
























































frontline technology

Fig. 4: Compare the thermal pattern of a human hand imaged on a thermochromic fabric
(right) to a thermal camera image of the same hand (left).?

to exhibit their fashion function. In this exam-
ple, the color patterns of the tie change with
changes in temperature, creating a chameleon
effect (Fig. 5).2

Liquid Crystals/Polymer Cores/Sheath
Fibers

Additionally, fluid liquid crystals can be
embedded in fibers as a continuous liquid-
crystal core surrounded by a polymer sheath.
With the core/sheath structure, the polymer
sheath protects the liquid crystals from harsh

Fig. 5: In a fashion application, a tie is
coated with thermochromic liquid-crystal
capsules.?®
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environments. The fiber structure and large
surface-area-to-volume ratios place the liquid
crystals in intimate contact with the external
environment, increasing their sensitivity and
response to changes in temperature?>?° and
chemical vapors, etc. Direct incorporation
of liquid crystal within polymer fibers was
studied first by Lagerwall, et al.,’! by using
coaxial electrospinning, and then by West,

et al.,* by using single spinneret spinning
and relying on spontaneous phase separation
during the spinning process. By varying the
working parameters during the spinning
process,*>34 the morphologies of resulting
fibers can be tuned between a beads-on-a-
string structure and a uniform tubing structure
(Fig. 6).

By spinning a solution containing a
polymer and a temperature-sensitive chiral-
nematic liquid crystal, non-woven liquid-
crystal fiber mats can be obtained. The result-
ing fibers with different morphology show
thermochromic response to changes in
temperature as well (Fig. 7).

Instead of printing different thermochromic
capsules in patterns on a black fabric, as
shown in Fig. 4, we can fabricate complex
fabrics by utilizing multi-spinning [Fig. 8(a)].
This produces fiber mats consisting of multi-
ple fibers containing different liquid-crystal
compositions.?S The multi-jet electrospinning
has been demonstrated as a 3D fabric printer
(Electroloom™) and used to create a fabric
for wearing. As shown in Fig. 8(b), using the
rotating drum as a collector, the resulting
fibers can be aligned and uniformly distrib-
uted. Importantly, the resulting hybrid fiber
mats also possess enhanced capacity to
respond to a variety of stimuli, since they
contain different liquid crystals.

Applications

We are at the infancy of the development of
responsive liquid-crystal fibers. We anticipate
many applications of responsive liquid-crystal

Fig. 6: These are examples of SEM images of liquid crystal/polymer fibers with different
morphology — beads-on-a-string (left) and uniform core/sheath (right) fibers.




Fig. 7: Microscope images show how liquid-crystal fibers respond to temperature by reflecting

different colors.

fabrics and garments. The simple thermo-
chromic fabric or garment may be worn on
specific body parts of a patient. This may
provide the first “killer” application as an
effective medical diagnostic sensor that will
move the technology from the laboratory to

the marketplace. For example, a sock made
from these fabrics could provide an early
indication of foot ulcers in diabetic patients,>
a leading cause of complications and death
from this increasingly common disease.
Thermochromic fabrics could be fashioned

Fig. 8: In the multi-electrospinning set-up in (a), the spinnerets and rotating drum are moved or

driven by a separate motor, which can be controlled by a computer. In (b) is shown a polarized
microscopic image of aligned liquid-crystal/polymer fibers collected with the rotating drum.

into leggings worn by bedridden hospital
patients, providing nurses and doctors with a
quick, early warning of the development of a
life-threatening thrombosis. As noted above,
the thermochromic fabrics could be included
in bandages to evaluate conditions of a devel-
oping infection and changes in blood circula-
tion. As with the evolution of the LCD, these
early, simple applications will undoubtedly be
followed by increasingly sophisticated chemi-
cal and biological sensors that provide a range
of visual, optical, and electrical outputs.

With Further R&D, the Potential Is
Huge

To summarize, this article points to potential
early applications of responsive liquid-crystal
textiles for use as medical sensors. It predicts
that these early applications will lead to more
complex wearable sensors. We discussed and
demonstrated that the next generation of
liquid-crystal devices will be wearable and
will exploit their sensitivity to thermal,
chemical, and biological stimuli. This evolu-
tion requires a rethinking of how liquid-
crystal devices are designed and fabricated.
Incorporating liquid crystals into fibers,
fabrics, and garments places the materials in
contact with the external environment.
Specifically, we reported the fabrication and
performance of thermochromic fabrics that
incorporate liquid crystals, either as micro-
capsules bonded to the fiber surface, or as
coaxial fibers consisting of a liquid-crystal
core surrounded by a polymer sheath. Such
fibers and their assembly are as flexible and
breathable as conventional fabrics.

Much research and development remain for
our vision to become a reality. For example,
the specific binding agents must be incorpo-
rated in the polymer sheath if we are to pro-
duce fibers that respond to specific chemicals
or biological agents in the environment. We
must also increase the durability of the fibers
by crosslinking the polymer sheath and by
utilizing thermally wide and chemically
stable liquid-crystal formulations.
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making displays work for you

New Polymer Materials Enable a Variety
of Flexible Substrates

The Pylux family of polysulfide thermosetting polymers (PSTs) has been developed
to enhance manufacturing options for a wide range of flexible displays and electronics.

by Tolis Voutsas, Radu Reit, Adrian Avendano, David Arreaga,

and John Dupree

T{E flat-panel display industry has made
a remarkable journey since its beginnings in
the early 1980s. Continuous improvements in
materials, processes, and device technologies
have rapidly transformed clunky, power-hungry,
and inelegant early displays to thin, high-
resolution, brilliant, and aesthetically pleasing
panels that have completely transformed the
way we communicate and interact.? All this
has been accomplished with the same funda-
mental form factor, consisting of an essentially
rigid display surface. Overcoming this con-
straint has been the focus of intense R&D
work, almost since the very first days of flat
panels, to enable new and innovative flexible
form factors.>* According to the 2016 THS
Market Tracker, the market for flexible displays
is expected to grow to $26 billion by 2023.3
The most stubborn technical challenge of
making a flexible display has been finding a
suitable substrate material. Beyond the obvi-
ous requirement of being flexible, the sub-
strate must satisfy a combination of several,
often conflicting, physical properties while at
the same time allowing ease of manufacturing
and low cost to display fabricators. Over the
years, different types of flexible substrates
have been developed and evaluated, including

Tolis Voutsas, Radu Reit, Adrian Avendano,
David Arreaga, and John Dupree are with
Ares Materials, Inc. Voutsas can be reached at
tolis@aresmaterials.com.
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inorganic materials (thin metal foil,® thin
glass”®) and organic materials (polyimide or
PI). In terms of organic materials, polyimide
has become, by default, the current industry
standard, primarily due to its operating tem-

perature range and the sheer amount of
research that has been done to fit it into pilot
manufacturing.

The comparison in Table 1 of various
flexible substrates that have been adapted to

Table 1: Comparison of substrate materials for flexible displays

Property Thin Glass

Operating Temperature' Good
Transparency Excellent
Surface Roughness Excellent
Colorless Excellent
Weight” Not Good
Ruggedness Not Good
SmallROC" Not Geod

Release from Carrier Costly
Product Scalability™ Unclear
Cost Expensive

(1) The maximum temperature the substrate can be exposed wi
[2) Forthe same thickness.

(3

Refers to ability to withstand impact without damage.
(4) ROC=Radius of Curvature {typically need <0.5mm for various
(5) Laser-Lift-Off (LLO) process is used to release flex substrate f

which is a very expensive and defect-prone process.

6 Refers to the maximum size display that can be made on the

Thin Metal Foil Polyimid
Excellent Good
(Not transparent) Not Good
Not Good Not Good
(Not transparent) Not Good
Not Good Excellent
Excellent Excellent
Not Good Excellent
Costly Costly
Unclear Limited
Unclear Expensive

thout degradation,

flexible embodiments),

rom rigid carrier,

flex substrate.

Currently, on Pl the display size is limited to ~6" diagonal mostly due to defect density during release

0362-0972/4/2017-022$1.00 + .00 © SID 2017



flexible display manufacturing indicates that
there is no one ideal substrate option, even
though substrate materials themselves repre-
sent a lucrative $1 to $2 billion market.
Substrates are still dominated by outdated
materials, some of which date back to the
1930s and 1950s. Part of the problem is that
incumbent providers are large, entrenched,
and not incentivized to innovate, since
innovation would cannibalize their existing
market. They are therefore committed to
incremental changes within existing technol-
ogy platforms. The result is a gap between
what existing material systems can deliver
and what the display industry needs to create
new product categories.

To help close this gap, the authors’ company
developed the Pylux family of polysulfide
thermosetting polymers (PSTs). The PST
family is the culmination of more than 10
years of research at the University of Texas
at Dallas, initially around novel materials for
neural interfaces. These devices, which
intimately contact the central and peripheral
nervous system, undergo many of the same
stringent thermal and chemical processes as
displays during their photolithographic defini-
tion (e.g., high-temperature PECVD for SiN,
encapsulation layers, wet-etch protocols, lift-
off processing, efc.). After successfully build-
ing devices for neural interface applications,
the team discovered that those materials had
applications beyond biomedical implants, not
the least of which was offering substrate
options to the global display industry. The
development and commercialization of PSTs
for the flexible electronics space provided the
impetus around which the company, Ares
Materials, was founded in 2014.

PST Characteristics

PSTs have been formulated precisely for the
needs of the flexible electronics industry. The
polymer resin can be die-coated or spin-casted
at the target thickness and then cured to form
a solid film. Its formulation process does not
use solvents, which provides for significant
cost savings for display manufacturers in
terms of process time (less curing time), and
raw materials costs. Lack of solvents also
translates to a safer and greener process.

The resulting solid film is colorless, with high
optical transmission (>90% in 450-nm to
800-nm range) and an extremely smooth
surface (<0.5-nm surface roughness). This
low surface roughness is another key advan-

Fhour process

Fig. 1: The preparation process for Pylux is shown at left, and that for polyimide substrates is

shown at right.

tage, as it eliminates the need for a surface
planarization layer prior to microfabrication
of electronic devices and circuits. Figure 1
compares the fabrication process for PST and
PI film.

PST films not only have much lower cure
stress than polyimide, but the development of
special release layers allows for easy detach-
ment of the film from the underlying carrier
using only a mechanical process. This has two
distinct advantages over other methods: It
eliminates the need for laser-liftoff (LLO),
which is a capital-intensive and relatively
slow process, and it significantly improves
release yield by reducing the occurrence of
potentially catastrophic defects during the
release process. As a result, both manufactur-
ing cost and manufactured product size can be
significantly improved.

Polyimide substrates are solution cast from
precursor poly(amic acid) solutions, wherein
solvated poly(amic acid) is coated onto the
mother glass carrier and baked to remove the
high solvent fraction (> 80%). Next, further
baking of the dried poly(amic acid) is care-

fully performed under inert atmospheres to
imidize the film and set the final polyimide
film. In contrast, PST resin is dispensed onto
the mother glass carrier using similar coating
techniques (e.g., slot-die coating), where the
zero-solvent system can convert the wet film
completely to a dry film. Additionally, the
material can be converted to the final film in
an ambient environment via ultraviolet curing
or thermal curing at temperatures below
250°C. PST films show excellent thermal sta-
bility up to temperatures of 300°C, with no
evolved sulfur species that may interact with
subsequent thin-film layers. Processes for
both Pylux and PI are diagrammed in Fig. 1.
Table 2 summarizes various key properties
for PST films. Since most flexible substrates
in use today are made from clear polyimide
(CPI), CPI-equivalent parameters have been
included when available.! It is important to
note that PST’s glass transition (Tg) and co-
efficient of thermal expansion (CTE) are quite
different from the equivalent parameters for
typical display-grade polymers. While PST
films have a higher Tg and CTE compared to

— Pylux
= Pl

Log Modulus

Temperature

w— Pylux
—P|

f

Thermal Stress

Temperature

Fig. 2: (a) A log-linear example plots Young's modulus vs. temperature for Pylux and general
polyimides, with thermal degradation temperatures represented by Xs. (b) Total thermal stress
in thin films deposited atop each substrate is shown as a function of temperature.
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Table 2: Pylux and clear PI are compared in terms of key properties’

Category Property Pylux™ Clear PI
Cure Temp (°C) 23 =300
Surface Roughness (nm) <0.5 <10
Mechanical Tensile Modulus (GPa) 2 3-6
Tensile Strength (MPa) 50 130 - 250
Elongation (%) 10
Tg(°C) 55 >330
Tmax (°C) 300 450
Thermal CTE (50-250°C) (ppm/*C) 150 <15
1% Weight Loss (°C) 275
300°C/3 hr Weight Loss (%) 4
Total Transmittance @ 400-800nm (%) =90 =88 (at 550nm)
Haze (%) 0.46 <1
Optical Refractive Index 1.544 1.7
Birefringence @ 633nm (nm/cm) 42 nm/cm 8x10
b* (measure of yellow index) 3.23 5-12
Resistance to common acids Excellent resistance | Resistance reported
Chemical and solvents (10-30 min at RT) but may nged
extra coatings
Special Planarization Needed No Yes
Manufacturing Method to Release from Rigid Carrier | Mechanical Lift-off LLO
Refractive Index X1 X3

(1) Kolon's CPI material: hitp:/fwww.fuentek.com/technologies/CPI/#techdet

{2) http:/fwww.brewerscience.com/uploads/publications/2003/sm_spie_osd_paper.pdf

{3) Data for Pl (not CPI)

(4) See: CP. Yang and ¥.¥ Su, Polymer, vol. 46, pp. 5797-5807, 2005.

currently used substrates for flexible electron-
ics, these parameters actually comprise the
principle used to allow PST to introduce
lower stresses related to thermal-cycling thin
films deposited atop it. The primary mecha-
nism behind this stress reduction is related to
both the lowered Young’s modulus (E) of PST
throughout the entire deposition temperature
range and to the Tg that further reduces the
modulus another two orders of magnitude at
the low temperature of 55°C.

Often-cited examples for understanding
thin-film stresses that accumulate in multi-
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layer structures include the original Stoney
formula for bi-material strips, as well as the
countless modifications and expansions of this
initial formula.'"'” In these calculations, the
total stress observed by a thin-film (cf) for
two substrates of equal dimensions reduces to
a direct proportionality between the thin-film
stress and the Young’s modulus of the sub-
strate (of « Es). As shown in Fig. 2(a), this is
reflected by the low Tg and lowered glassy

E of PST. Effectively, this translates to a low-
ered buildup of thermal stress in the thin films
deposited atop the substrate material [Fig. 2(b)],

where despite the higher thermal stress-ramp
rate close to Tg for PST, the transition from
glass to rubber allows for a more attenuated
thermal-stress buildup at temperatures subse-
quent to the Tg. While this is only a brief
overview of the mechanics under which the
PST operates to accommodate mechanical
mismatch with a variety of thin-film materi-
als, the explanation serves as a good starting
point for exploring the use of alternative sub-
strates for flexible electronics.

Figure 3 summarizes the operating temper-
ature range for PST and several other types
of polymer substrates. Despite its lower maxi-
mum temperature (e.g., as compared to PI/
CPI), PST is the only material that shows no
observable mechanical mismatch over its full
operating temperature range. The lower maxi-
mum temperature that PST can be exposed to
(~300°C) vs. that of PI/CPI (~400-450°C)
means that it is not suitable for current LTPS-
TFT processes. However, current industry
trends point toward the eventual adoption of
oxide-TFT processes to reduce array manu-
facturing costs. Since oxide-TFT fabrication
can be accomplished at a temperature range
that is compatible with PST,'®2! PST will not
only be a very desirable substrate option for
oxide-based flexible displays, but its very
availability should spur market evolution to
oxide TFTs. Moreover, the combination of
superior dimensional stability, low stress, and
excellent adhesion also provide a compelling
case for the penetration of PST into the
emerging area of OTFT (organic TFT)-based
flexible arrays.”? The data in Table 2 also
highlight the excellent optical characteristics
of PST beyond transparency, such as low
haze, very low birefringence, and low yellow
index. These reveal another host of front-
plane applications for PST that are difficult
(or impossible) to access by competing
material solutions (e.g., CPI) due to inferior
characteristics and/or high cost. Figure 3
shows critical temperature details for various
polymer substrate materials.

Examples of PST Applications

Figure 4 summarizes some of the possible
applications of PST material in LCD and
OLED stacks. Based on its combined optical,
mechanical, and thermal properties, PST will
be able to provide material solutions for the
TFT substrate, color filter substrate, touch
sensor substrate, cover lens, and OCA.
Currently, Ares is working with various



partners to test and optimize the PST material
for these applications. We have already fabri- Sermi-Crvstaliing  THarmioplastics®
cated IGZO-TFT on PST and compared its Thermc?gnl astics N
performance to that of control devices on R S

silicon substrates (Fig. 5). The thin-film tran- 500%¢ 7 —

sistors were fabricated on PST at a maximum e
processing temperature of 250°C. Mobilities preyvam
of IGZO transistors (W = 100 um; L = 40 um)
on PST substrates were an average of 9.1 cm?/
Vs, compared to 9.5 cm?/ Vs for those directly
on Si wafers. Similar on-voltages (0.2 V vs.

—0.6 V) and subthreshold swings (280 mV/dec — <

vs. 293 mV/dec) were also observed when Thermal stress

comparing transistor sets on PST substrates ki Ll

vs. those on silicon. The close similarity 100°C — 1o Isotherm Max
between the performance characteristics of =

devices fabricated on PST and those of IGZO-
TFTs fabricated on Si carrier wafers validates
the compatibility of PST with standard IGZO HS PE HEPEN  Polyimide Pylux™
fabrication facilities and process flow. Using
our proprietary mechanical release method
and release layer, we were able to ensure that Crystalline melt
the IGZO-TFT characteristics remained stable
even after the release of the PST substrate
from the rigid carrier.

Although PST was originally formulated
for sheet-to-sheet processing, Ares has also
been developing roll-to-roll capabilities.
Recent work done in collaboration with a
third party provides evidence that PST is
capable of rapid photo-curing (<10 s) and can
be implemented in a web configuration. We P |
are also engineering the basic polymer mate- r y LIX P
rial to exhibit an increased Tg, which elimi-
nates the need for support liners during web

== Degradation on set, T,
== Glass transition, T,

Thermoset

300°C —

Temperature

E

— e

Fig. 3: Critical temperatures for various polymer substrate materials are compared.

in the broader space of flexible and printed
4 — -
clectronics. — —
Polarizer Encapsulation

PST Materials Are Poised for a Variety
of New Applications

The display industry requires new flexible
substrate materials with superior optical,
mechanical, chemical, and thermal properties l B }
that can provide solutions for various display - N
layers, including the TFT substrate, color

filter substrate, touch sensor substrate, cover ey Value propesition
lens, and OCA. Our PST materials have izt
been formulated with these properties, with
expected commercial pricing of net realized
material that falls below the current range for
high-performance PIs. The PST can be die-
coated or spin-casted at the target thickness
and then UV-cured to form a solid film. We
have already developed a mature sheet-to- Fig. 4: Potential PST applications for both AMLCD and AMOLED display stacks are indicated
sheet process for this material and are in with arrows.

Color Filter glass Cathode

Organic light emitting diodes

T
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o rIG_ZO’_I'FT.', on Pylux™ + Si Carrier
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1E-11
112
1E-13 S
1£-14

Ips (A)

IGZO TFTs on Si_ Catrier_

i - 1605

W=100 um
| L=4Opum 1606
Vpu=0.2V 1607
1608

1E-09
1E-10
1E-11
1E-12
1E-13
1E-14

Ios (A)

% N=36

Fig. 5: At top left are I-V curves for IGZO-TFTs on PST formed on a rigid Si carrier. At top
right are I-V curves for IGZO-TFTs on a rigid Si carrier. At bottom is a 100-um PST with

IGZO-TFTs after release from a rigid Si carrier.

on-going development for a qualified roll-
to-roll process.

The company is currently working with
over a dozen partners around the world to test
and optimize our material for the display and
non-display applications noted above. We are
completing larger display testing (Gen 2 or
larger), and have also successfully achieved
our first 10x scale increase in the polymer
production process, with additional produc-
tion scale leaps anticipated for later this year.
Commercial production is scheduled to com-
mence by the end of 2017.

Note

Pylux refers to the PST family of polymer
materials and is a registered trademark of Ares
Materials, Inc.
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Impact Factor increase

In June, the 2016 Journal Citation Reports
(Clarivate Analytics, 2017) were
published. JSID’s Journal Impact Factor
has gone up by 42% and is now at 0.877.
Our aim is to continue this trend in the
coming years.

JSID Awards

The JSID Best Paper Award 2016 goes
to: Human visual perception-based
localized backlight scaling method for
high dynamic range LCDs | Jae Sung
Park et al. | DOI 10.1002/jsid.458

s
.

/
Jae Sung Park

Ruidong Zhu

The JSID Outstanding Student Paper
Award 2016, generously sponsored by LG
Display, goes to: High-ambient-contrast
augmented reality with a tunable
transmittance liquid crystal film and a
functional reflective polarizer | Ruidong
Zhu et al. | DOI 10.1002/js1d.427

Editorial Board updates

Frank Rochow and Han-Ping Shieh have
retired from the Board. We are extremely
thankful for their years of excellent
service. Four new Associate Editors have
recently joined the board: Pengda Hong,
Chuan Liu, Dirk Hertel and Abhishek
Srivastava.

Expanded Distinguished Papers of
Display Week 2017

As of this year, all Distinguished Papers
(DP) of the SID Symposium have a peer
reviewed expanded version published in
JSID. In fact, passing peer review is now a
prerequisite for achieving the DP status,
adding to the importance of the recognition
and increasing the worldwide visibility and
availability of these papers.

A virtual JSID issue containing the 20
Expanded Distinguished Papers is openly
accessible until December 31* at
http://tinyurl.com/edpdw17.

Highlighted recent papers

Power saving through state retention in
IGZO-TFT AMOLED displays for
wearable applications | Soeren Steudel et
al.| DOI: 10.1002/jsid.544

By using an IGZO thin-film transistor in a
flexible active-matrix organic light-
emitting diode display and leveraging the
extremely low off current, we can switch
off the power to the source and gate driver
while maintaining the image unchanged for
several minutes. Depending on the image
content, low-refresh operation yields
reduction in power consumption of up to
50% compared with continuous operation.

Efficacy of global dimming backlight
and high-contrast liquid crystal panel
for high-dynamic-range displays | Mina
Choi and David M. Hoffman.| DOI:
10.1002/js1d.549

500

&
=
=]

g &

b
i=3
(=]

Backlight Luminance

30 a0 50 60 70 80 90
Frame Number

We evaluated the visual quality of
challenging high-dynamic-range content
with dramatic brightness changes
presented on global dimming displays and
how they compare with local dimming
displays. We demonstrate that high native
panel contrast allows most content to be
shown with minimal artifacts associated
with dynamic backlight control.

Fully-integrated active matrix
programmable UV and blue micro-LED
display system-on-panel (SoP) | Ke
Zhang et al.| DOI: 10.1002/js1d.550
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Micro-LEDs have been developed for
more than a decade by Prof. Zhaojun Liu's
group. We report a fully integrated active
matrix programmable micro-LED system
on panel (SoP) with ultraviolent (UV) and
blue emission wavelengths. The micro-
LED SoP has a resolution of 60 x 60 and
pixel pitch of 70 um with fully integrated
scan and data circuits.
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Subscription fees apply, but SID members
and student-members have free online
access via sid.org/Publications.aspx
Many universities also have an institutional
subscription.
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mc.manuscriptcentral.com/sid

Author guidelines can be found on the
Journal’s homepage at Wiley Online:
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Editorial board: tinyurl.com/jsideb.
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market-centric events, there are the educa-
tional opportunities and display industry
support activities — all those “soft” activities
that are difficult to quantify for the bottom
line. The short courses, seminars, forums,
standards meetings, and other events provide
an invaluable service to the display commu-
nity by making space for learning and build-
ing the infrastructure necessary for the future
of the industry.

As a volunteer over the years, I’ve had the
unique privilege to peer “under the hood” at
some aspects of SID’s business and confer-
ence formation, as well as its display stan-
dards support. There are the usual eccentric
personalities to contend with and struggles to
get volunteers to follow through on commit-
ments, but all in all, I’ve had a great time,
learned a lot, and made some very valuable
friendships. These are some of the most
exceptional and talented people | have ever
spent time with. | have worked with many
(some at multiple companies), served booth
duty with them, been their customers, written
papers with them, and traded war stories with
them. | have given and received job leads.
| appreciate those relationships formed over
time, even though | see my “SID friends” only
once or twice a year. | remember fondly the
ones who have passed on, and take comfort
with those who remain.

So take this as a personal recommendation
from me. If you didn’t attend Display Week
this year, start planning your strategy to get
here next year. Get involved with SID at the
local level; volunteer; write and submit good
papers; take advantage of the learning oppor-
tunities; and attend the seminars, the sympo-
sium, and the exhibition. Above all, make
friends for a lifetime.

Pixels, Pixels, and More Pixels
By Achin Bhowmik

CL ow many pixels are really
H needed for immersive visual
experiences with a virtual reality
(VR) head-mounted display (HMD)?” This
was one of the most frequent questions | heard
during and after the short course | taught at
this year’s Display Week.

So | thought | would reflect on this a bit,
and point to some recent developments and
trends in the display industry as gleaned from
the presentations and demonstrations at this
year’s event.

First, let’s consider some basic, back-of-
an-envelope math and calculations. Here are
some facts related to the human visual system.
An ideal human eye has an angular resolution
of about 1/60th of a degree at the central vision.
Each eye has a horizontal field-of-view (FOV)
of ~160° and a vertical FOV of ~175°. The two
eyes work together for stereoscopic depth per-
ception over ~120° wide and ~135° high FOV.

Since the current manufacturing processes
for both liquid-crystal displays (LCDs) and
organic light-emitting diode displays (OLEDSs)
produce a uniform pixel density across the
entire surface of the spatial light modulators,
the numbers above yield a whopping ~100
megapixels for each eye and ~60 megapixels
for stereo vision.

While this would provide perfect 20/20
visual acuity, packing such a high number of
pixels into the small screens in a VR HMD is
obviously not feasible with current technolo-
gies. To put this into context, the two displays
in the HTC Vive HMD contain a total of 2.6
megapixels, resulting in quite visible pixila-
tion artifacts. Most course participants raised
their hands in response to a question about
whether pixel densities in current VR HMDs
were unacceptable (I suspect the rest agreed
but were too lazy to raise their hands!).

Even if it were possible to make VR dis-
plays with 60 million to 100 million pixels,
other system-level constraints would make it
impractical. One is the large amount of graph-
ical and computational resources necessary to
create enough polygons to render the visual
richness to match such high-pixel density on
the screens. Next, the current bandwidth capa-
bilities cannot support the transport of such
enormous amounts of data among the compu-
tation engines, memory devices, and display
screens, while at the same time meeting the
stringent latency requirements for VR.

So ... is this a dead end? The answer is a
resounding “no!” Challenges such as these are
what innovators and engineers live for! Let’s
look at biology for some clues. How does the
human visual system address this dilemma?

It turns out that high visual acuity for humans
is limited to a very small visual field — about
+/- 1° around the optical axis of the eye,
centered on the fovea. If we could track the
user’s eye gaze in real time, we could render
a high number of polygons in a small area
around the viewing direction and drop the
number exponentially as we move away
from it. Graphics engineers have a term for

such technologies already in exploration —
“foveated” or “foveal” rendering. This would
drastically reduce the graphics workload and
associated power consumption problems.

Clearly, we are still in the early days of VR,
with many challenges remaining to be solved,
including presenting adequate visual acuity on
displays. This is an exciting time for the dis-
play industry and its engineers, reminiscent of
the days at the onset of revolutionary display
discoveries for high-definition televisions
(HDTVs) and smartphones.

How About a 40-Megapixel
Smartphone?

By Stephen P. Atwood

n an excellent keynote address at Display

I Week, “Enabling Rich and Immersive

Experiences in Virtual and Augmented

Reality,” Google’s Clay Bavor discussed
several aspects of his company’s strategy to
develop immersive VR/AR applications and
enabling hardware. Google has rather firmly
focused its efforts on an architecture that
utilizes commercially available smartphones.
Though Bavor mentioned dedicated VR head-
set development and showed one image of a
notional device, overall the company is con-
centrating on making smartphones work for
VR applications.

There are challenges, including latency and
resolution. Latency creates a discontinuous
experience during head movement, and
resolution limitations create effects similar
to having poor vision in real life. Both of
these challenges can be addressed, as Bavor
explained, but what really got my attention
was his announcement that Google and an
unnamed partner have developed a smart-
phone display with 20-megapixel resolution
per eye! That’s presumably at least a 40-
megapixel total display, and it’s OLED-based
as well. That’s the good news.

The bad news is that in order to supply
content to that device at the required frame
rates of 90 to 120Hz, the raw data stream
approaches 100 gb/sec. Yikes! That’s not
going to happen tomorrow, although high-
performance video data compression is
quickly becoming an option. This is described
in the May/June issue of Information Display,
which features the article “Create Higher
Resolution Displays with the VESA DSC
Standard.” Maybe that’s a path forward.

Google’s path forward is to discuss what it
calls “foveal rendering,” which basically uses
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Q&A with Dick McCartney of Pixel Scientific

ID magazine interviews Dick McCartney, CEO of Pixel Scientific, a company with a new
name and a rich heritage. Until recently, Pixel Scientific was Tannas Electronic Displays,
founded in 1999 by display visionary and pioneer Larry Tannas. In late 2015, McCartney
and fellow investors bought the company from Tannas, and are carrying on with its custom
display-sizing technology and license portfolio management, while also branching out to new
areas. Before acquiring Pixel Scientific, McCartney was director of technology creation for
Samsung Display in the US. He is a fellow of SID and has held many offices within the
Society for Information Display, including general chair and program chair.

Based on written commentary by Dick McCartney
and interview conducted by Jenny Donelan

Information Display:
What’s the history behind Tannas Electronic Displays and Pixel
Scientific?

Dick McCartney:
About 18 years ago, Larry Tannas [founder of Tannas Electronic
Displays] realized that he could serve a need that had emerged for
custom-sized LCDs. Quality LCDs were only being made oft-
shore — there wasn’t an adequate domestic supply — and this was
a big concern at the time for the US military. Larry came across
a cracked LCD that still worked on one side of the crack. As he
thought about why it would still partially work, the seeds of
invention were planted. He began to envision that one way to
obtain special-sized displays was to excise a smaller display
from a bigger one, and this approach enabled his custom-sized
remanufacturing.

Customers need custom-sized or special-sized displays for
various reasons. At the heart of our business is the fact that LCDs
are very expensive to make. They require billion-dollar factories,
and the very high start-up costs for a new design must be amor-
tized over a long run. So LCD companies generally only make
high-volume displays, which largely go to the consumer electronics
market: TVs, monitors, tablets, phones, and notebooks. It’s from
that base, then, that we obtain those “blanks,” as do our licensees.
That’s how we can furnish a relatively lower volume and substan-
tially higher value for industries including aviation and aviation

simulation, the digi-

Jenny Donelan is the editor in chief of tal signage market,
Information Display Magazine. She can be the medical market,
reached at jdonelan@pcm411.com. and others.
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There aren’t many other companies that do this, are there?

We have the basic patents, but we have created a significant
industry through licensing of that intellectual property. So no,
not very many, but there are a handful of licensed companies
throughout the world, including several in Asia and Europe as
well as the US. All of our licenses are limited in some way,
either into specific applications or geographies, or for embed-
ding into a company's own system-level products. We are the
only company that can produce in all markets and geographies.

How did you become involved with the company?

Nearly all my career has been in displays in general and LCDs
in particular. I did some seminal work in LCDs in electronics,
optics, and LCD subpixel construction in the early 1990s while
developing LCDs for the Boeing 777 airplane. LCDs were not
at all ready for aircraft applications at that time, and we had
to invent several new technologies. Many of those have found
their way into consumer-market products today. Larry was
familiar with my background, and a few decades or so ago, he
invited me to teach a section in the LCD course he had organ-
ized through UCLA. Over the course of time, as his custom-
display business grew, Larry would contact me to see if I could
help him with special projects or to figure out something that
wasn’t working. So as a consultant, on nights and weekends,
I would work to identify solutions. I became very familiar with
the excising process and thought it had a lot of merit.

The opportunity came along to buy into the company when
Larry wanted to retire, and so I raised my own money together
with some from an investment group, and we purchased the

0362-0972/4/2017-0328$1.00 + .00 © SID 2017
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majority share of what was then Tannas

shoulders of an established company, but are

Electronic Displays, or TED. I became
CEO and renamed the company Pixel
Scientific. I also moved the company and a
key production technician from Orange
County in the LA area to a leased office
and factory in Scotts Valley, so we are now
part of Silicon Valley. We are a modestly
small company, with four direct employees
at the moment. But we have off-shore
contract manufacturing as well as contract
optical, electrical, and mechanical design
engineering and a cadre of consultants, so
we command a lot more individual effort
than we have directly employed. The con-
tract manufacturing and engineering has

looking forward with an entrepreneurial mindset.

ID: Interms of the immediate future, where
is LCD resizing most important now?
What’s the major market? And going
forward, what’s the focus for the diversi-
fication you mentioned?

DM: The dominant areas right now are in
digital signage, and that includes trans-
portation signage and the gaming indus-
try. It surprised me to learn how many
licensed displays are part of gaming
machines — all the machines you see in
Las Vegas, for example. Looking for-
ward, you also see a lot of displays in

really enabled us to take on more and new
business quickly. It also gives us the
opportunity to gradually grow the company
in a controlled and profitable way as we
choose what to bring in-house.

I think there’s a lot of opportunity going forward that I’'m
very excited about. As I look around the world of displays, it
isn’t shrinking but growing. There are a lot of opportunities that
do not have solutions yet, and I think that we’re gearing up with
new technology to bring solutions.

Is the corporate culture different from what you were used to?

I was previously with Samsung, and with National Semiconductor/
Texas Instruments before that. They were very large corpora-
tions where primarily my focus was in near- and long-term
research. I also worked for Honeywell in aerospace doing tech-
nology development, as well as having been part of three start-
ups, one of which was how I came to National Semiconductor.
So I have worked in both the start-up environment and for some
pretty large technology companies. I feel I know the benefits
and limitations of a small technology company. Large corpora-
tions have the staying power to spend what is needed to succeed
and survive a few missteps. Small companies like ours need to
invest frugally and be careful to stay focused on the right tech-
nologies. Although we are doing some of that longer-term
research right now at Pixel Scientific, it is certainly a different
environment than my large-company experience in that we are
closer to the customers and their immediate demands, and 1
personally am much closer to operations than I have been in the
past. Our plan, though, is to grow and position the company to
fully fund new advancements in display technology.

That is the history, or culture, if
you will, that we inherited, and it is

Dick McCartney

automobiles these days, and it’s becom-
ing very commonplace to see those
displays in forms other than rectangles.
We have made prototypes for automotive
concept cars, and that has given us some insight into that future.
So we are looking at technologies that enable those kinds of
opportunities.

The aircraft industry is particularly important to us. The
physical constraints of instrument panels make custom-sized
displays essential. We supply heavily into the aircraft simulation
space, and we have some displays flying on aircraft today. But a
growth area for us is in winning more flight displays. I believe
strongly that a properly engineered and manufactured, excised
LCD using our proprietary sealing process is as robust as any
custom designed LCD. Since the takeover, we have gained a
growing reputation for quality and depth of engineering and we
are getting the attention of avionics manufacturers. In fact, we
have won our first large-scale production program in avionics,
although it is with a standard-sized LCD and not custom sized.
But we have several opportunities in process, and I am certain
we will soon win a volume-order flight display opportunity with
a custom-sized display. We are taking the right steps. We have
added NVIS capability, heater glass, and anti-reflective cover
glass to our offerings in both flight and flight-simulation hard-
ware. Overall, the display industry is moving to new sizes and
new formats, and fitting into new spaces, and I think that’s
where our technology comes in.

In addition, as I said, we are not just a custom-sized-LCD
supplier. We are now a total-solution-display supplier, offering
whole modules. And this has allowed us to add value like high
brightness, better viewing angles, larger color envelopes, better

the strategy for our future success.
Technology companies large or small
cannot rest. That is why I chose to buy
the company and to leverage the core
competency we have into new compe-
tencies and new classes of display

“ Litigation is very expensive for both parties.
Often it is far better to create partners than
fight adversaries. 9

products. We are standing on the

Information Display 4/17 33



market insights

ID:

DM:

ID:

DM:

color matching, and other technolo-

gies. We have customers for whom we
offer both a standard display and a
custom-sized display for the same
flight deck, for example. Our business

“ Technology companies large or small
cannot rest.

b

is becoming much broader, and this is

a difference. TED focused exclusively

on custom sizes and was largely a service business. The
customer furnished the original display, and TED provided the
service of excising a smaller display from it in open cell form.
Certainly, the custom sizes and service are a core part of our
business, but we are now a display-technology supplier with
both custom-sized and standard-sized display products, which
is why we picked the name Pixel Scientific. We’re taking the
technology that we have, augmenting it, and pushing ourselves
into places where others couldn’t go before.

What is the size of the marketplace for resized LCDs, and what
are/have been the volumes?

It is a bit difficult for us to accurately estimate the size of the
worldwide market for our excised displays because we have
limited access to the businesses of several of our key licensees.
I can put a little perspective on it in terms of market size by
dollars. Keep in mind, though, that average selling prices can
vary substantially given other factors such as backlight bright-
ness and the ruggedizing needed for things like the outdoor
environment. But I estimate the aerospace simulator market is
about $6 million and flight displays are about $160 million.
Digital signage worldwide, including specialty displays like
those in gaming machines, is about $120 million and growing
rapidly. This growth has prompted some OEMs to introduce
what they call stretched displays, which are designed specifi-
cally for digital signage. The OEMs’ entry, first of all, only
helps expand the market, which is good, of course. But we and
our licensees are quite happy to buy a native display and add the
value of brightness and ruggedization to it. There are virtually
no customers in the digital signage market for open cells. All of
our licensees are providing custom modules. Excising allows
them and us to offer a broader range of sizes than otherwise
would be possible.

How many steps are involved in the LCD resizing process, and
what are the yields like?

Well, I can't really talk about yields other than to say that they
are quite high. The process is heavily automated at virtually all
of our licensees, certainly all that are doing large volumes. It
has to be automated to service the signage market. That auto-
mation assures consistency. Yield losses are much more related
to handling errors and equipment failures than variations in the
excise process itself.

As for the steps, I don't think I want to dive too heavily into
the details here, but I do want to separate out a few elements in
both the glass and the electronics. The largest part of what
determines at what column or at what row a display can be cut
is the location of the row and column drivers; you must go
between them, of course. But just that alone is not the whole
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story. A significant part of the effort can involve re-engineering
the attached circuit boards. If you are shortening a display,
generally you want to shorten the attached circuit board too.
That can involve a good bit of reverse engineering to determine
if and where to cut the board and how to restore functions that
would be lost in removing a part of the printed circuit board.
As the industry has gotten more sophisticated — moving to
multilayered boards, for example — techniques like X-raying

to map out traces are needed. Then techniques like designing

a custom flex board to reattach, say, the cut-away piece of the
circuit, but in a different place, are needed. So it isn't just about
cutting glass. It takes a good bit of competency in LCD elec-
tronics in order to produce a design.

In terms of the glass-cutting itself, there are some critically
important steps. The seal in particular is very important. The
LCD seal does a few jobs and the replacement seal needs to do
the same, as well as or better than the original seal. One of the
jobs is to keep oxygen, water, and other molecules out of the
liquid crystal. Another is to keep the liquid crystal in, of course.
But the seal also provides proper spacing between the glass
plates at the edge, as well as providing high compression and
tension strength (including adhesion strength) to maintain
integrity through pressure, temperature, and bending variations.
What's more, no air bubbles can be trapped inside the liquid
crystal in the sealing process. So the seal is a significant piece.
Our seal has survived the rigorous testing needed for flight
displays. That’s not easy.

Have your techniques had to change with different backlighting
or LCD technologies? Do they affect your processes?

They do. We have had to adapt to changes in backlighting and
also in the LCDs themselves. Things that are changing include
the display glass thickness and the cell gaps becoming thinner.
Techniques that worked before need refinement. The biggest
change in backlighting has been the move to LEDs. Beyond
those changes, at the mechanical level, subpixel electrodes are
getting closer together because of higher resolutions. This also
puts pressure on our technology because the feature sizes
require new precision and we have had to adapt. As we offer
whole modules, we need a custom-sized backlight too, and so
we have been developing our own backlights.

As I said, LEDs are the big disruption in backlighting, and
this works to our advantage, fortunately. LEDs make backlight
design much easier. We outsource a lot of that work at the
moment but are beginning to develop our own in-house capabil-
ity. We have a partnership in which we design our own wave-
guides, and through that relationship, we have access to custom
LEDs that emit in RGB bands rather than conventional white
LEDs, which are broad-spectrum sources. That means we can

(continued on page 38)
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SID 2018 honors and awards
nominations

On behalf of the SID Honors and Awards
Committee (H&AC), I am appealing for your
active participation in the nomination of
deserving individuals for the various SID
honors and awards. The SID Board of Direc-
tors, based on recommendations made by the
H&AC, grants all the awards. These awards
include six major prizes awarded to individu-
als, not necessarily members of SID, based
upon their outstanding achievements. The
Karl Ferdinand Braun prize is awarded for
“Outstanding Technical Achievement in, or
Contribution to, Display Technology.” The
prize is named in honor of the German physi-
cist and Nobel Laureate Karl Ferdinand Braun
who, in 1897, invented the cathode-ray tube
(CRT). Scientific and technical achievements
that cover either a wide range of display tech-
nologies or the fundamental principles of a
specific technology are the prime reasons for
awarding this prize to a nominee. The Jan
Rajchman prize is awarded for “Outstanding
Scientific and Technical Achievement or
Research in the Field of Flat-Panel Displays.”
This prize is specifically dedicated to those
individuals who have made major contributions
to one of the flat-panel-display technologies or,
through their research activities, have advanced
the state of understanding of one of those tech-
nologies. The Otto Schade prize is awarded
for “Outstanding Scientific or Technical
Achievement in the Advancement of Func-
tional Performance and/or Image Quality of
Information Displays.” This prize is named
in honor of the pioneering RCA engineer Otto
Schade, who invented the concept of the Modu-
lation Transfer Function (MTF) and who used
it to characterize the entire display system,
including the human observer. The advance-
ment for this prize may be achieved in any
display technology or display system or may
be of a more general or theoretical nature.
The scope of eligible advancement is broadly
envisioned to encompass the areas of display
systems, display electronics, applied vision
and display human factors, image processing,
and display metrology. The nature of eligible
advancements may be in the form of theoreti-
cal or mathematical models, algorithms,
software, hardware, or innovative methods of
display-performance measurement and image-
quality characterization. Each of these above-
mentioned prizes carries a $2000 stipend.

SID honors and awards nominations

Nominations are now being solicited from SID
members for candidates who qualify for SID
Honors and Awards.

KARL FERDINAND BRAUN PRIZE.
Awarded for an outstanding fechnical
achievement in, or contribution to, display
technology.

JAN RAJCHMAN PRIZE. Awarded for an
outstanding scientific or technical achieve-
ment in, or contribution to, research on
flat-panel displays.

OTTO SCHADE PRIZE. Awarded for an
outstanding scientific or technical achieve-
ment in, or contribution to, the advancement
of functional performance and/or image
quality of information displays.

SLOTTOW-OWAKI PRIZE. Awarded for
outstanding contributions to the education
and training of students and professionals
in the field of information display.

PETER BRODY PRIZE. Awarded to
honor outstanding contributions of young
researchers (under age 40) who have made
major-impact technical contributions to the
developments of active-matrix-addressed
displays.

LEWIS AND BEATRICE WINNER
AWARD. Awarded for exceptional and
sustained service to SID.

FELLOW. The membership grade of
Fellow is one of unusual professional
distinction and is conferred annually upon
a SID member of outstanding qualifications
and experience as a scientist or engineer

in the field of information display who has
made widely recognized and significant
contribution to the advancement of the
display field.

SPECIAL RECOGNITION AWARDS.
Presented to members of the technical,
scientific, and business community (not
necessarily SID members) for distinguished
and valued contributions to the information-
display field. These awards may be made
for contributions in one or more of the
following categories: (a) outstanding
technical accomplishments; (b) outstanding
contributions to the literature; (c) outstand-
ing service to the Society; (d) outstanding
entrepreneurial accomplishments; and

(e) outstanding achievements in education.

Nominations for SID Honors and Awards must
include the following information, preferably
in the order given below. Nomination Tem-
plates and Samples are provided at www.sid.
org/awards/nomination.html.

1. Name, Present Occupation, Business and
Home Address, Phone and Fax Numbers, and
SID Grade (Member or Fellow) of Nominee.

2. Award being recommended:
Jan Rajchman Prize
Karl Ferdinand Braun Prize
Otto Schade Prize
Slottow—Owaki Prize
Peter Brody Prize
Lewis and Beatrice Winner Award
Fellow*
Special Recognition Award

*Nominations for election to the Grade of
Fellow must be supported in writing by at least
five SID members.

3. Proposed Citation. This should not exceed
30 words.

4. Name, Address, Telephone Number, and
SID Membership Grade of Nominator.

5. Education and Professional History of
Candidate. Include college and/or university
degrees, positions and responsibilities of each
professional employment.

6. Professional Awards and Other Professional
Society Affiliations and Grades of Membership.

7. Specific statement by the nominator con-
cerning the most significant achievement or
achievements or outstanding technical leader-
ship that qualifies the candidate for the award.
This is the most important consideration for
the Honors and Awards committee, and it
should be specific (citing references when
necessary) and concise.

8. Supportive material. Cite evidence of tech-
nical achievements and creativity, such as
patents and publications, or other evidence of
success and peer recognition. Cite material that
specifically supports the citation and statement
in (7) above. (Note: the nominee may be asked
by the nominator to supply information for his
candidacy where this may be useful to establish
or complete the list of qualifications).

9. Endorsements. Fellow nominations must be
supported by the endorsements indicated in (2)
above. Supportive letters of endorser will
strengthen the nominations for any award.

E-mail the complete nomination — including all the above material — by October 15, 2017
to swu@ucf.edu with cc to office@sid.org or by regular mail to:
Shin-Tson Wu, Honors and Awards Chair, Society for Information Display,
1475 S. Bascom Ave., Ste. 114, Campbell, CA 95008, U.S.A.
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The Slottow—Owaki prize is awarded for
“Outstanding Contributions to the Education
and Training of Students and Professionals
in the Field of Information Display.” This prize
is named in honor of Professor H. Gene Slottow,
University of Illinois, an inventor of the plasma
display and Professor Kenichi Owaki from the
Hiroshima Institute of Technology and an early
leader of the pioneering Fujitsu Plasma Display
program. The oustanding education and train-
ing contributions recognized by this prize is
not limited to those of a professor in a formal
university, but may also include training given
by researchers, engineers, and managers in
industry who have done an outstanding job
developing information-display professionals.
The Slottow—Owaki prize carries a $2000
stipend.

The Peter Brody Prize is awarded to honor
“Outstanding contributions of young
researchers (under age 40) who have made
major-impact technical contributions to the
developments of active-matrix-addressed dis-
plays” in one or more of the following areas:

« Thin film transistor devices

« Active matrix addressing techniques

« Active matrix device manufacturing

« Active matrix display media

« Active matrix display enabling compo-

nents.

The award is made by the Board of Direc-
tors acting on the recommendation of the
Honors and Awards Committee and carries a
stipend of US $2000.

The sixth major SID award, the Lewis and
Beatrice Winner Award, is awarded for
“Exceptional and Sustained Service to the
Society.” This award is granted exclusively
to those who have worked hard over many
years to further the goals of the Society.

The membership grade of SID Fellow
is one of unusual professional distinction.
Each year the SID Board of Directors elects
a limited number (up to 0.1% of the member-
ship in that year) of SID members in good
standing to the grade of Fellow. To be eligi-
ble, candidates must have been members at
the time of nomination for at least 5 years,
with the last 3 years consecutive. A candidate
for election to Fellow is a member with “Out-
standing Qualifications and Experience as a
Scientist or Engineer in the Field of Informa-
tion Display who has made Widely Recog-
nized and Significant Contributions to the
Advancement of the Display Field” over a
sustained period of time. SID members prac-
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ticing in the field recognize the nominee’s work
as providing significant technical contributions
to knowledge in their area(s) of expertise. For
this reason, five endorsements from SID mem-
bers are required to accompany each Fellow
nomination. Each Fellow nomination is evalu-
ated by the H&AC, based on a weighted set of
five criteria. These criteria and their assigned
weights are creativity and patents, 30%; tech-
nical accomplishments and publications, 30%;
technical leadership, 20%; service to SID,
15%; and other accomplishments, 5%. When
submitting a Fellow award nomination, please
keep these criteria with their weights in mind.

The Special Recognition Award is given
annually to a number of individuals (member-
ship in the SID is not required) of the scien-
tific and business community for distin-
guished and valued contribution in the infor-
mation-display field. These awards are given
for contributions in one or more of the follow-
ing categories: (a) Qutstanding Technical
Accomplishments, (b) Outstanding Contribu-
tions to the Literature, (c) Outstanding
Service to the Society, (d) Outstanding
Entrepreneurial Accomplishments, and (¢)
Outstanding Achievements in Education.
When evaluating the Special Recognition
Award nominations, the H&AC uses a five-
level rating scale in each of the above-listed
five categories, and these categories have
equal weight. Nominators should indicate
the category in which a Special Recognition
Award nomination is to be considered by the
H&AC. More than one category may be
indicated. The nomination should, of course,
stress accomplishments in the category or
categories selected by the nominator.

While an individual nominated for an
award or election to Fellow may not submit
his/her own nomination, nominators may, if
necessary, ask a nominee for information that
will be useful in preparing the nomination. The
nomination process is relatively simple, but
requires that the nominator and perhaps some
colleagues devote a little time to preparation
of the supporting material that the H&AC
needs in order to evaluate each nomination for
its merit. It is not necessary to submit a com-
plete publication record with a nomination.
Just list the titles of the most significant half
a dozen or less papers and patents authored
by the nominee, and list the total number of
papers and patents he/she has authored.

Determination of the winners for SID
honors and awards is a highly selective

process. On average, less than 30% of the
nominations are selected to receive awards.
Some of the major prizes are not awarded
every year due to the lack of sufficiently qual-
ified nominees. On the other hand, once a
nomination is submitted, it will stay active for
three consecutive years and will be considered
three times by the H&AC. The nominator of
such a nomination may improve the chances
of the nomination by submitting additional
material for the second or third year that it is
considered, but such changes are not required.

Descriptions of each award and the lists of
previous award winners can be found at
www.sid.org/About/Awards/IndividualHonors
andAwards.aspx. Nomination forms can be
downloaded by clicking on “click here” at
the bottom of the text box on the above site
where you will find Nomination Templates in
both MS Word (preferred) and Text formats.
Please use the links to find the Sample Nomi-
nations, which are useful for composing
your nomination since these are the actual
successful nominations for some previous
SID awards. Nominations should preferably
be submitted by e-mail. However, you can
also submit nominations by ordinary mail if
necessary.

Please note that with each Fellow nomina-
tion, only five written endorsements by five SID
members are required. These brief endorse-
ments — a minimum of 2—3 sentences to a maxi-
mum of one-half page in length — must state
why clearly and succinctly, in the opinion of the
endorser, the nominee deserves to be elected to
a Fellow of the Society. Identical endorsements
by two or more endorsers will be automatically
rejected (no form letters, please). Please send
these endorsements to me either by e-mail
(preferred) or by hardcopy to the address
stated in the accompanying text box. Only the
Fellow nominations are required to have these
endorsements. However, I encourage you to
submit at least a few endorsements for all nom-
inations since they will frequently add further
support to your nomination.

All 2018 award nominations, including
support letters, are to be submitted by
October 15, 2017. E-mail your nominations
directly to swu@ucf.edu with cc to office@
sid.org. If that is not possible, then please send
your hardcopy nomination by regular mail.

As I state each year: “In our professional
lives, there are few greater rewards than
recognition by our peers. For an individual in
the field of displays, an award or prize from



the SID, which represents his or her peers
worldwide, is a most significant, happy, and
satisfying experience. In addition, the overall
reputation of the society depends on the indi-
viduals who are in its ‘Hall of Fame.’

When you nominate someone for an award or
prize, you are bringing happiness to an indi-
vidual and his or her family and friends, and
you are also benefiting the society as a whole.”

Thank you for your nomination in advance.

— Shin-Tson Wu

Chair, SID Honors & Awards Committee

JOIN SID

http://www.sid.org/Members/
ApplyandRenewOnline.aspx
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Also busy in this area is a joint team at
Kent State and Jiangnan University who
together report on their work on thermally
sensitive LCDs in “Developing Liquid-Crystal
Functionalized Fabrics for Wearable Sensors.”
This work entails creating liquid-crystal cap-
sules that can be embedded into a wide variety
of fibers and films to create temperature-
sensitive, color-changing (“thermochromic”)
materials that can be used for many purposes,
including clothing, medical sensors, etc.

Our applications feature for this issue
continues the core theme with a story about a
new family of materials suitable for flexible-
display substrates called polysulfide ther-
mosetting polymers (PSTs). I say “new,” but
in fact this work has been in progress for more
than 10 years, first destined for biomedical
applications but now found to be very advan-
tageous for display applications as an alterna-
tive to polyimide. PSTs enable transparency,
solvent-free fabrication, very low surface
roughness, and low-temperature processing,
all at reduced total material cost — so say
the authors Tolis Voutsas, et. al. from Ares
Materials, Inc., in their article, “New Polymer
Materials Enable a Variety of Flexible Sub-
strates.” I really like the possibilities dis-
cussed in this article and what they mean in
terms of more options for the flexible-display
materials infrastructure.

Our Market Insights focus this month is
on a small but powerful company in our
industry called Pixel Scientific, which until

just recently was known as Tannas Electronic
Displays, the founder of custom resizing
technology for LCD glass. If you’ve ever
seen uniquely sized LCD panels in cockpits
of planes, in digital signs, or in industrial
automation equipment, odds are they were
custom sized from larger commercial panels
using the Tannas patented technology devel-
oped by display visionary and pioneer Larry
Tannas. In 2015 Dick McCartney (CEO) and
fellow investors bought the company from
Tannas, and now they are carrying on with its
custom display-sizing technology and savvy
portfolio management, while also branching
out to new areas. Our own Jenny Donelan
spoke with Dick about this endeavor and
gained a wealth of insights about the com-
pany, its extensive patent portfolio, and the
industry at large. Note especially Dick’s
comments about investing in intellectual
property protection and the benefits it can
bring to your business. We’ve published a
number of articles in the past about IP devel-
opment and the patent process. This continues
to be one of the most critical areas of concern
for technology developers and a properly exe-
cuted strategy will pay many benefits for
years to come.

We were all at Display Week just about a
month ago (as of this writing) and while our
expanded coverage is still in development, we
figured we’d put in just a taste by publishing
some of the best blogs that we developed and
posted on-line during the event. And so, we
offer a short compilation of some of the hot
topics at the show, including foveal rendering,
high-resolution automobile lamps, flat-panel
speakers, very high-pixel-density phones, efc.
from Display Week 2017 in Los Angeles. If
you want to know more and were not there,
stay tuned for our next issue with full cover-
age from all of our talented roving reporters.

Despite all the great things to work on
inside the walls of your business, don’t forget
that we’re in the middle of the summer and
it’s a great time to reset your work-life bal-
ance as well. Take time to enjoy the outdoors,
spend more time with your family, and visit
someplace you’ve never seen before. Rekindle
old friendships and make new ones. It’s
shaping up to be a great summer, both inside
and outside of our unique industry, and I wish
you all good health and some much-deserved
recreation as well.

guest-editorial

continued from page 4

pressure, and other types of mechanical

stress, as well as electrical, magnetic, and
optical fields. Of course, integrating liquid
crystals with fibers for wearable application is
not easy. Many factors need to be considered:
temperature range, adhesion to the fibers,

and visual appearance, just to name a few.
Overcoming many challenges, the team
successfully developed thermochromic fabrics
by bonding microcapsules of LC to fiber
surfaces, or by fabricating coaxial fibers con-
sisting of an LC core surrounded by a polymer
sheath.

As shown in these three articles, significant
progress has been made in stretchable displays
in the past several years. Stretchable elec-
trodes, interconnects, TFTs, and AMOLED
displays have all been demonstrated. How-
ever, we are still facing the same challenge —
how can we integrate this great technology
into a device to make, dare to say, a stretch-
able device? The wearable sensor is a great
idea — color-changing sensing for a color-
dominant clothing application that requires
no other components (not even electrodes).
Alternatively, we need to develop applications
that don’t use many rigid components, or
applications for which the rigid components
can be hidden.

We can already stretch our displays; now
let’s try stretching our imaginations.

Ruiging (Ray) Ma is a member and past
chair of the SID Flexible Display Committee,
and currently serves as seminar chair for
Display Week 2018. He can be reached at
ruiqingm@gmail.com.

Display Week 2018

SID International Symposium, Seminar & Exhibition
May 20-25, 2018

Los Angeles Convention Center
Los Angeles, CA, USA
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offer a much bigger color envelope
straightforwardly without immediately
turning to more sophisticated technol-
ogy like quantum dots or direct RGB
backlights, for example. These changes
all give us the opportunity to innovate.
We’ve had to adapt as we go along,
and it’s an important part of our ongo-
ing portfolio of patents. We continue

to add to it as we solve this or that

problem.

ID: Speaking of your patent portfolio, it’s
our understanding that this aspect of
the business has been quite successful.

DM: Larry was very wise to pursue the

intellectual property to the extent that
he did. He spent millions of dollars
developing our patent portfolio, and
it’s pretty watertight. It’s been
defended and successfully vetted in
the courts, and he was able to turn a
substantial portion of the business into
a licensing business, so a good portion
of the revenue that we take in annually
comes from royalties. And we continue
to push that model forward as well, as
we bring on new licensees. We are
adding a few licensees in China. We
are also in negotiations with places

in Europe and other parts of Asia.
Throughout this year I would project
that we’ll be closing several license
deals.

The key thing I would say is that not
every patent is a peer to every other.
Some of them, of course, are just tech-
niques, and those aren’t the ones that
you want to pursue with every dollar
that you have because someone could
maybe get around it, but there are fun-
damental patents that you should pur-
sue and lock up. In other words, just
having a patent isn't enough. You need
to be able to claim the fundamentals
somehow. Look, once you have an
instance proof of just about anything
useful, someone will find a way to
duplicate it if it has any value at all.
The advantage you have ordinarily is
being first to the scene, so to speak,
rather than more capable than anyone
else. So the strategy is to have a water-
tight, fundamental patent, and a portfo-
lio of patents, really, that force anyone
who wants to duplicate what you have

38 Information Display 4/17

ID:

DM:

done to have to go through one of the
doors you have patented.

Having said that, though, relying
on patents to protect a business takes
strategic planning. It is said that
patents are a sport of kings. A small
company can easily go broke trying
to stop an infringer with deep pockets
or frankly even not-so-deep pockets.
Litigation is very expensive for both
parties. Often it is far better to create
partners than fight adversaries. Licens-
ing can be an important tool in that
way. And lastly I'd say that patents
must be asserted. Otherwise, they
won't be taken seriously. There has to
be a sense that ignoring your IP will
have consequences.

Larry did a brilliant job of creating
an industry on the backbone of the
patent portfolio. It’s protected not only
through the litigation but also by those
who license it. They find people who
may be infringing and we bring them
into the fold one way or another. We’re
in the middle of an ongoing infringe-
ment case right now, and we continue
to contact companies who might be
infringing.

So it’s a combination of having some-
thing that is patentable on a fundamen-
tal level and then doing the work to
protect it. Not all small businesses are
quite this forward thinking.

That’s right, and there’s another
component to the licensing. When
Larry came up with his technical
solutions, he could have taken on the
whole world and said, “All roads lead
through me.” And I think that is a
common error that small companies
make. They want to service the entire
world. It’s really hard to do. On the
other hand, if you can take on a portion
of that and license to others who want
to take on other portions, you can grow
from there and over time you can com-
pete with those licensees and integrate
further. Or you can form strategic part-
nerships with them. A rising tide lifts
all boats, and that’s an important busi-
ness strategy when you have this kind
of core technology.

frontline technology
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extended temperature range and strengthened
glass. Customers can also specify border
color, legends, and logos.

$amsung $hips HDR Monitors
for Gaming

Samsung Electronics America recently
expanded its gaming portfolio with the
ultra-wide, 49-in. CHG90 display and the
27- and 32-in. CHG70 monitors.

The CHG90 and CHG70 displays feature
high-dynamic-range (HDR) picture enhance-
ment technology that has until recently been
reserved for televisions and large-format
displays. They are designed to show games as
developers intended them to be seen, dramati-
cally improving picture quality and gameplay
with crisper colors and sharper contrast.

The new monitors all leverage Samsung’s
“QLED” quantum-dot technology, which
supports 125 percent of the sSRGB color space
and 95 percent of the DCI-P3 color space, for
a wide range of accurate color reproduction
— especially dark reds and greens — that stay
crisp and clear even in bright light.

To enhance gameplay visuals further, the
CHG70 joins the CHG90 as the industry’s
first gaming monitors to feature AMD’s new
Radeon FreeSync 2 technology. This function-
ality combines smooth, stutter- and tear-free
gaming with low-latency, high-brightness, high-
contrast visuals, as well as excellent black
levels and support for a wide color gamut to
show HDR content with twice the perceptible
brightness offered by the sSRGB standard.

The CHG90 has a 32:9 aspect ratio and
3,840 x 1,080 double-full HD (DFHD)
resolution across an ultra-wide, 49-in. screen.
The CHG90 also boasts a rapid 1-ms response
time, 144Hz screen refresh rate, and advanced,
four-channel scanning technology to deter
motion blur throughout the entire screen,
making the monitor ideal for first-person
shooting, racing, flight simulation, and
action-heavy games.
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THIN FILM DEVICES

Economical and Superior Coatings and Products

Foundry Capability for MEMs, OLED, Banks, OPV, Dye Cell, Interposer, Chip on Glass & Others
PHOTOETCH & PATTERNING CAPABILITIES: SMALL TO LARGE SCALE

Micro Bump Chip

Bumps

Cathode —

Organic Light +
Emitting Light

Bank +
Smooth ITO —

Substrate —

OLED + Bank Glass Interposer Imbedded Mesh
(€5 OPS, T% >90% @ 420-680nm)

)
Electrolyte

Dye- Sensitized TIO; —&
Imbecided Wire Mesh Flexible Substrate |

Micro Blinder

Flexible Dye Cell MEMs

STANDARD COATING & SERVICES:

STD TCO’s ITO/1IZO/AZO/FTO & WRTCO™

Black Mask: Black Cr, Nb or Resist

e BBAR 200um - 12um Multiple Range e Custom P-Caps Several Types
e IMITO™ (EMI & Heaters) Several Types » Color Filters (Resist Type) Several Types
e Hot & Cold Mirrors Several Types ¢ Lamination: Ruggedization, Glass to Glass,

Anti-Vandal, Filters, EMI/Heater to LCD

Thin Film Devices Incorporated hina Supoy Lhain,

Group International
jeanne-giil@hotmail.com

180 N. Tustin Avenue, Anaheim, CA 92807

Phone: 714.630.7127 Korean Manufacturing:

Fax: 714.630.7119 ion-tek@hanmail.net

Email: Sales@tfdinc.com Taiwan Manufacturing:
Acrosense Technologies




M Sstems

KONICA MINOLTA Group

LumiTop 2700 - Your spectrally enhanced
imaging colorimeter

4 Unprecedented accuracy of
2D measurements

4 3-in-1 system: spectroradiometer +
RGB camera + flicker diode

4 Innovative optical system for high speed
measurements

4 Versatile production applications

4 Simple integration in production lines
via SDK

Lab Specs Meet

Production Speed!

stament

CAS 1400

We bring quality to light.

Instrument Systems GmbH ¢ Phone +49 89 45 49 43-58 ¢ sales@instrumentsystems.com ® www.instrumentsystems.com
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