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SHORT ABSTRACT:

In this paper, we present a protocol to selectively deposit organic materials on textiles, which
allows for the direct integration of organic electronic devices with wearables. The fabricated
devices can be fully integrated in textiles, respecting their mechanical appearance and enabling
sensing capabilities.

LONG ABSTRACT:

Today, wearable electronics devices combine a large variety of functional, stretchable, and
flexible technologies. However, in many cases, these devices cannot be worn under everyday
conditions. Therefore, textiles are commonly considered the best substrate to accommodate
electronic devices in wearable use. In this paper, we describe how to selectively pattern organic
electroactive materials on textiles from a solution in an easy and scalable manner. This versatile
deposition technique enables the fabrication of wearable organic electronic devices on clothes.

INTRODUCTION:
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The field of wearable electronics is a fast-growing market expected to be worth 50 billion euros
in 2025, over three times the current market. The main challenge facing current wearable
devices is that intrusive solid electronic attachments limit the usage of established devices in
wearable systems. Using textiles that are already present in everyday life is a very attractive
and straightforward approach to avoid this limitation. Due to its elastic capability, some parts of
the clothing that we wear are naturally in tight contact with the skin. Many examples of smart
clothes available on the market today are based on thin, plastic displays, keyboards, and light
source devices embedded in textiles, linking electronics with humans in a fashionable way?. In
sport practice, health monitoring relies on textile electrodes, which offer comfortable
alternatives to commonly used adhesive electrodes and metal wristbands. Here, conductive
fibers are directly integrated with stretchy fabrics to prevent skin irritation and other
discomforts during extended wear. Additionally, textiles offer a number of opportunities to
integrate curvature sensors to capture motion?, to integrate shear sensors for the development
of functional robotic actuators?, and certainly to integrate biosensors through the detection of
an analyte in sweat”.

Modern wearable technology relies on carbon-based semiconductor materials that deliver
electronic devices with unique properties. The “soft” nature of organics offers better
mechanical properties for interfacing with the human body compared to traditional solid-state
electronics. This mechanical compatibility, paired with mechanically flexible substrates, enables
the use of non-planar form factors in devices such as textiles. The use of organics is also
relevant in life sciences due to their mixed electronic and ionic conductivity®. Besides, organic
semiconducting and optoelectronic materials empower a large variety of functional devices
with display, transistor, logic, and power capabilities®”®°. The main difficulty in the fabrication
of such organic devices is the controlled deposition of functional materials on the non-planar
surfaces of textiles. Conventional microfabrication techniques are primarily limited by the
incompatibility of the deposition process with the structural dimensionality of textile
substrates.

Here, we describe a simple and scalable fabrication protocol that allows for the selective
deposition of conducting polymers on structured textiles. The presented process enables the
fabrication of wearable and conformal electronic devices. The approach is based on the
patterning of the commercially available conducting polymer poly(3,4-
ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) and an elastomeric stencil
material polydimethylsiloxane (PDMS) on textile. This combination allows for the efficient
confinement of the aqueous PEDOT:PSS solution, as well as for the retention of the soft and
stretchable properties of textiles. This simple and reliable fabrication method paves the way for
the fabrication of a variety of electronic devices directly on textiles in a cost-efficient and
industrially scalable manner.

PROTOCOL:

1. Patterning conducting polymers on textile



1.1. Fixa 10 cm x 10 cm textile sheet on a planar surface for easy handling during the
process. For the textile, use a 100% interlock knit polyester fabric with a thickness of 300 um
and a knit direction stretch capability up to 50%.

1.2. To make a mask containing the patterning design, use a 125 um-thick polyimide film; an
example of the pattern is illustrated in Figure 1.

1.2.1. Use a laser cutter (e.g., Protolaser S, LPKF) to pattern the polyimide mask'%; the pattern
design of an electrode is illustrated in Figure 1.

1.2.2. Coat the PDMS formulation (10:1 base to curing agent ratio) on top of the mask
(polyimide film) using an automatic tape casting tool (K control print-coater, doctor blade) with
a wet film thickness of 200 um and at a 6 m/min coating speed. Use about 0.5 mL for a mask of
3 cm x 5 cm. Perform this process under the fume hood.

1.3.  Gently transfer the fabric to the PDMS-coated mask. Leave for 10 min, after which the
PDMS should be fully absorbed in the textile structure.

1.4. Cure the sample in an air-oven at 100 °C for 10 min.

1.5.  Prepare the conducting polymer:PEDOT:PSS dispersion (80 mL), ethylene glycol (20 mL),
4-dodecylbenzenesulfonic acid (40 uL), and 3-methacryloxypropyltrimethoxysilane (1 mL) in the
fume hood.

1.6.  Brush-coat the PEDOT:PSS solution on the PDMS-free area of the textile until a
homogenous penetration of the solution is obtained. Repeat this step to achieve a uniform
pattern color. Apply about 1 mL/cm?.

1.7.  Cure the fabric at 110 °Cfor 1 h to dry the PEDOT:PSS solution. Reduce the temperature
to 60 °C for textiles that are sensitive to high-temperature treatment, like nylon.

2. Organic device fabrication

Note: The protocol in Section 1 describes the selective deposition of conducting materials on
textiles. The following sections will describe the additional steps needed to fabricate organic
devices, like stretch sensors, OECT transistors, cutaneous electrodes, and capacitive sensors.

2.1. To fabricate stretch sensors, shown in Figure 3a, pattern the electrode lines on the
textile, as described in Section 1, steps 1.1-1.5.

Note: An example of the pattern design is shown in Figure 3a. The fabrication of such sensors
does not require any additional steps.

2.2. To fabricate the transistor design shown in Figure 3b, pattern the transistor arrays on a
nylon woven ribbon following the steps described in Section 1. Slightly modify the PDMS



annealing and PEDOT:PSS curing steps to avoid the thermal degradation of nylon by curing at
60 °C for a longer time.

2.3.  For the fabrication of cutaneous electrodes, shown in Figure 3c, deposit an ionic gel on
the patterned PEDOT:PSS textiles.

2.3.1. Prepare an ionic liquid gel mixture containing the ionic liquid, 1-ethyl-3-
methylimidazolium-ethyl sulfate; the cross-linking agent, poly(ethylene glycol)diacrylate; and
the photoinitiator, 2-hydroxy-2-methylpropiophenone at a (v/v) ratio of 0.6/0.35/0.05,
respectively.

2.3.2. Coat the PEDOT:PSS electrode with ionic liquid (20 pL/cm?) and add the ionic liquid gel
mixture from step 2.3.1 (25 pL/cm?) by drop casting.

2.3.3. Expose to UV light (365 nm) to initiate a crosslinking reaction for 10-15 min, until the gel
solidifies. Perform this step in the fume hood. Use a UV-protective cage during UV exposure.

2.4.  For capacitive sensor fabrication, use PEDOT:PSS textile electrodes insulated with an
insulating material (Figure 3d).

2.4.1. Insulate the keyboard-like PEDOT:PSS electrodes using the PDMS; the keyboard design
can be seen in Figure 2b. Dispense the PDMS formulation on top of the fabric and remove the
excess with a squeegee.

2.4.2. Place the fabric in an oven at 100 °C for 10 min. Perform this step in the fume hood.

REPRESENTATIVE RESULTS:

Traditional methods for applying colors or patterns to textiles rely on removable masking layers
to allow the selective deposition of dyes. In Figure 1, we show the adaptation of such an
approach to the patterning of PEDOT:PSS electrodes on textiles. As a masking layer, we used
hydrophobic polydimethylsiloxane, which can restrain the non-controllable diffusion of the
aqueous PEDOT:PSS solution. Moreover, the softness and stretchability of knitted and woven
textiles can be preserved thanks to the elastic and mechanical properties of the PDMS.

In Figure 1, the process starts with the preparation of the patterning master from polyimide
film (step 1). The design of the pattern outline is carved onto the film by a laser. Using a tape
casting tool, the PDMS is applied on this master (step 2), and the textile is placed on top of it
(step 3). The PDMS is then progressively diffused into the textile (step 4). To stop this transfer, a
short thermal annealing process is required to cure the PDMS. The viscosity and thickness of
the PDMS can be adjusted by using different amounts of the curing agent and coating
parameters, respectively, to control the diffusion and to insure the faultless replication of the
master design. Finally, the conducting solution is brush-painted on the unprotected textile and
baked to dry (step 5). The polyimide master is then delaminated from the textile surface. The
results of the fabrication flow are illustrated in Figure 1, on the right. In this case, successful



patterning was placed on knitted polyester. The patterning resolution on such a textile is
greater than 1 mm. However, lower resolution can also be obtained on tightly knit or woven
textiles. Using this deposition technique, the estimated sheet resistance of the conducting
textile is close to 230 Q/sq.

Examples of functional electronic devices on knit and woven textiles are shown in Figure 3a and
b, including successfully fabricated PEDOT:PSS electrodes on knit textiles. The natural
horseshoe arrangement of the fibers in knit textiles provides adjustable stretchability to fabrics.
This spring-like capability of knit structures can result in highly sensitive strain sensors!. A
simple deformation in the textile structure is reflected by a change in the electrical resistivity
due to the twisting of conductive fibers in the threads. Additionally, by taking advantage of the
hygroscopic capacity of the textiles, the array of electrodes in Figure 3b was patterned on
textiles to make planar transistors with rectangular channels and different gate widths, which
can be used in wearable sweat sensing. Such a geometrical configuration is used in organic
electrochemical transistors (OECT) for sensing which channel and gate are linked by a sample of
an analyte®?.

The presented patterning technique can be extended to fabricate complex organic electronic
devices on textiles. As the PDMS stencil remains in the textile after the patterning process,
additional layers can be patterned on PEDOT:PSS-coated conducting textiles. In Figure 2, we
present the process in which an ionic liquid gel solution (Figure 2a) and the PDMS formulation
(Figure 2b) were applied to functionalize or isolate the surface of a PEDOT:PSS electrode,
respectively. lonic gels are largely used in cutaneous electrodes. The incorporation of an ionic
gel in conducting textiles was used to fabricate wearable textile electrodes for
electrophysiological monitoring!® and is illustrated in Figure 3c. Capacitive sensors were made
by insulating the textile electrode surface with PDMS. A change in the capacitance was
detected when the electrode was touched. Such a touch-sensitive device was used to fabricate
an organic electronic textile keyboard?*3, as shown in Figure 3d.

Figure 1. Process flow illustrating the patterning of conducting polymers onto textiles.
Process flow illustrating the patterning of conducting polymers onto textiles. Step 1: mask
preparation, step 2: PDMS deposition on the polyimide patterning mask defining the outline of
the desired design, step 3: transfer of the masking layer by the placement of the textile on the
PDMS-coated mask, step 4: transfer of the PDMS into the bulk of the textile, step 5: deposition
of conducting polymer solution onto unprotected textile. The pictures on the right show the
results of the key steps of the process flow.

Figure 2. Two examples of fabrication organic devices.

Two examples of fabrication organic devices. a) lonic liquid gel coating on the PEDOT:PSS textile
electrode for cutaneous sensing. b) Insulation layer deposition on the PEDOT:PSS textile
electrode for touch sensors.

Figure 3. Photographs of organic electronic textile devices.



a) PEDOT:PSS electrodes for stretch sensing b) Array of OECT transistors for wearable
biosensing. c) Circular PEDOT:PSS electrode coated with an ionic liquid gel for cutaneous
electrophysiology. d) Organic touch sensors for a wearable keyboard.

DISCUSSION:

The patterning of conducting materials is one of the first steps in the fabrication of functional
electronic devices. This can become challenging, as the fabrication process needs to take into
account the chemical and physical properties of such materials, and the process flow needs to
consider the material cross-compatibility between the fabrication steps. In the microfabrication
of organic electronic devices, these two aspects are even more significant due to the highly
reactive nature of organics. Today, however, organic materials are highly attractive to wearable
and flexible electronics for their electro-elastic properties!*?. The transfer of such technologies
to textiles to obtain fully integrated electronic wearables is limited by their three-dimensional
structures. Conventional techniques used in microfabrication are restricted to inkjet or screen
printing of conducting inks only on thin substrates and textiles'®7.18, Traditional embroidery
technique, where a single fiber is sewn into the textile, still lacks industrial production
scalability.

The most critical aspect in the patterning of organic materials is deposition without disturbing
the electrical properties. The patterning technique described in Figure 1 relies on the direct
deposition of organics, with no need to meet specifications of the deposition technique or the
tool. The organic materials are formulated to the best of their performances and can then be
directly deposited on the chosen fabric structure. The utility of PDMS is key to pattern materials
from solution onto textiles. The application of conducting materials from the low-viscosity
solution, rather than using paste-like inks, enables a conformal and deep coating in textile
structure. However, it limits the selective deposition and leads to the loss of the patterning
resolution. We have overcome this limitation by creating a negative pattern from PDMS to
restrain the non-controlled conducting solution penetration into the textile. The strategic
choice of the PDMS is based on its visco-elastic properties, which maintain the textile
stretchability and flexibility. The PDMS is also hydrophobic and allows the control of the
spreading of the PEDOT:PSS water-based solution during the patterning. We observed that the
conductive patterns fabricated using this protocol demonstrated good electrical conductivity
and stability during mechanical deformations. This method allows the future customization of
existing garments with smart components that have electronic capabilities. However, one of
the critical and, in some cases, limiting points of the proposed approach is still organic material
durability in wearable conditions. Some aspects, such as mechanical stress resistance and
behavior after the washing and drying of organic conducting textiles, are still unknown.

The large majority of wearable electronics rely on stretchable devices, where spring-like
structures are created to maintain the electrical connection during device deformation.
Depending on the textile type, the fibers in knit fabrics are assembled in a horseshoe design,
providing mechanical stretchability of the structure. Coating these textiles with conducting
materials permits individual fibers to act as strain and motion sensors in smart clothing, as
shown in Figure 3a. Moreover, more complex device geometries can easily be patterned, not



only on knit, but also on woven fabrics. In Figure 3b, we present an array of OECTs with variable
geometries. In conventional photolithography, the simultaneous fabrication of big and small
features is almost impossible to achieve without requiring multiple steps. We demonstrate that
our patterning technique is able to produce patterns with a resolution that varies from 0.5 mm
to about a hundred times greater. Such transistors can be directly used in wearable sweat
sensing with an adjustable time response and detection resolution®®.

We have demonstrated that PDMS also enables the consecutive deposition of additional
functional layers in a selective manner, as shown in Figure 2. Devices can then be integrated in
textiles and become fully integrated on wearable systems. The process in Figure 2a shows the
fabrication of a cutaneous textile electrode, where the contact between the electrode and the
skin is enhanced with an ionic liquid gel. Wearable electrodes in cutaneous electrophysiology
suffer from motion artifacts caused by the electrical contact degradation between the wearer
and electrodes during recordings. The possibility to integrate ionic gels on textile electrodes
opens an efficient communication channel with the human body, which is desired in wearable
healthcare devices. An example of such a device can be seen in Figure 3c.

The consecutive deposition of other active materials can result in devices using a stack
geometry, such as organic batteries, capacitors, solar cells, transistors, or sensors. Figure 2b
shows the deposition route of insulating or dielectric materials. A wearable organic keyboard
(Figure 3d) can be fabricated using this process, where the PDMS is used to create a dielectric
layer on top of the electrode. Such a device is capable of capacitive variation sensing between
the electrode and a finger, which can have potentially interesting applications in wearable
computing and human-machine interfacing.
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Excel Spreadsheet- Table of Materials/Equipment

Name of Reagent/ Equipment

SYLGARD 184, Silicone elastomer kit (Base and
Curing agent)

The conducting polymer formulation
CleviosTM PH 1000 PEDOT:PSS

Ethylene glycol
3-methacryloxypropyltrimethoxysilane
4-dodecylbenzenesulfonic acid

The ionic liquid gel

UV lamp DFE 2340
1-Ethyl-3-methylimidazolium ethyl sulfate

Poly(ethylene glycol) diacrylate

2-Hydroxy-2-methylpropiophenon

The textile fabric

The polyimide film

Click here to download Excel Spreadsheet- Table of

Materials/Equipment JoVE_Materials_us.xlsx

Company

Dow Corning

Heraeus
Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

C.I.F/ ATHELEC
Sigma-Aldrich
Sigma-Aldrich

Sigma-Aldrich

VWR

DuPont

Catalog Number

03750-250ML
M6514

44198

DP134
51682-100G-F
455008-100ML

405655-50ML

Spec-Wipe 7
Wipers
HN100
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Comments/Description

PDMS elastomer

Conductive polymer
Solvent (EG), CAS: 107-21-1

Cros linker (GOPs), CAS: 2530-85-0

(DBSA), CAS: 121-65-3

UV-365nm
lonic Liquid (IL), CAS: 342573-75-5
Mn 700, CAS: 26570-48-9

Phot Initiator (Pl), CAS: 7473-98-5

100% interlock knit polyester fabric

Polyimide film with 125 um thickness
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- right to make such moedifications as are techmca!ly 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-
commiercial 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. .

S. Grant of Rig.hts in Video ~ Standard Access. This Se&ion 5

..applies.if the “Standard Access” box.has.-been.checked.in.ltem——.......—.

1 ahove or if no box has been checked in ltem 1 above. In
consideration of JoVE "agreeing to pi’oduce, 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
ltem’1 above. [n 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} ta 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
Coliective Works and (¢) 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. 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

612542.6
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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. Likenéss, Privacy, Personality. The Author hereby grants

JoVE the right to use the Author's name, voice, likeness,
pictiire; photograph, image, biography and pérformance 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

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 fisted 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
andfor 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
oVE 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 Llicense Agreements from e€ach
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
Authgr’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 [imitation, to all decisions regarding editing, lighting,
filming, timing of publlcatlon if any, length, quality, content
and the like.

- 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 harmiess 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, laboratery, 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 loVE, 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. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

-—-cover.pre=production.expenses.incurred-by JoVE.-H payment is

e 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 cantractors.

12, Fees. To cover the cost incurred for publication, JoVE
" must receive payment bifore production anid 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

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 Agreeh‘nent 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 proviston 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 sugned copy of this Agreement.

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

CORRESPONDING AUTHOR:
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Signature: ‘ // O/

A

Date: : 02/ g‘f’ /@-O}é

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

" 2) Faxthe document to +1.866.381.2236;

3) Mail the document to JOVE / Attn: JoVE Edltorlal /1 Alewn‘e Center #200 / Cambr:dge MA 02139

For questions, please email submissions@jove.com or call +1.617.945:9051
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manuscript 55439 R1 091416.

Response to Editorial comments

Editorial comments:

The manuscript has been modified by the Science Editor to comply with the JoVE formatting
standard. Please maintain the current formatting throughout the manuscript. The updated
manuscript (55439 R1 091416.docx) is located in your Editorial Manager account. In the
revised PDF submission, there is a hyperlink for downloading the .docx file. Please download the
.docx file and use this updated version for any future revisions.

1. Please copyedit the manuscript for grammatical errors and awkward phrasing. This editing
should be performed by a native English speaker and is required prior to acceptance.

-Line 38 — “extreme daily conditions” — this is not clear.

-1.1 — “an easy handling”

-1.2 — “the Figure 1” — delete “the”

-1.6 — “Reduce this temperature to 60 °C by using a vacuum oven for other type of textiles,” —
please clarify. It sounds like a reduction of temperature in the air oven is achieved by a vacuum
oven.

-2.1 — Please clarify “consecutively deposit an ionic gel”. Only one layer of gel appears to be
deposited in the subsequent steps.

-2.2 — “respect the temperature” — awkward phrasing

-Line 163 — “using described method”

-Line 165 — “horseshow arrangement” — do you mean “horseshoe”?

-Line 168 — “percolation” is not the right word here.

-Line 213 — “fiber’s three-dimensional arrangement in their structures”

-Line 224 — “processable”

-Line 249 — “in such way”

-Line 253 — ““subject for the degradation of the electrical contact during recordings” — please
clarify

Response: We have addressed all the coments and introduced corrections in the revised version
of the manuscript. The revisions can be seen using the Word tracking tool.

2. Visualization: It is unclear how to visualize 2.2 — 2.4.1. The purpose of these steps is also not
Clear.

Response: In these steps we describe the fabrication method of the different devices. We have
modified the text to underline the purpose of each step.

3. Additional detail is required:

-1.2 — How is the mask made? steps 1.2 and 1.2.1

-1.2.1 — How is laser cutting used to pattern the mask? Please provide a citation.
-1.5 — What is meant by the unprotected area? What part is the protected area?


http://www.editorialmanager.com/jove/download.aspx?id=567405&guid=2b4ae48d-89e4-4199-bc36-5da0bd5ff4f9&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=567405&guid=2b4ae48d-89e4-4199-bc36-5da0bd5ff4f9&scheme=1

-1.6 — What is the ink solution? Is this the conducting polymer? Please be consistent with names
of materials.

-2.1.2 — How is coating performed? What is “ionic liquid”? Is this the same solution as in 2.1.1?
How long is the UV exposure?

-Steps 2.2-2.4.1 are unclear. What is the purpose of these steps? How do they differ from the
steps in section 1? It seems like a repeat with no clarity of purpose. Please rewrite this section to
clearly state what is being done, as it is not clear what we can film. What actions are the
experimenters performing in each step?

Response: We have modified the text adding more details as requested. The comment on steps
2.2-2.4.1 have been addressed in the previous comment (2).

4. Discussion: Please discuss the limitations and future applications of the protocol.

Response: We discuss the limitations and applications now in the manuscript (line 244). This
method allows in future customizing existing garments with smart components having electronic
capabilities. However one of the critical and in some cases limiting point of the proposed
approach is still organic materials durability in wearable conditions. The aspects such as the
mechanical stress resistance, behavior after washing and drying steps of organic conducting
textiles are still unknown.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The authors present a simple and scalable fabrication protocol that allows for the patterning of
conducting polymers on textiles. The presented process enables the fabrication of wearable and
conformal electronic devices. An elastomeric stencil material polydimethylsiloxane (PDMS) is
used to protect textile areas where no impregnation with conductors should occur. This
combination allows the precise deposition of conductive structures on rough textile surfaces as
well as the retainment of the soft and stretchable properties of textiles.

Major Concerns:
no major concerns.

Minor Concerns:

Line 95: Deposition of precise volumetric quantities of viscous liquids such as PDMS uncured is
difficult. It would be useful if the authors provide more information here.

Response: We have clarified this in the manuscript. 0,5mL was used for a mask of 3x5¢cm?

Line 96: The authors should provide details about "an automatic tape casting tool"
Response: This is now clarified this in the manuscript



Line 142: Traditional methods for applying colors or patterns to textiles rely on removable
masking layers to allow the selective deposition of dyes.

Is it possible to remove PDMS afterwards?

Response: in our case the PDMS material cannot be removed at the end of the process. While
some strong solvents can be used to dissolve PDMS, this can harm the PEDOT:PSS and destroy
its conductive properties.

General: How does the process compare to traditional methods such as screen printing? Is there
an advantage that pays of the necessity to impregnate with PDMS?

Response: The method described here was developed to pattern low viscosity solutions on thick
and knitted textiles, and is able to consistently penetrate the textiles structure and to control their
diffusion thanks to the PDMS. Traditional techniques are mostly used for thin and woven textiles.
Techniques like ink jet printing or screen printing are limited because of the amount of the ink
deposited at the time, or because the paste-like nature of the ink can only be deposited on the top
surface of thick textiles.

Additional Comments to Authors:
N/A

Reviewer #2:

Manuscript Summary:

The manuscript deal with the fabrication of conducting polymer devices on textiles. It is well
organized and well-written and gives a substantial contribution to the progress of wearable
electronics.

Major Concerns:
N/A

Minor Concerns:
What is the role of the silane in the processing of PEDOT:PSS?
Besides the fabrication, why not showing an example of electrical performance?

Response: It is known that a variety of Silane molecules are largely used as surface adhesion
promoters. In our case it helps PEDOT/PSS to better adhere to the textile and prevent PEDOT’s
dissolution in contact with water. This method follows our previous work cited as reference 10.
The electrical properties are described in detail in that paper.

Additional Comments to Authors:
Overall, | suggest publication after minor revisions
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Response to Editorial comments

The manuscript has been modified by the Science Editor to comply with the JoVE formatting standard. Please
maintain the current formatting throughout the manuscript. The updated manuscript (55439 _R0_090816.docx) is
located in your Editorial Manager account. In the revised PDF submission, there is a hyperlink for downloading the
.docx file. Please download the .docx file and use this updated version for any future revisions.

Changes made by the Science Editor:
1. There have been edits made to the manuscript. Please accept (or address) all tracked changes.

Response: We have accepted all changes and addresses the correction concerning the modification of is to are “We
are talking about the field of wearable electronics” so, we changed the phrase in line 46.

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar
issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in
the published version.

Response: We have proofread the manuscript

2. Unfortunately, there are a few sections of the manuscript that show significant overlap with previously published
work. Please rewrite the text to avoid plagiarism (including self-plagiarism). Though there may be a limited number of
ways to describe a technique, please use original language throughout the manuscript. These sections are highlighted
with red text in the revised manuscript.

Response: We have modified the text of these sections. These modifications can be seen in red

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™),
registered symbols (®), and company names before an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents.

Response: We have removed all commercial symbols from the text and illustrations.

4. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials.

Response: We have removed them.

5. Please provide an email address for each author.

Response: We now include all emails in the manuscript

6. Please rephrase the Short Abstract to clearly describe the protocol and its applications in complete sentences
between 10-50 words: “Here, we present a protocol to ...”

Response: We have rephrase the abstract.

7. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do
the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete
sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the
Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be
concise and used sparingly. Please include all safety procedures and use of hoods, etc.

Response: We have rephrased the protocol steps that now includ safety specifications when required.

8. The Protocol should contain only action items that direct the reader to do something. Please move the discussion
about the protocol to the Discussion.

Response: The protocol is now containing only actions.

9. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step
performed? Alternatively, add references to published material specifying how to perform the protocol action.
Response: We now clarify this in the manuscript as much as we could.

10. 1.1: How much is used?

Response: We have clarified this in the manuscript

11. 1.2.1: What pattern is used?

Response: We have clarified this in the manuscript

12. 1.5: How much is brush coated?

Response: We have clarified this in the manuscript

13. Please upload each Figure individually to your Editorial Manager account as a .png or a .tiff file. Please combine
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all panels of one figure into a single image file.

Response: The figures are now uploaded separately.

14. Please remove the titles and Figure Legends from the uploaded figures. The information provided in the Figure
Legends after the Representative Results is sufficient.

Response: We have uploaded the figures separately. Figure legends are presented after the Representative Results.
Additionally, combined figures and legends doc. file is uploaded for demonstration.



