

























































































First Generation Devices Next Generation Devices?

Fig. 1: Wearable devices are beginning to transition from rigid components in boxes toward
truly wearable devices. So far, nearly this entire market is served by existing sensors borrowed
from other industries. However, we now see the rise of new sensors made with wearability in
mind. Image sources: Fitbit, Apple, Samsung/Oculus and Google, and IDTechEx photos of
Clothing+/Myontec, Bainisha, Toyobo, Parker Hannifin, EMS/Nagase and others.

Stretchable conductive inks are also emerging
as a serious contender to fulfill this role.
This is because conductive ink technology is
highly adaptive, enabling custom products to
be developed to satisfy different price and
performance (conductivity, stretchability,
etc.) requirements. This is critical at this
exploratory stage of the market when the
customer requirements are not fully known
and can be very divergent.

Inks have a further advantage in that they
are a post-production step that can be univer-
sally applied once a textile is made using
existing unmodified processes. Indeed, ink
technology has the potential to piggyback
onto existing infrastructure and know-how
for screen printing graphics on textiles.

As shown in Fig. 2, there are already many
electronic textile (e-textile) prototypes and
products that use flexible and/or stretchable
conductive inks. These examples range from
heart-rate monitors for humans and animals

(e.g., horses), shoe in-sole pressure sensors,
interconnects, and so on. In general, our statis-
tics, shown in Fig. 2, demonstrate that interest
in stretchable inks is on the rise. The number
of ink-based e-textile products/projects is
significantly up year-on-year.

Despite this interest, stretchable inks are
not yet a finished commodity-like article.
There is much room for continued improve-
ment and customization. In the current
approach, the printed layer is sandwiched
between a plastic substrate and an encapsula-
tion layer, and is then laminated onto the tex-
tile. This is not a sufficiently elegant solution
in that it requires two additional layers. The
substrate is used essentially to create a com-
mon surface in an industry in which numerous
textiles exist, each offering a widely different
surface characteristic. The commonplace
encapsulation materials are also not yet
perfect in that they are not very breathable or
even comfortable. The performance of stretch-

able inks can also be further improved, even
though the latest generation is better at sup-
pressing resistivity changes with elongation
and at withstanding washing conditions,
compared to earlier versions. All this suggests
that there is opportunity for material innova-
tions and improved formulations to enable
more stretchable inks that can be applied
directly onto various textiles with strong
adhesion.

This trend has so far been characterized by
a push from material/ink suppliers, and not
every company is experiencing commercial
success. In fact, we are still in early days and
the value chain for e-textile is still being
shaped, with active involvement from tradi-
tional textile makers, large contract manufac-
turers, and major brand owners.

Many examples of SCE sensors are either
commercialized or close to commercializa-
tion. For example, piezoresistive sensors are
already commercially used to measure pres-
sure distribution over uneven topographies.
One use case involves measuring the topogra-
phy of a patient’s teeth. The patient bites on
the piezoresistive sensor, and by doing so,
changes the sensor’s thickness, and thus its
resistivity, at various locations, allowing for a
reading. In such applications, the degree of
stretching is often low, whereas surface con-
formity is excellent and essential.

Many other types of stretchable sensors are
also being developed. One example involves
stretchable strain sensors that measure large
(>100 percent) displacements, well beyond
the capabilities of standard strain gauges. The
device architecture can be relatively simple;
for example, a dielectric-polymer can be sand-
wiched between two printed electrodes to
create a capacitive strain sensor. These sen-
sors are being aggressively commercialized
by several suppliers around the world. The
target application space is potentially very
broad, spanning e-textiles, robotics, industrial
machinery, and so on.

Although it may seem that there is a sudden
commercial interest in and progress on SCE,
these technologies are not overnight wonders.
For example, consider the simple dielectric-
based stretchable strain sensors. Working
examples have been developed, but compa-
nies have been trying to commercialize these
for more than 13 years. During this time, the
IP and commercialization rights for this tech-
nology have changed hands at least three
times, and numerous potential markets have
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Fig. 2: At left are ink-based e-textile prototypes and products. Image sources: Holst Centre/DuPont (Wearable Expo Japan 2017), FEETME/
DuPont (Wearable Expo Japan), Bebop impact sensors, Mimo breathing sensor, stretch sensor by Bainisha, activity sensors by Clothing +,
Toyobo (Japan 2017), Jujo Chemical (FineTech 2016), Maxim Integrated, Toyobo (Japan 2017). (The information in parentheses indicates
where/when IDTechEx analysts took the photos.) At right are statistics showing that the popularity of ink-based solutions is on the rise in

e-textiles. Source: IDTechEx.

been tested, creating a large accumulation of
commercial experience.

Structural Electronics Are a Potential
Endgame for Electronic Devices
Structural electronics represent a megatrend
that will transform traditional electronics from
being components-in-a-box into truly invisible
electronics that form part of the structure
itself. This is a major, long-term innovation
that will lead to a root-and-branch change of
the electronic industry, including its value
chain, materials, and components (Fig. 3).
Stretchable and conformable electronics are
giving shape to this megatrend. Indeed, they
enable it.

In one manifestation of SCE in structural
electronics, electrodes/antennas are deposited
on the surface of 3D-shaped objects, eliminat-
ing the need for a separate printed circuit
board. Here, as in piezoresistive sensors,
stretchability is important in the form of ready
3D surface conformity rather than elasticity or
high-strain capabilities. In another manifesta-
tion, in-mold electronics (IME) is helping to
structurally embed electronic functionality
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into 3D objects made using high-throughput
processes such as thermoforming.

In IME, electronic materials, together with
graphics inks, are deposited (printed or
coated) onto a flat sheet before being thermo-
formed into a 3D shape. This causes the mate-
rials to experience a one-off major stretching

event. If standard materials are employed,
this stretching will cause layer cracking and
failure. The materials used therefore need to
be specially made or formulated to become
IME compatible.

Herein lies an opportunity for material
suppliers. The first material to respond to this
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Fig. 3: Structural electronics represent a trend that will see electronic functionality become a

part of the structure itself.




need has been conductive ink, partly because
of its technological adaptability in terms of
custom formulations. This flexibility has
helped it become IME compatible. Indeed, as
in the development of commercial stretchable
conductive inks, IME-compatible material
experiences a one-off stretching event. There
were only two or three suppliers two years
ago or so, but now many ink suppliers have
demonstrated capability or commercially
launched their products, often with aggressive
pricing strategies.

The materials menu is of course not limited
to conductive inks. Another major component
that is becoming IME compatible is transpar-
ent conductive films (TCFs), which form the
basis of capacitive touch-sensing technology.
These stretchable TCF technologies, including
those based on carbon nanotubes (or nanobuds),
silver nanowires, and PEDOT, can enable
3D-shaped touch surfaces made using mold-
ing processes.

As shown in Fig. 4, there are already
numerous IME prototypes aimed at high-vol-
ume white-good (home) appliances and auto-
motive applications. Many such prototypes
are in late-stage qualification. Interestingly,
IME had previously had a false start in that an
IME overhead console had been adopted into
a car before malfunction (attributed to process
simplification going from prototyping to mass
production) caused the product to be recalled.

This cautionary tale further underscores the
fact that SCE did not appear overnight and has
in fact been in the making for years. Note that
despite that recall, commitment has remained
strong behind the scenes and we expect com-
mercial product launches soon.

A Slow and Profitable Path

to Innovation

There will be much more innovation in SCE
in years to come, because all electronic com-
ponents, to various degrees, are becoming
stretchable and conformable. As described
above, most are still years away from com-
mercialization. This is partly due to techno-
logical immaturity but also because SCE
components are often very different from their
rigid counterparts in terms of performance and
application. Consequently, they cannot just be
considered a substitute for the next generation
of existing components/materials.

Indeed, SCE components must find and
create new markets and new product cate-
gories. This requires extensive time-consum-
ing exploration of many niche markets. We
currently see that several SCE components are
exactly in this phase: the market is experienc-
ing many divergent application ideas. This
phase will inevitably end as hit products are
found, causing the industry to consolidate
around them. This period of convergence will
then continue until competition erodes mar-

IME prototypes

IME compatible transparent conductive films

Fig. 4: There are many examples of IME prototypes that are aimed at white-good appliance
applications, such as washing machine human-machine interfaces, as well as at automotive
applications, such as overhead or heating control consoles. Sources: In box at left, clockwise
from top left: Jabil, Tactotek (Printed Electronics Europe 2016), DuPont (Wearable Expo Japan
2017), DuPont (IDTechEx Show! 2016), Jujo Chemical (FineTech Japan 2017). In box at right
are examples of various thermoformed transparent conductive films. Sources: clockwise from
top left: Fujifilm (IDTechEx Show! USA 2016), Negase (Nepcon Japan 2017), Heraeus
(IDTechEx Show! USA 2016), Aga (FineTech 2014), Canatu. (Information in brackets indicates

where/when IDTechEx analysts took the photo.)

gins, forcing players to seek new markets and
unleash the next phase of divergence.

The high level of diversity, however, both
in terms of technologies and target applica-
tions, will ultimately offer resilience to the
SCE market. While every application won’t
succeed, it would be unreasonable to assume
that every application will fail. In our fore-
casts, we can see a $US600 million market by
2027 for SCE. For further details please refer
to our report, Stretchable and Conformal
Electronics 2017-2027, available at www.
idtechex.com/stretchable.

NOMINATE YOUR
FAVORITE PRODUCTS
FOR A DISPLAY
INDUSTRY AWARD

If you've seen or used a new display prod-
uct this year that you really like, let the rest
of the industry know by nominating it for
a Display Industry Award. The DIAs are the
display industry’s most prestigious honor,
given annually by the Society for Informa-
tion Display to recognize the year’s best
new display products or applications. Win-
ners are selected by the Display Industry
Awards Committee based on nominations
from SID members and non-members
alike, and the awards are announced and
presented at Display Week.

To nominate a product, component, or
application that was commercially avail-
able in 2017, send an email titled DIA 2018
Nomination to drocco@pcm4i1il. com. The
Display Awards Committee will review
your suggestion.

If your favorite products happen to be your
own company's products, nominate them
yourself. Visit www.sid.org/About/Awards/
DisplayIndustryAwards.aspx, download the
appropriate nomination form, complete it
entirely, and send it to drocco@pcm4ii.
com.

ACT QUICKLY: THE DEADLINE FOR

NOMINATIONS IS JANUARY 15, 2018.
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It sounded to me like a bit of a trick at first,
but after reading this article and taking in the
associated excitement around the concept at
Display Week this year, I’'m convinced this is
a very promising approach. It’s somewhat
analogous to the early days of color TV, when
we took advantage of the observer’s lower
sensitivity to resolution in certain colors to
achieve the lowest possible total channel
requirements. Behnam and his coauthors
(including Nikhil) take this concept all the
way through a practical system architecture
and full image-processing and data-manage-
ment design to show how this can be imple-
mented with existing technology, including
silicon. This is very significant work, and
actual images with great promise have already
been demonstrated.

VR and AR Developments

Staying with a similar theme, we offer the
next installment in our review coverage of
Display Week 2017, “Recent Developments
in Virtual-Reality and Augmented-Reality
Technologies.” Frequent contributor Achintya
Bhowmik was at the hub of many of the new
developments revealed this year as a teacher,
developer, and observer. It’s been a busy year,
with so many new concepts being shown,
including a whole range of new augmented-
and mixed-reality devices. In fact, even the
vocabulary is getting complicated. For exam-
ple, where is the boundary between virtual
reality and augmented reality? Is it at the
intersection of transparent optics that merge
simulated scenes with real scenes or is it
something else? Well, whatever it is, what
really matters is the rapid pace at which
we’re seeing creative solutions and new
ideas, including new ways to address the
classic accommodation-vergence problems.
Achintya’s review covers several critical areas
of this field, including the hardware innova-
tions in the displays themselves and the
methods for achieving acceptable visual
acuity (including foveated rendering). It’s a
great summary of the state of the field from
one of its foremost experts.

One of the companies that is working hard
to bring a new type of light-field display
technology to market is Avegant. Led by
cofounder and CTO Edward Tang, Avegant
is designing a new generation of transparent
headset displays that can render light-field
images in a virtual space in front of the
observer with technology the company calls

32 Information Display 6/17

“retinal imaging.” Of interest to us was not
just Avegant’s innovation but how far the
company has gotten and what it was like to
develop this technology in a startup environ-
ment. Our own Jenny Donelan took the chal-
lenge and produced this month’s Business of
Displays Q & A feature for your enjoyment.
At one point during the conversation, Ed
describes the experience: “Startups are a
rollercoaster. You have the extremes of emo-
tion and experience at both ends — the highs
and the lows — and those happen almost
simultaneously. There are things going on that
are so exciting that you can’t believe it. At the
same time, the things that you worry about are
incredibly stressful as well.”

Having been in several startup environ-
ments myself over the years, I could not have
said it better. A cool idea and a new product
are exciting, but getting the entire business
over the goal line and into the marketplace is
a far greater and more stressful challenge than
developing the technology alone. I tip my hat
to Ed and everyone else in our great industry
who risk so much for their entrepreneurial
achievements.

Market Realities for Stretchable Technology
Another area that has seen a lot of activity
this year is stretchable displays and electronics.
We’ve covered some interesting highlights
recently in /D, and there were some very
notable demonstrations at Display Week this
year as well. However, there has been a lot
more to talk about than we could cover
ourselves, so we asked our friends Khasha
Ghaffarzadeh and James Hayward from
IDTechEx to write this month’s Display
Marketplace feature, “Stretchable and Con-
formable Electronics: Heading Toward
Market Reality.” As the title implies, the
advances we see are just the tip of the iceberg,
with all the underlying innovations lining up
to bring some really interesting concepts to
market. And while a lot of this work does
produce visual items like clothing that can
change color and displays that can be applied
in countless ways, there is also a whole field
of devices that can be integrated into fabrics
to monitor health and wellness, and to protect
users from dangers in the environment.
Imagine, for example, clothing that can detect
heat or dangerous vapors before the wearers
are actually exposed. But this is not yet a
mature space by any measure and the supply
chain, market needs, and other business

aspects are far from being well defined yet.
With their great efforts, where we are now and
where we will need to go is the picture the
IDTechEx authors want you to appreciate.

As we move into the end of 2017, I want to
wish everyone safe and happy holidays. I also
want to acknowledge the people who may be
struggling with loss due to recent events and
extend my heartfelt sympathies to you. May
you find peace, comfort, and security during
this season. Cheers and best wishes!

frontline technology
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UCF Students Earn Outstanding
Student Paper Award from SID

By Ruidong Zhu with Jenny Donelan

The growing popularity of augmented-reality
(AR) applications, coupled with the challenges
posed by creating optimal displays for these
devices, prompted a student research team at
the University of Central Florida to develop
new materials to support AR technology. In
order to improve the ambient contrast of AR
systems, and also to reduce their size, the stu-
dents created a “smart” liquid-crystal film and
polarizer that can potentially be used in auto-
motive head-up displays (HUDs) as well as
AR head-mounted devices (HMDs). At Display
Week 2017, authors Ruidong Zhu, Haiwei
Chen, Guanjun Tan, and Professor Shin-Tson
Wu from the University of Central Florida, as
well as collaborators Tamas Kosa and Pedro
Coutino of AlphaMicron, Inc., in Kent, OH,
received the Best Student Paper Award from
SID for their 2016 paper “High-Ambient-
Contrast Augmented Reality with a Tunable-
Transmittance Liquid-Crystal Film and a
Functional Reflective Polarizer.” See Fig. 1.

Seeking Solutions in Ambient Light
Sunlight readability is an obvious problem for
mobile displays and head-up display devices. The
displayed images can easily be washed out by
strong ambient light. Researchers at UCF have
been tackling this problem for decades, and the
issues have become even more challenging with
the emergence of AR and automotive displays.
Zhu’s team of graduate students at UCF,
under the direction of Wu, decided to tackle

Ambient light

nable transmittance
LC film

——s Eyeglass

. s Functional) reflective
polarizer

o > Polarized display light

Fig. 1: A tunable transmittance LC film and
reflective polarizer work together to create a
display that can react quickly to changes in
ambient light.

this problem with a “smart dimmer” and a
functional reflective polarizer. Wrote Zhu:
“Our LC film (we call it a smart dimmer)
works similarly to transition sunglasses (the
kind that automatically darken in response to
light). To develop it, we doped some dichroic
black dyes to our LC host. Without voltage,
the transmittance for unpolarized light is
about 76 percent. As the voltage increases, the
transmittance decreases gradually. At 8 volts,
the transmittance reaches ~26 percent.”

The new film’s transition time is only a few
milliseconds — much faster than that of transi-
tion glasses. For practical applications, Zhu
explained, a sensor can be added to the LC
smart dimmer. When the ambient light is
strong, the voltage will be turned on so that
the film darkens, reducing the transmission of
the high ambient light. If the ambient light is
weak, then no voltage is applied and the LC
smart dimmer will become highly transparent.

The team also developed a functional
reflective polarizer, which works to optically
combine the ambient light and the display
images. Similar to a polarizing beam splitter
(PBS), it transmits one polarization and
reflects the other. However, compared to a
PBS, it is smaller and its design process is
truly flexible. These features will help mini-
mize the thickness and weight of the optical
systems. Wrote Zhu: “We can design the
transmittance and reflection band of the
functional reflective polarizer for other alter-
native applications; one example we showed
in our paper is to help people with color-
vision deficiency.”

Overcoming Challenges

The most challenging aspect of this project
was to achieve a wider tunable transmittance
range, which required dye materials with a
higher dichroic ratio. With help from their
industrial collaborator, AlphaMicron, the UCF
researchers say they were able to get “the best
dichroic dye material on the market” and incor-
porate it into their device. “However,” wrote
Zhu, “we still need to increase the transparency
state to above 80 percent and the dark state to
below 10 percent. We need to develop better
materials and device approaches, especially
lightweight and conformal smart dimmers.”

As for developing the functional reflective
polarizer, the biggest challenge was tuning the
reflection band to mitigate color-vision defi-
ciency. The UCF group spent a great deal of
time evaluating commercially available prod-

ucts and comparing their performances to
provide direction and inspiration. They also
performed a number of simulations to deter-
mine the optimal reflection band. They are
still looking for an industrial company to
manufacture the functional reflective polarizer.

Zhu said his team realized it was making
potentially important discoveries when it
measured the transmittance and response time
of the smart dimmer and found out it had the
leading tunable transmittance range on the
market and was 100 times faster than com-
mercial transition glasses.

Real-World Applications

In the real world, the smart dimmer can be
used for all scenarios in which high ambient
contrast is required; for example, transparent
displays, smart watches, pilot goggles, efc.
Collaborator AlphaMicron is already commer-
cializing this technology for ski goggles. As
for the (functional) reflective polarizer, it can
be used for scenarios in which polarization
recycling is required, such as display back-
lighting. At the same time, the reflective
polarizer can be used as an optical combiner
for optical see-through systems. Moreover, by
carefully designing the transmittance curve of
the functional reflective polarizer, the sensor
can help people with color-vision deficiency.

When these two components are combined,
they should be an excellent match for aug-
mented-reality systems, wrote Zhu. He added
that the team is also trying to incorporate the
technologies in other applications, such as
transparent displays.

Another future direction involves dividing
the smart dimmer, a single-pixel device, into
several segments so that it can be used to
selectively dim a bright area locally without
affecting the see-through aspect of surround-
ing or adjacent areas. For example, when a
user is driving into the sun, just the bright area
of the automotive see-through display could
be dimmed while the high transmittance is
retained for the rest of the field of view.

Ruidong Zhu received his B.S. in electronics
science and technology (optoelectronics) from
Harbin Institute of Technology, Harbin,
China, in 2012. He is currently working
toward a Ph.D. at the College of Optics and
Photonics at the University of Central
Florida. From 2014 to 2015, he served as

the president of the IEEE Photonics Society
Orlando student chapter.
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The V30 is sheathed front and back in
tempered glass that curls around its edges.
It weighs only 158 grams, which LG claims
makes it the lightest smartphone in existence
in the 6-inches-and-over category.

Swww.theverge.com/2017/9/14/16306244/
apple-iphone-x-design-notch

Fig. 3: The LG V30 incorporates LG's own
plastic OLED (P-OLED) touchscreen display.

LG and Samsung Invest €25

Million in CYNORA

CYNORA, a developer of organic emitting
materials for OLED displays based on ther-
mally activated delayed fluorescence (TADF)
technology, recently announced that LG
Display and Samsung Venture Investment
Corp. were investing a combined €25 million
in a Series-B financing round to support the
German company in the development of a
full-color portfolio of organic-emitting
materials for AMOLED displays. (This is
not the first time both display powerhouses
have invested in the same TADF technology;
in 2016, both companies, as well as Japan
Display/JOLED and several Japanese venture
capital funds, participated in a $13.5 million
Series A round of funding for TADF developer
Kyulux.)* Going forward with CYNORA, LG
and Samsung will establish separate develop-
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ment efforts to assist with CYNORA’s R&D,
according to OLED-Info.’

With its TADF technology, CYNORA
claims it will be able to commercialize the
first high-efficiency blue-emitting material on
the market. Blue is currently an elusive and
sought-after material among OLED display
makers. High-performance blue materials will
enable a significant reduction of power con-
sumption and allow higher display resolution.

According to Gildas Sorin, CYNORA’s
CEO, these investments validate the impor-
tance of his company’s materials to the OLED
display industry. Said Sorin in a press state-
ment: “CYNORA will work in close collabo-
ration with LG and Samsung to support their
respective activities. The cash injection will
also be used to strengthen our worldwide
presence as a supplier of high-efficiency emit-
ting materials. We will commercialize our first
blue product by the end of 2017, followed by
green and red.” (Information Display inter-
viewed CYNORA CMO Andreas Haldi for
the November/December 2016 issue.)

‘www.prnewswire.com/news-releases/kyulux-

inc-announces-135-million-series-a-financing-
and-acquisition-of-large-oled-patent-portfolio-
from-kyushu-university-300247016.html
Swww.oled-info.com/tags/cynora

LG Invests in OLED Fabs

LG Display is wagering heavily on OLEDs,
as underscored by its recent investment of
KRW2.8 trillion into a Gen 10.5 (2,940 mm x
3,370 mm) OLED production line at its P10
plant in Paju, Korea. The obvious use for a
Gen 10.5 line is OLED-based TVs. The com-
pany will also invest KRWS trillion in a new
Gen 6 (1,500 mm x 1,850 mm) plastic OLED
(P-OLED) production line in Paju.

According to LG, its Gen 10.5 OLED pro-
duction line will be the first of its kind in the
world. The size of mother glass produced in
10.5-generation production lines is 1.8 times
larger than that in Gen 8 generation produc-
tion lines.

LG does note that it will only begin mass
production of OLED TVs after stabilizing the
technology for producing extra-large panels
and oxide backplanes for the mother glass,
and determining which size large-TV panels
are most desired in the marketplace.

guest-editorial

continued from page 4

is based on the retina’s primary daylight
viewing receptors (cones) being densely
concentrated in a very narrow region, called
the fovea. From the fovea, the cones con-
tinuously scan the scene through rapid eye
movements called saccades to build a full-
scene representation over time. So, at any
particular moment, the front end of the human
visual system is only capturing a small high-
resolution image spanning a few degrees of
visual field.

This foveated capture is the inspiration for
efficient ways to render a rich world image to
the single user of an HMD through the use of
a set of techniques called foveated rendering.
These techniques employ knowledge of the
user’s eye movements to deliver high-resolu-
tion imagery for only the specific region of
interest.

The second article in this issue, “Foveated
Pipeline for AR/VR Head-Mounted Displays”
by Behnam Bastani ef al., provides an
overview of the foveated rendering and
display processing algorithms and architecture
needed to deliver perceived high-fidelity
images to the viewer using knowledge of
where she is looking. These algorithms and
architecture need to efficiently align with the
compute and thermal constraints of mobile
processing to enable the goal of delivering
great virtual and augmented experiences to
the user as she roams freely.

With efficient and practical light-field
display architectures and the associated
rendering pipelines coming together, we can
anticipate the beginning of the era of light-
field display systems. Perhaps there is an
Olympics or World Cup in the not-too-distant
future that will be experienced by billions of
users all over the world as if they are actually
there.

Nikhil Balram is head of display R&D for VR
and AR at Google. He is an SID fellow and
Otto Schade Prize winner. He can be reached
at nbalram1@hotmail.com.
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