of the C8-BTBT layers are studied by atomic force microscopy
(AFM), polarized microscopy, X-ray diffraction (XRD) and electronic measurements.
The bar coating method can be further developed into manufacturing platform to
deposit high-performance organic crystals for industrial applications.

INTRODUCTION:
Organic electronics have rapidly developed in the last decade. As an essential layer
of these devices, the properties of the organic semiconductor active layers have
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experienced significant improvements due to the emergence of novel deposition
technologies and a better understanding of their molecular structures. High
mobility organic crystals have been achieved by a variety of low-cost solution
methods including inkjet printing®, spin coating®, droplet pinning’ and blade
shearing®® etc. Among these solution processes, shearing methods have great
potential for applications in industrial manufacturing because only small amounts of
materials are needed for deposition. Besides, the fast deposition rate and the
compatibility with roll-to-roll processes for large area deposition are also the
advantages of the solution shearing approach. The guided meniscus line in the
solution shearing can attain good uniformity and regulate the orientations of the
deposited crystals®!!, Compared with other shearing methods, bar coating has less
confinement for the solutions near the meniscus line, which favors the crystal
deposition!?. Previously bar coating has been used to deposit a smooth and uniform
layer of polymer or oxide dielectrics, but the deposited layers are usually in an
amorphous form®-17, Here, we optimized the deposition parameters and modified
the meniscus of this method to deposit small molecule organic crystals with good
crystallinity and aligned orientations.

As a representative small molecule semiconductor, 2,7-dioctyl[1]benzothieno(3,2-
b][1]benzothiophene (C8-BTBT) has attracted worldwide investigations because of
its high intrinsic mobility and good solubility in organic solvents*®1°, The unit cell of
C8-BTBT single crystal is monoclinic with herringbone-packed in-plane structure, and
the self-assemble of this material can be easily achieved from solutions or vapor
phase. Here, we use the bar coating method to deposit highly crystallized C8-BTBT
thin layers with large domain size and guided orientations from solutions.

PROTOCOL:

1. Substrate Cleaning and Self-Assembled Monolayer (SAM) Treatment

1.1. Put the pre-cut silicon substrates (1.5 cm x 2 cm) with 300 nm silicon dioxide
(Si0,) into a glass beaker with substrate holders and clean by ultra-sonication in

detergent solution, DI water, acetone and 2-propanol separately for 10 min each.

1.2. Heat up the substrates in 2-propanol on a 200 °C hot plate for around 10 min
until the solvent boils. Then dry the substrates with nitrogen gas.

1.3. Put the substrates into oxygen plasma for one h.

1.4. Immediately immerse the cleaned substrates into the phenyl trichlorosilane
(PTS) solution (0.2 %wt in toluene), and seal the glass vial.

1.5. Put the vial onto a 90 °C hot plate for 1.5 h.
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1.6. Wait for 0.5 h until the vial cools down, take out the samples and clean in
chloroform and 2-propanol by sonication for two times (5 min each time). Then blow
dry with nitrogen gas.

2. Organic Crystal Deposition by Bar Coating Method

2.1. Treatment of metal bar surface

2.1.1. Clean the steel bar with a smooth surface by the similar procedure asin 1.1-
1.3.

2.1.2. Immerse the barinto 1H,1H,2H,2H-perfluorooctanephosphonic acid (PFPA)
solution (1 mM in 2-propanol) at 70 °C overnight in ambient air.

Note: The PFPA with fluorine atoms as terminal groups can reduce the surface
energy and adhesion force for organic molecules, thus reduce the organic residues

on the bar during shearing.

2.1.3. Clean with 2-propanol by sonication for 10 min. Then dry it with 99.99%
pure nitrogen gas.

2.2. Growth of C8-BTBT crystals
2.2.1. Prepare organic semiconductor solution by dissolving 5 mg C8-BTBT into 0.5
mL m-xylene solvent.

2.2.2. Turn on the Peltier heater to preheat the metal stage to 60 °C.

2.2.3. Stick the substrates onto the metal stage and wait for around 5 min until the
surface temperatures reach equilibrium.

2.2.4. Tune the height of the bar to the 70 um higher than the substrate surface.

2.2.5. Drop 18 pulL of C8-BTBT solution into the gap between the bar and substrate.
The solution will be pinned between the bar and substrate by capillary force.

2.2.6. Move the bottom stage horizontally towards certain direction at a constant
speed 200 um/s by a movement controller.

2.2.7. Collect the samples after shearing. Put them into the vacuum chamber for
more than 5 h to get rid of the residual solvents.

Note: The experiment can be paused here.
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3. Organic Field-Effect Transistors (OFETs) Fabrication
3.1. Put the Si/SiO; substrate with coated crystals into the evaporation chamber.

3.2. Pump down the system to a vacuum of 2 x 10 Torr and then deposit the charge
injection layer 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ) at 1
A/s to 3 nm and silver (Ag) electrode at 0.2 A/s to 50 nm through the same shadow
mask with patterns.

Note: The F4-TCNQ layer can help the injection of charge carriers?® and work as a
buffer layer to reduce the damage of organic semiconductors during metal
deposition, the slow rate of Ag deposition can also reduce the damage of crystals. All
these parameters help to minimize the contact resistances.

4. Characterizations

4.1. Polarized microscopy

4.1.1. View the crystals under a polarized microscope with a rotation stage. The
crystal size and crystallinity can be indicated.

4.2. Atomic-force microscopy (AFM)
4.2.1. Measure the thickness and surface morphology by AFM system with tapping
mode.

Note: For thickness measurement, the crystals are scratched by a sharp needle, the
substrate surface is exposed after scratching, and the height difference can be
measured.

4.3. X-ray diffraction (XRD)

4.3.1. Putthe crystals into the XRD system (with the highest power of 9 kW) and
guantify the lattice structure and crystal orientation by using out-of-plane and in-
plane XRD mode.

4.3.2. For the out-of-plane test, use 28/w mode.

4.3.3. Forthein-plane test, use 28/x mode and set the incident angle of X-ray to
be 0.15°. Place the sample parallel or perpendicular with the incident X-ray.

4.4. Electronic measurement of OFETs

4.4.1. Putthe fabricated OFET devices into the glove box, connect the source
electrode to ground, the drain and gate electrodes with two channels of a source
meter.

4.4.2. Scan the transfer curves by fixing the Vps to -80 V and Vg is set from 20 V to -
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80 V. Plot the output curve by scanning the Vps from 0 to -80 V under a constant Ve.

REPRESENTATIVE RESULTS:
The homemade setup for bar coating deposition is illustrated in Figure 1, which
consists a lift stage, a smooth bar, a metal stage, a Peltier temperature controller
and a translation stage. The stage can tune the height of the bar and change the gap
between the bar and substrate. The metal stage was used for temperature test and
the feedback was transmitted to a temperature controller. The temperature
controller can control the power supply for Peltier heater and adjust the deposition
temperature. The translation stage was controlled by an electronic movement
controller. When C8-BTBT solution is dropped into the gap, and the substrate begins
to move, the organic crystals will be deposited at the air-liquid-solid three phase
contact line. Large size crystals will be grown along the shearing direction as
indicated in Figure 2. The length of the crystals can be up to centimeter scale, and
the width of the single domain can reach a few millimeters. After rotating the
samples by 45°, the bright regions will become totally dark under POM, which
indicates uniform crystallinity of the deposited crystals. The surface morphology and
the thickness of the deposited layers are measured by AFM and the results are
shown in Figure 3. It can be indicated from the morphology image of area 10 um by
10 um that a very smooth crystal surface was formed, and the root-mean-square
(RMS) roughness is only 0.24 nm, quite comparable with underneath SiO». The
thickness of the film is around 24 nm, i.e. eight monolayers of C8-BTBT. The
crystallinity and lattice structure is further characterized by X-ray diffraction. Layer-
by-layer growth of C8-BTBT is observed in coated crystals due to the multiple (00/)
peaks in out-of-plane results as shown in Figure 4A. For in-plane XRD test, when the
sample was put in the way as the schematic in Figure 4B, only (020) peak can be
clearly observed, which indicates that the b-axis is dominated in the shearing
direction. When the sample rotates, the intensity of (020) becomes much smaller,
and other peaks begin to form. (200) Peak shows its highest value when the sample
rotates 90°. Those in-plane results clearly indicate a good crystallization with uniform
orientations of the formed crystals and the lattice constants are calculated to be a =
5.925 A, b=7.905 A and ¢ = 29.1 A (comparable with the values of bulk single
crystals'®). The uniform orientation and good coverage of crystals on substrate
surface also induce a very good performance and uniformity of OFETs. The OFET
device structure is presented In Figure 5A, a charge injection layer F4-TCNQ was
introduced to reduce the contact resistance, and a clear linear region can be
observed in the output curve (Figure 5B). The field-effect mobility is calculated using
transfer curve in Figure 5C in saturation regime by the equation:

2LIng
WC;(Ve — Ven)?
Where L and W are channel length (250 pum) and width (500 um) respectively. Ips is
the on current value at certain Vs; Cirepresents the capacitance of the dielectric

u=
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layer (300 nm SiO;) and V4 is the threshold voltage. The mobility of the OFETs can
reach as high as ten cm?V-1s'? with the averaged value of 8.7 cm?V-1sl. These
mobility values are comparable with the devices based on single-crystallized C8-
BTBT%.

Figure 1. Experimental setup of bar coating method for organic crystals deposition.

Figure 2. POM images of deposited C8-BTBT crystals.
Crystals are grown along the shearing direction. The sample in right figure is the
same region as in left figure after rotating by 45°.

Figure 3. Surface morphology and thickness measurement by AFM.
The upper figure shows the smooth surface of deposited C8-BTBT crystals. The lower
figures are the thickness of the coated crystal layer.

Figure 4. X-ray diffraction patterns of deposited C8-BTBT crystal.

The schematics of XRD test is indicated above the line graphs. (A) Out-of-plane
measurement for a layer-by-layer growth of C8-BTBT. (B) and (C) are in-plane XRD
measurements, by changing the position of the sample, different peaks can be
observed, which indicate good crystallinity and orientations of the crystals.

Figure 5. Electronic measurement of OFETSs.
(A) The device structure of field-effect transistors, W/L = 2. (B) Output curves. (C)
Transfer curve and leakage current.

DISCUSSION:

The quality of crystals deposited by the bar coating method depends on some
important processing factors. Suitable surface energy and roughness of the
substrates are the primary requests. The surface energy should be high enough to
wet the solution and a smooth surface with fewer defects is always favorable for a
large and continuous crystal layer deposition. Also, a smooth surface with fewer
charge traps can favors the performance of the electronic devices. Here we treated
the smooth SiO3 surface with PTS monolayer as reported in other literatures®?22,

During the shearing process, the deposition of the organic semiconductor is
dominated by evaporation of solvent and supersaturation of organic semiconductors
at the end of the meniscus (three phase contact line). Parameters including
substrate temperature, shearing speed and the properties of solvent should all
influence the crystals deposition. Higher temperature can help the solutions to reach
supersaturation regimes and enhance the deposition rate/shearing speed. But if the
temperature is too high, cracks may form inside crystals due to the differences in
coefficients of thermal expansion (CTE) of the substrate and semiconductors. 60 °C is
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found to be suitable for our case to deposit a continuous layer without cracks. As
another important parameter, the shearing speed can influence the amount of
deposited semiconductor and the thickness of the semiconductor. Higher shearing
speed will induce thinner layer (the speeds we used in current work are still inside
the evaporation regime, which means we do not need to consider the elongation of
meniscus due to the viscous force and the increase of thickness with speed in
Landau-Levich regime?3). Reduction of the layer thickness was found to have better
performance of bottom gate top contact OFETs, and it is attributed to decrease of
the accessary resistance between the electrode and conductive channel®. However,
if the shearing speed is too high, voids would begin to form and the coverage of
organic semiconductors drops. An optimized shearing speed of 200 um/s was
applied in this study. At last, the boiling point, volatility, surface tension and
molecular weight!! of solvent will also determine the deposition, since they are not
within the scope of this manuscript, we just focus on the m-xylene as a solvent.
Other physical parameters like the volume of the solvent should also affect the
crystals. In our experiments, it was found that very small amount of solution
dropped into the gap may reduce the meniscus area, thus reduce the amount of
semiconductors deposited and form voids inside the crystals. The change of surface
tension due to temperature gradient inside the solution is also found to influence
the deposited crystals, and it is investigated in another paper from our group.

This bar coating method provides another way of depositing small molecule organic
crystals with large grain size and uniform orientations. It can be a good supplement
for current technologies and provide more options to fabricate organic electronics
by low-cost solution process.
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Table of Materials/Equipment

Name of Material/ Equipment
2,7-Dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-
BTBT 99.5%)
phenyl trichlorosilane (PTS 98%)

Silicon with 300 nm SiO,

1H,1H,2H,2H-perfluorooctanephosphonic acid (PFPA 95%

m-xylene 99%
6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ
Temperature Controller
Motion Controller
2636 System SourceMeter
Eclipse LV100N polarizing
MultiMode 8
SmartLab X-ray Diffraction system

Click here to download Table of Materials/Equipment Tables_of_Materials.xls

Company
Luminescence Technology Corp.

J&K Scientific
University Wafer
Sigma-Aldrich
International Laboratory USA
Luminescence Technology Corp.
Newport
Newport
Keithley
Nikon
Bruker
Rigaku
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

;DJL!?OGT’WV\ h’% Orapurte Cr“}"‘f“{i Ty varf\lil Scale l?"\l Bay Cm‘nm\ L‘\e"dwl

Author{s):

|2_\nc\m) Z‘/\M\f} ; Pwlolm} an ke Leum)’ Chan L

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

http://www jove.com/author) via: m Standard Access z } Open Access

ltem 2 {check one box):

gThe 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.

L] 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
Agreament, 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;
“Materlals” means the Article and / or the Video; “Partles”
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 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 Sectlon 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, Al 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 em 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. Grapt 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,
rovalty-free, perpetual (for the full term of copyright in the
Avrticle, 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 Nmitation in print, digital and
electronic form) throughout the world, (b} to translate the
Video into other languages, create adaptations, surnmaries 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.5.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 shali remain in full force and
effect, and all provisions contained herein that do so conffict
shall be deemed to be amended S0 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 it
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materfals,
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 untii 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
of 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 assighs 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 foVE 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 loVE 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

ARTICLE AND VIDEO LICENSE AGREEMENT

expense, All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received. '

13. Imansfer, 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:

Name: [Chow, bk ETYN %MU\I l
Department: {MQ(‘\M}\M‘ICQ\ E\,\o\lﬁ\)&zriwﬁf [
Institution: iT\M) Uwnal gy S’IT\J\‘ 0% UHQ\,\Q\\ \Co\w\ﬂ, [
Article Title: lD-”'l"“'ﬂ;M"\ 0’{( hm{m‘c \f/f”\f”fu(% J?u L&eran, Sy ‘(u\l for Cao[hm Md‘«b’l
1 J i o
Signature: Date: 78 /3/%[?/

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Fax the document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For guestions, please email submissions@jove.com or call +1.617.945.9051
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