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Key Sentence :

1. Electronic and/or photonic devices are integrated on the ultra-thin films

2. Flexible devices are applied to flexible systems.

3. Rapid prototyping with the technique of digital fabrication is utilized to establish various kinds of
new systems and services.

Key Word :
Flexible electronics, Flexible photonics, Printed devices, Organic semiconductor, Organic solar cells, Bio
compatible materials, Soft robotics

Outline

Our laboratory is aiming to develop novel applications of thin-film devices such as organic electronics as well as
to explore their fundamental study. More specifically, electronic and/or photonic devices are integrated on the
ultra-thin films or rubber sheets to produce next-generation information devices having excellent mechanical
flexibility. These flexible devices are cooperatively linked with state-of-the-art silicon technologies such as
ultralow power wireless chips and applied to flexible systems. Moreover, by utilizing the biocompatible
electronics such as flexible devices, the emerging region that fuses machines and biological materials will be
investigated to advance unique bio-medical and robotics applications. Furthermore, the rapid prototyping with the
technique of digital fabrication will be utilized to establish various kinds of new systems and services to support
humans and consequently lead to new manufacturing paradigms that can respond to rapid changes society and
meet their needs will be realized.

1. “Washable” ultrathin organic solar cells (Fukuda, Someya)

One of the requirements of the Internet of Things—referring to a world where devices of all sorts are connected
to the Internet—is the development of power sources for a host of devices, including devices that can be worn on
the body. According to Takao Someya, the leader of the research group, these could include sensors that record
heartbeats and body temperature, for example, providing early warning of medical problems. In the past, attempts
have been made to create photovoltaics that could be incorporated into textiles, but typically they lacked at least
one of the important properties—long-term stability in both air and water, energy efficiency, and robustness
including resistance to deformation—that are key to successful devices.

For the present work, we developed extremely thin and flexible organic photovoltaics (OPVs) (Fig. 1), based on
three important materials and technologies: a novel active layer material called PNTz4T, Fabrication technique of
ultra-thin organic electronic devices, and a simple idea of lamination of such ultra-thin electronic devices between
elastomers. They deposited the device in an inverse architecture, which they had previously developed, onto a
1-um-thick parylene film. The ultra-thin device was then placed onto acrylic-based elastomer and the top side of
the device was coated with an identical elastomer, giving it a coating on both sides to prevent water infiltration.
The elastomer, while allowing light to enter, prevented water and air from leaking into the cells, making them
more long-lasting than previous experiments.

The researchers then subjected the device to a variety of tests, finding first that it had a strong energy efficiency
of 7.9% based on a simulated sunlight of 100 mW/cm? (Fig. 2). A schematic of the fabrication procedure and
double-side coated OPVs is shown in Fig. 3. The freestanding OPV was laminated on 200% pre-stretched
elastomer. Subsequently, another 200% pre-stretched elastomer was coated on the device surface by carefully
adjusting its length and shape. To test its resistance to water, they soaked it in water for two hours. The
double-side coated OPVs exhibited a very small decrease (5.4%) in efficiency after water immersion for 120 min
(Fig. 4). The freestanding OPVs without elastomers were also fully functional after water immersion for 120 min.
However, the PCE decreased by 20.8%. Such an extraordinary water stability was achieved by combining a
water-stable polymeric semiconductor and an encapsulated structure with acrylic elastomers. And to test the
durability, they subjected it to compression, and found that after compressing by nearly half for twenty cycles
while placing drops of water on it, it still had 80 percent of the original efficiency.

As textile-compatible power sources, our washable, lightweight and stretchable OPVs will open a new avenue
for use as a long-term power source system for wearables, e-textiles and other 10T sensors in the future.
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Fig. 1. Washable and stretchable OPVs.
Photograph of the washing process for the devices conforming to a dress shirt.

Light source: 100 mW/cm?

—— Before peeling
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Fig. 2. J-V characteristics before and after peeling from a supporting glass.
The blue and red lines represent the characteristics of the OPVs before and after peeling (freestanding),
respectively.

Passivation 500-um-thick acrylic elastomer Double-side coated
Ag / MoO, stretchable OPV
Active layer k Ultraflexible OPV
ITO/ZnO >
b_' —_— —
Substrate _AAA ‘\

Figure. 3. Schematic of the double-side coated ultra-thin OPVs.
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Fig. 4. Water stability.

Normalised PCE as a function of the dipping time. The PCE of the freestanding OPVs (black circles) reduces by
20.8% after 120 min, whereas that of the double-side coated OPVs (red squares) reduces by only 5.4%.

2. Breathable, wearable electronics on skin for long-term health monitoring (Someya)

A hypoallergenic electronic sensor can be worn on the skin continuously for a week without
discomfort, and is so light and thin that users forget they even have it on, says a Japanese group of
scientists. The elastic electrode constructed of breathable nanoscale meshes holds promise for the
development of noninvasive e-skin devices that can monitor a person's health continuously over a
long period.

Wearable electronics that monitor heart rate and other vital health signals have made
headway in recent years, with next-generation gadgets employing lightweight, highly elastic
materials attached directly onto the skin for more sensitive, precise measurements. However,
although the ultrathin films and rubber sheets used in these devices adhere and conform well to the
skin, their lack of breathability is deemed unsafe for long-term use: dermatological tests show the
fine, stretchable materials prevent sweating and block airflow around the skin, causing irritation
and inflammation, which ultimately could lead to lasting physiological and psychological effects.

We had previously developed an on-skin patch that measured oxygen in blood and learned
that devices that can be worn for a week or longer for continuous monitoring were needed for
practical use in medical and sports applications.

In the current research, the group developed an electrode constructed from nanoscale
meshes containing a water-soluble polymer, polyvinyl alcohol (PVA), and a gold layer--materials
considered safe and biologically compatible with the body (Fig. 5). The device can be applied by
spraying a tiny amount of water, which dissolves the PVA nanofibers and allows it to stick easily to
the skin--it conformed seamlessly to curvilinear surfaces of human skin, such as sweat pores and
the ridges of an index finger's fingerprint pattern (Fig. 6).

The researchers next conducted a skin patch test on 20 subjects and detected no
inflammation on the participants' skin after they had worn the device for a week. The group also
evaluated the permeability, with water vapor, of the nanomesh conductor--along with those of other
substrates like ultrathin plastic foil and a thin rubber sheet--and found that its porous mesh
structure exhibited superior gas permeability compared to that of the other materials.

Furthermore, the scientists proved the device's mechanical durability through repeated
bending and stretching, exceeding 10,000 times, of a conductor attached on the forefinger; they also
established its reliability as an electrode for electromyogram recordings when its readings of the
electrical activity of muscles were comparable to those obtained through conventional gel
electrodes.

It will become possible to monitor patients' vital signs without causing any stress or
discomfort about the future implications of the team's research. In addition to nursing care and
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medical applications, the new device promises to enable continuous, precise monitoring of athletes'
physiological signals and bodily motion without impeding their training or performance.

Manomesh conductors

—
Spray water

PVA nanofibre PVA dissolved

Fig. 5. On-skin nanomesh electronics.
A schematic of the nanomesh conductors. The process of laminating a Au nanomesh onto skin is as follows: first,

Au is evaporated onto electrospun PVA nanofibres; PVA meshes are then dissolved by spraying water; after PVA
removal, nanomesh conductors adhere to the skin.

Fig. 6. A picture of a nanomesh conductor attached to a fingertip. It shows a high level of conformability and

adherence to the skin and sn SEM image of a nanomesh conductor formed on a silicone skin replica by dissolving
PVA nanofibres.
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