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ON THE COVER: Images from Display Week
2017 in Los Angeles include (clockwise from
upper left): The Innovation Zone (I-Zone) on
the show floor; LG's 77-in. “Wallpaper” OLED
(photo by Tom Fiske); BOE 15.6-in. curved
FHD LCD (photo by Karlheinz Blankenbach);
Samsungs 9.1-in. stretchable AMOLED (image
courtesy Samsung); cockpit display from Corning
JDIs color transparent display (image courtesy
JDL); Tianma booth on show floor; and JDI's
narrow-bezel LCD (image courtesy JDI).
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Drawing Inspiration from Display Week

by Stephen P. Atwood

Welcome to the annual Display Week review issue, which
covers highlights from our terrific gathering in Los Angeles
last May. As I promised, it was one of the best in recent
years, with an amazing array of innovative demonstrations
and clever embodiments of the latest display developments.

A number of things caught my eye as noteworthy this
year, including the truly stretchable OLED display demonstrated by Samsung, the
LCD-based headlight concept from IGM at the University of Stuttgart in the I-Zone,
and a mobile phone-based 3D display from LEIA that resembled the artist’s rendering
on our January 2017 cover a lot more closely than you might think. (That issue
includes an interview with LEIA founder and CEO David Fattal.)

In my experience, many aspects of different Display Week events over the years
start to blur together, but the key pivotal exhibitions and announcements stand out
regardless of the time that has gone by. For example, I remember vividly the first
OLED TV panels shown by LG and Samsung, the first demonstrations of Texas
Instruments’” DLP technology, Sony’s clever idea for a plasma-addressed LCD, the
panel-size wars in both plasma and LCD technology, the first papers on oxide TFTs,
and the liquid-crystal-on-silicon microdisplay emergence, among others. Depending
on what field you work in, I’m sure you can name dozens of other milestones and
seminal moments like these.

Display Week Reviews

So, with minimal introduction, let’s dive right into the review articles compiled by our
team of contributing editors, who took the time to chronicle their subject areas for you.
Materials were a big topic this year, with several headliners. Ken Werner took the
assignment and covered all the highlights in his article, “Materials and Other Game
Changers.” We saw a lot of action in quantum dots, a result of companies moving
toward RoHS-compliant solutions for LCD enhancement while pursuing several
embodiments for direct emission enhancement as well. New players have come online
and familiar ones are expanding their scope.

In the OLED space, there was substantial activity around thermally activated
delayed fluorescence (TADF) — which we also covered earlier this year in /D — as well
as some incredible demonstrations of OLED displays. And there were innovations in
reflective materials, including foldable E Ink technology and a new entrant named
CLEARink that was showing video-rate updates on a reflective platform. CLEARink
won a Best in Show Award from SID this year.

Automotive displays and their applications were a very important subject this year,
both on the floor and in the presentations. Author Karlheinz Blankenbach reported
on many of the key developments in his article, “Automotive Displays Proliferate at
Display Week,” in which he showed how we are just starting to imagine all the ways
displays can be deployed in cars, and what that means to developers in the coming
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years. My favorites at the show included the all-glass custom-format display concepts,
and the systems that can replace mirrors and enhance perimeter awareness while you
drive. But displays that can meet these needs must achieve even greater performance
and “flexibility,” and yes, I use that term to mean several things at the same time.
Enjoy the article and you will see what I mean.

The opinions expressed in editorials, columns, and
feature articles do not necessarily reflect the opinions of
the Executive Editor or Publisher of Information Display
Magazine, nor do they necessarily reflect the position of
the Society for Information Display.

(continued on page 44)
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By Jenny Donelan

HMD Global/Nokia and ZEISS
Form Partnership, Release
Flagship Phone

If all goes according to company plan, Nokia
smartphones will soon regain some of their
former luster. The Finnish company HMD
Global, which operates Nokia’s phone busi-
ness, and ZEISS, a German maker of
optical and measurement systems, recently
announced a partnership that (according to a
joint press release), “aims to set new imaging
standards within the smartphone industry.”!
For decades, Nokia phones, including the
2013 Lumia 1020 with its PureView camera
technology, were some of the most highly
regarded mobile devices on the market.
(ZEISS was a partner during some of that
period.) In 2013, Nokia’s mobile phone
division was sold to Microsoft, after which
Nokia-branded phones weren’t developed or
marketed as rigorously as before. In 2016,
however, HMD and FIH Mobile, a division of
Foxconn, purchased Nokia’s mobile phone
business from Microsoft and announced plans
to release a line of higher end Android-based
smartphones.’ In fact, the Nokia 8, the com-
pany’s first “flagship” phone in years, was
announced in August 2017.4

The new phone (Fig. 1) has a 5.3-in. LC
display (2,560 x 1,440) and is powered by a
Qualcomm Snapdragon 835 processor with
4GB of RAM, and 64GB of storage. The
company is promoting the camera aspect —

Fig. 1: Nokia’s new smartphone, the Nokia 8,
is designed to help put the company back on
the map with regard to high-performing
smartphones.

(SAWS

the ZEISS optics on the front and rear cameras
both have 13-megapixel sensors. A dual-camera
array at the rear also includes a monochrome
camera. Nokia 8 will broadcast video (with
the front and rear cameras) to Facebook or
YouTube natively through the camera inter-
face. There is also 360-degree audio for live
streaming.

Whether the HMD Global acquisition and
the renewed relationship between ZEISS and
Nokia will make these phones competitive in
the high-end range is yet to be seen. What is
more certain, however, is that new players and
new devices create a healthier and more inter-
esting market.

'www.hmdglobal.com/press/2017-07-06-
press-hmd-zeiss
Zwww.stuff.tv/features/12-nokia-phones-
changed-world-and-9-crazy-ones-entertained-
us-along-way/nokia-6310-2002
Swww.anandtech.com/show/10879/hmd-
closes-nokia-brand-and-patents-deal-with-
microsoft-nokia-smartphones-on-the-way
“www.hmdglobal.com/press/2017-08-16-
nokia-8

Foxconn Announces Plans to

Build LCD Fab in Wisconsin
CEO Terry Gou of Foxconn, the Taiwan-
based contract electronics maker, announced
over the summer in a press conference with
US President Donald Trump and Wisconsin
Governor Scott Walker in attendance that
Foxconn plans to build a 20,000-square-foot
LCD fab in Wisconsin. Foxconn is the maker
of Apple’s iPhone and is also a supplier to
Amazon, Microsoft, Nokia, and Sony, among
other major companies. It is the world’s
largest contract electronics manufacturer. If
plans for the facility go through, it would be
the first time for Foxconn to manufacture
displays in the US.

The LCD panels that would be produced in
Wisconsin would be for TV maker Sharp,
which was purchased last year by Foxconn’s
parent company, Hon Hai.! Foxconn Technol-
ogy Group would receive up to $2.85 billion
in cash payments from the state in exchange
for building an up-to-$10-billion flat -screen
plant and hiring up to 13,000 workers.”

(continued on page 4)
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continued from page 3

Making large panels in the US to be used
for US products would presumably reduce
shipping costs, as well as any applicable
tariffs. In addition, such a large facility
would provide jobs for thousands of workers
and be an overall boon to the Wisconsin
economy.

At press time, however, Gov. Walker's
administration was seeking to tighten job cre-
ation requirements as part of the deal.? And
Ohio Governor John Kasich, whose state is
currently “pitching” Foxconn for a manufac-
turing deal of its own, spoke negatively of the
tax incentive deal made between Foxconn and
the state of Wisconsin. New analysis, he said,
shows that the deal may provide fewer jobs
and less revenue than previously predicted.
The state might not break even on a deal with
Foxconn until 20423

Foxconn actually announced a US manu-
facturing initiative back in 2016, according to
IHS Markit analyst David Hsieh. In a recent
article in his technology blog, “Foxconn
Sharp intends to build LCD fabs in US: but is
it practical?” Hsieh wrote that the company
was also considering a Gen 6 fab in Michigan.

In fact, there are pros and cons for both
Foxconn and the US, Hsieh wrote in his blog:
“All told, it makes sense for the Foxconn
Sharp group to build fabs in the US, given the
growing demand for panels by both the global
and US markets, and also for the company to
expand its business. Having a
US-based LCD fab could also gain Foxconn
a measure of political goodwill, since the
investments that are needed will stimulate
local employment and economics. On the
other hand, such a move is rife with chal-
lenges — among them the substantial use of
natural and human resources alike, as well as
the painstaking process of building a supply
chain from the ground up.”

In the past, plans to build Foxconn plants in
the US have fallen through; a 2013 proposal
to build a large facility in Harrisburg, PA, did
not work out. Still, it would be exciting to
have large panels made once again in the
country where TVs were invented, said Gou.’

'www.theverge.com/2017/7/26/16034394/
apple-iphone-manufacturing-foxconn-wisconsin-
plant-donald-trump
Zwww.jsonline.com/story/money/business/
2017/08/22/wisconsin-budget-committee-hears-
testimony-billion-foxconn-bill/589265001/
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*http://thehill.com/blogs/blog-briefing-room/
news/347769-kasich-rips-foxconn-deal-in-
wisconsin
*http://blog.ihs.com/foxconn-sharp-intends-
to-build-lcd-fabs-in-us
Shttps://www.biztimes.com/2017/ideas/
educationworkforce-development/wisconsin-
lands-10-billion-foxconn-project/

Gamma Scientific Intros
Compact Spectroradiometer/
Flicker Meter

Gamma Scientific’s new GS-1160B spectro-
radiometer is a compact industrial spectro-
radiometer/flicker meter designed for fast,
accurate, and repeatable display measure-
ments (Fig. 2).

Fig. 2: Gamma Scientific’s new benchtop
spectroradiometer/flicker meter combines
light weight and a small footprint with a wide
array of measurement capabilities.

It features an extensive suite of analysis
capabilities for display designers, manufactur-
ers, and engineers in a lightweight package.
The instrument is about the size of a mobile
phone (204 mm x 90 mm X 45 mm), weighs
620 grams, and is suitable for color and
intensity measurement of all display types
including LCD, LED, OLED, and quantum
dot.

The GS-1160 delivers key display measure-
ment capabilities for color chromaticity,
gamma, white balance adjustment, contrast,
flicker (VESA and JEITA), and uniformity. Its
luminance measurement range is from 0.05 to
5,000 cd/m?, with CIE 1931 and CIE 1976
color chromaticity output, and fast integration
time down to 100 psec.

LG’s Next Smartphone to

Feature Plastic OLED Display
The next flagship smartphone from LG Elec-
tronics will feature the company’s plastic
OLED FullVision display, which follows the
trend toward curved edges and minimized
bezels in smartphones (Fig. 3).

Fig. 3: At press time, LG was revealing only
this teaser photo of the new smartphone.
Although it shows just the bottom portion of
the phone, the thin bezel and rounded edges
are clearly visible.

The 6-in. FullVision display will be LG’s
largest in four years, and will include 4.15
million pixels in the QHD+ (1,440 x 2,880)
panel. According to LG, the display will
deliver 148 percent of the sSRGB1 color space
for digital images and 109 percent of the
DCI-P32 color space for digital cinema. The
phone’s plastic substrate will be protected by
Corning’s shatter-resistant Gorilla Glass 5.
LG also reports that its advanced encapsula-
tion and pixel-scanning technology all but
eliminates the burn-in issue that has affected
OLED technology in the past. Encapsulation
reduces oxidation of the pixels and the pixel-
scanning technology allows for less energy to
be applied to each pixel, also saving battery
power.

The phone was scheduled for an official
release at the end of summer 2017.

Apple Readies 3 Phones for Fall

Announcement

A variety of sources, including Forbes' and
CNET?, have reported that Apple will reveal
new smartphones in September, as usual, in a
set of three, as usual. There will be two LCD
models (upgrades to the 7 series) and one
OLED (the iPhone 8), marking Apple’s first

(continued on page 46)
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his customer 3M is doing, but he did comment
on Nanosys’s view of the situation.

“We definitely see both QDEF and photo-
emissive quantum dots coexisting in the mar-
ket for a long time to come. QDEF offers
important benefits to LCDs in terms of color
volume and HDR performance. The massive
installed base of LCD manufacturing capacity
is not going anywhere any time soon, so there
will be a place for QDEF.

“In fact, I think it’s likely that we’ll see all
three generations, including electrolumines-
cent quantum dots, in the market at some
point in the not-too-distant future. The three
QD implementations offer benefits that dis-
play makers will find attractive for different
applications and market segments.

“Nanosys continues to sign QDEF coating
partners to expand the supply of QDEF to the
market in addition to the announced partners
that you already know of. This is probably the
best signal that I can give you for the continued
and increasing demand we see for QDEF.”

Nanoco Receives First Commercial
Order

At Display Week, Nanoco focused on a new,
somewhat puzzling collaboration with OLED-
maker Kyulux. (See the OLED section of this
article.) And a month after the show, the
company announced the receipt of its first
commercial order from Wah Hong Industrial
Corp., a manufacturer of optical films and
sheets for the display industry. The order is
for resins containing Nanoco’s cadmium-free
quantum dots (CFQDs).

The CFQD resin products will be produced
in Nanoco’s plant in Runcorn, UK, and deliv-
ered to Wah Hong for conversion into films,
which will be supplied to an OEM for use in
TV and monitor products. This first order is
for initial production, which is expected to
ramp up over the next few months. Nanoco
and Wah Hong expect products to appear in
the display market during 2017.

Wah Hong seems to be taking the initiative
seriously. Said Wah Hong President C. P. Yeh,
“We are pleased to announce our first orders
for Nanoco’s CFQD resin following an exten-
sive trial sampling program performed over
recent months. As a business, we recently
invested in a new, wider coating line that will
enable films large enough to fit 100-in. TVs
to be produced and we remain on track to
commence production of CFQD films for our
customers during the second half of 2017.”

After a several years-old agreement with
Dow Chemical that produced a plant in Korea
to make QDs that were apparently never
ordered in significant quantities, and a recent
licensing and manufacturing agreement with
Merck that seems to have led nowhere after
being enthusiastically promoted in 2016, this
order from Wah Hong feels like an important
one for Nanosys.

QMC Focuses on Continuous
Production Line

In the closing hours of Display Week, we

had an exclusive interview with QMC Senior
Director of Business Development Toshi
Ando. Ando said partner Uniglobe Kisco is
buying sample quantities of QMC’s cadmium-
free OLED materials. QMC is shipping small
quantities and is transitioning to the large
reactor, Ando said.

QDs with low or no cadmium are clearly
what panel makers and their customers are
looking for, but everybody knows that and all
suppliers have them. So cadmium-free is no
longer a differentiator. Several analysts,

including this one, have suggested that
QMC’s continuous production reactor, which
permits in-line rather than batch manufactur-
ing, could be QMC'’s greatest asset. Ando
said that facilities for in-line manufacturing
are relatively inexpensive and permit materials
to be fabricated at low cost. Since the process
can be tuned in real time, it is easier to optimize
the production process and obtain consistent
characteristics. Specifically, Ando said, the
output spectra (designated by the measured
full width of the peak at half of its maximum
value (full width at half maximum, or
FWHM) are consistent.

During Display Week, QMC announced
that the United States Patent Office had
granted a patent (#9,577,149) “for the contin-
uous synthesis of high quantum yield InP/ZnS
nanocrystals.”

Prior to Display Week, QMC had
announced a Chinese investment to support
manufacturing and applications facilities in
Chengde and Beijing. The land with pre-
existing buildings has been purchased and
equipment has been ordered, said Ando.

Fig. 1: Avantama showed a green emitter at its booth in Los Angeles. All photos by Ken Werner.
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Equipment installation should take six months,
and process optimization two to three months.
Ando said the company expected to be ship-
ping samples to prospective customers from
the end of Q2 ’17, and to start shipping in
volume Q2 ’18.

Ando also said that QMC has been working
on dot-on-chip. The most recent data show no
degradation for four hours at 150 C.

Other Materials Makers

» Avantama AG (Zurich) was promoting its
perovskite-type QDs (Fig. 1) at Display Week.
The technology is well developed and a
pilot line is under development, a company
rep said. Materials sampling will follow.

+ We first became interested in StoreDot a
couple of years ago at CES, when the
company showed organic molecules that
have properties similar to those of quantum
dots. This year, the Israeli company had a
booth at Display Week, where it was show-
ing but not pushing its quantum emitters for
displays. A spate of recent news stories
focused on the other main application of
StoreDot’s technology, fast-charging batter-
ies. The company’s FlashBattery system
uses a super-capacitor architecture and its
own chemistry, StoreDot says, to recharge
either mobile-device or automotive batteries
in 5 minutes, while providing more energy
density than Li-Ion batteries and supporting
a large number of charge-discharge cycles,
despite the rapid charging.

* Crystalplex, to the best of my knowledge
the only quantum-dot company in Pitts-
burgh, exhibited at Display Week for the
first time in 2017, showing its sapphire-
passivated QDs. A year ago, the company
received a key US patent (#9,425,253) for
the fabrication of sapphire-passivated
quantum dots that are environmentally
stable without additional protection against
moisture and oxygen — i.e., environmental
stability without additional barrier layer
protection. Another key technology is the
method for producing its alloy gradient
core, which changes the effective size of
the quantum well by gradient of a transition
in the chemical composition rather than
physical size. Thus, the exterior diameter of
the QDs is approximately 8 nm, independ-
ent of the color each is designed to produce.
It is possible that the consistent dot size
could make fabrication of opto-emissive
films somewhat easier.

8 Information Display 5/17

OLEDs

LG Display showed an automotive transparent
OLED with a transmissivity of 60 percent.
The company’s signage OLED display is still
at 45 percent. The increase to 60 percent for
the automotive OLED is significant because
the US National Highway Traffic Safety
Administration requires 70 percent transmis-
sivity for an optical element that is placed
between a driver and his view of the road, and
one of LGD’s use cases is a direct-view HUD
sitting on the dash between the driver and the
windshield. We were not permitted to photo-
graph this display’s predecessor at CES, but
that restriction was relaxed for Display Week
(Fig. 2). An LGD rep said the transparent
signage display is ready for customers.

Nanoco and Kyulux

During Display Week, British QD developer
Nanoco and German thermally activated
delayed fluorescence (TADF) OLED developer
Kyulux announced a collaboration and joint
development agreement. Both are develop-
ment-stage companies, although Nanoco may
be graduating from that position. (See accom-
panying entry in the earlier quantum-dot
section of this article.)

TADF is a technology through which the
high efficiency of phosphorescent OLEDs
(for which the essential IP is controlled by
Universal Display Corp.) can be realized with
certain fluorescent OLEDs. UDC has very

good red, green, and yellow phosphorescent
emitters, so in this arena, it would seem that
the biggest potential advantage of TADF
would be a blue emitter that combines the
necessary lifetime, efficiency, color coordi-
nates, and emission width. That full combina-
tion has not yet been demonstrated, although
Kyulux competitor Cynora says it’s close.
(See below.)

One possible synergy in combining the
talents of a company that makes OLEDs
(light sources) with a company that makes
down-converting devices (quantum dots) that
change the color of incoming light to a light
of lower wavelength is that if you can’t make
an emitter for a crucial color, you might want
to use a down-converter to make the color
you need. In the Innovation Zone (I-Zone)
on the show floor, Kyulux showed its “hyper-
fluorescence” materials, the company’s name
for its fourth-gen TADF. A company said a
yellow emitter will be available for customer
sampling by the end of the year. But QDs can
only down-convert; that is, convert to colors
with a longer wavelength than the wavelength
of the incoming photon. So you could produce
orange and red from Kyulux yellow, but not
blue and green. And a deep, efficient, long-
lived blue is where the need lies.

Cynora
At his presentation at the SID/DSCC Business
Conference, Cynora CMO Andreas Haldi

Fig. 2: LG Display s transparent OLED display for automotive applications features a transmis-

sivity of 60 percent.
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making displays work for you

Lasers Improve Display Glass Cutting

Non-contact glass cutting by laser offers an attractive alternative to mechanical methods in
display fabrication. There are several laser technologies and processing techniques in actual
use, each with its own characteristics and advantages.

by Jiirgen Serbin and George Oulundsen

Displays for handheld devices, such as

smartphones and tablets, increasingly utilize
thinner glass, as well as chemically strength-
ened glass. In addition, screens with curved
corners, contoured shapes, and cutouts are
becoming more common. These trends make
traditional mechanical glass cutting a less-
effective method during display fabrication,
and a variety of laser-based techniques have
appeared to replace this older technology. This
article provides an overview of laser glass-
cutting methods and is intended to help read-
ers choose the most appropriate method for a
specific application.

Traditional Methods
The traditional technique for cutting glass,
used in various forms for centuries, involves
scribing the surface of the glass with a hard,
sharp tool (typically a diamond or carbide
wheel), followed by the application of
mechanical stress to propagate the crack
completely through the glass. In automated
systems, this separation is usually imple-
mented by using a “chopper bar” that
descends on the glass.

This method has certain drawbacks, partic-
ularly for the aforementioned very thin sub-
strates that are increasingly being employed in

Jiirgen Serbin is product manager for indus-
trial lasers and systems at Rofin and can be
reached at J.Serbin@rofin.de. George
Oulundsen is director of product marketing
at Coherent and can be reached at
George.Oulundsen(@coherent.com.
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flat-panel displays (FPDs). In particular, the
mechanical force of the scribing tool produces
microcracks in the material, and the subse-
quent breaking step yields small chips and
debris, as well as an edge not necessarily per-
pendicular to the glass surface. Furthermore,
mechanical cutting leaves significant mechan-
ical stress in the finished edge. (In fact, it
becomes difficult to use mechanical cutting
with substrates below about 1 mm in thick-
ness because the glass is so easily broken.)
To prevent further cracking or breaking of the
glass after the original cut, it may be neces-
sary to grind or polish the cut surface. Also, a
post-process cleaning step may be required to
remove debris that could interfere with subse-
quent processes, such as circuit formation.
For the display manufacturer, various edge-
grinding and cleaning steps represent addi-

tional production time and costs. They may
also have negative environmental impacts,
like the generation of debris that cannot be
casily disposed of, or large amounts of waste
water required for cleaning. In addition,
mechanical glass cutting doesn’t readily sup-
port the production of curved edges, which are
increasingly desirable, especially in FPDs for
portable devices.

Laser-Cutting Advantages
There are several different laser technologies
currently being used for glass cutting, and
these are deployed in a variety of methods.
However, all laser glass-cutting techniques
offer some similarities in their main benefits.
First, all laser methods are non-contact
processes that largely eliminate the problems
of microcracking and chipping. Laser-cutting

Fig. 1: Above are microscopic views of mechanically cut (left) and laser-cut (right) glass. The
mechanically cut glass shows significant residual stress, and substantial debris from the cutting

process.
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methods minimize residual stress (to varying
degrees) in the glass, resulting in higher edge
strength. This is critical, because even when
force is applied to the center of a glass panel,
any break usually initiates at the edge. Conse-
quently, laser-cut glass can typically withstand
two to three times as much force as mechani-
cally cut glass.!

Laser cutting can also reduce the number of
process steps, since it requires few, if any,
subsequent cleaning or grinding stages. So
while the capital cost for a laser cutting station
is higher than for a mechanical system, the
overall investment in laser cutting can be
lower than for mechanical processing if an
additional grinding machine can be elimi-
nated. The reduced need for post processing
and cleaning also makes laser-cutting greener
than mechanical methods, and reduces or
eliminates the need for water.

Finally, some laser-cutting methods enable
the production of curved cuts in glass. The
demand for curved cuts is increasing, espe-
cially in mobile phones, where many manu-
facturers would like to produce more complex
geometries in their screens, including holes to
accommodate buttons, controls, LEDs, and
camera lenses. Laser cutting is the only clean
and contact-free method to produce these
complex curved features. Figure 1 compares
mechanically cut and laser-cut glass.

CO, and CO Lasers

Carbon dioxide (CO,) lasers have been used
in glass cutting for many years. In contrast,
carbon monoxide (CO) lasers, which were
first introduced as practical, industrial tools
by Coherent in 2015, are just beginning to be
deployed in this application. Both CO, and
CO lasers offer rapid glass cutting and high
process throughput. The key improvement,
however, is in the differing wavelengths of
the CO vs. the CO, lasers.

The CO, and CO lasers are infrared sources
that process glass by causing intense, local
heating. Specifically, all types of glass absorb
strongly at the 10.6-pm CO, laser wavelength,
so a focused laser beam causes rapid heating
at or near the surface of the glass. To produce
a cut, the glass is translated relative to the
beam, and either liquid or air is delivered by
nozzles onto the glass to quickly cool it. The
resulting thermal shock produces a continuous
crack. Depending upon the glass thickness,
this crack can be propagated all the way
through the substrate to complete the cut; this

Heated
area

Cooled
area

Scribe

Coolant
nozzle

Focused
laser
beam

Direction
of glass
motion

Fig. 2: This schematic illustration of CO, laser scribing shows the motion of the glass beneath

the laser beam.

is called full body cutting. Alternatively, for
thicker glass, a second step, either laser or
mechanical, is used to finish the break; this
is called laser scribing (Fig. 2).

Because of the high absorption of glass at
the 10.6-um CO, wavelength, the beam is
formed into a long, thin line on the work sur-
face, rather than a circle (which is the way
laser beams are most commonly focused).
This is necessary in order to adequately dis-
tribute the intense heat generated by the laser.
However, this geometry means that the glass
is always being heated along a line segment,
and thus precludes the ability to cut short
radius curves.

The overall process is much the same with
the CO laser. However, glass absorption of the
5-um to 6-um output of the CO laser is signif-
icantly lower, allowing the light to penetrate
much farther into the bulk material. Thus,

heat is introduced to the bulk glass directly
and does not rely on diffusion from the sur-
face. Testing at Coherent has shown that

this produces even lower residual stress than
CO, cutting, yielding a stronger cut piece,
together with a wider process window for the
manufacturer.

The other exciting aspect of CO lasers in
glass cutting is their ability to support the
cutting of curves (Fig. 3). This is because the
lower absorption of the CO laser allows its
round beam to be used directly without
adverse heat effects. In addition, the CO laser
can cut chemically strengthened glass.

While CO, lasers are employed in a very
wide range of commercial materials-process-
ing tasks, from cutting thin films for food
packaging up to welding thick steel plates,
most readers are probably not familiar with
CO laser technology. CO lasers were invented
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Fig. 3: A CO laser with only 9W of output
power produced this clean, curved cut (6-mm
radius circle) in thin glass (50-um thick) at a
feed rate of 140 mm per second. This photo
(which is not an illustration) shows the laser-
cut edge of the piece of glass. The yellow part
is the glass, and the face-on view shows the
cut.

decades ago, but never commercialized due to
practical considerations involving very limited
lifetime and reliability caused by difficulties
in cooling the laser. In fact, the first CO lasers
required cryogenic cooling, which kept them
from being used in any commercial applica-
tions. Coherent recently developed new tech-
nology that has enabled the manufacturing of
sealed CO lasers, which operate at very high
output powers, with excellent efficiency at
room temperature, and which demonstrate
lifetimes in the thousands of hours. Because
CO lasers offer distinct advantages for glass
cutting, this was one of the first commercial
applications pursued for this technology.

Laser Ablation

Laser ablation relies on a completely different
mechanism to process glass than do CO, and
CO lasers, which utilize thermal shock to cre-
ate a crack. Ablation is the actual removal of
material, with high precision, to create the
scribe. Ablation occurs when laser power is
sufficiently high to produce intense local heat-
ing (thermal ablation), or at very high peak
powers, to directly break interatomic bonds
(photo-ablation).

Ablation is accomplished using either solid-
state lasers with pulse widths in the nanosec-
ond range, or ultra-short-pulse (USP) lasers
with pulse widths in the picosecond, or even
femtosecond, range.

There are several different variations on the
way laser ablation is used to cut glass, but in
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all of them, each laser pulse blasts away the
glass in the form of microscopic chips. Gener-
ally, there is a direct correlation between pulse
width and the size of these removed particles.
Chips in the single-digit micron size range are
produced by nanosecond pulse-width lasers,
and USP lasers yield even smaller particles —
hundreds of nanometers in size. This process
does require cleaning — although the particles
produced by the laser are much, much smaller
than those produced by mechanical cutting.
And the advantage of laser cutting is better
edge quality, which directly translates into
bend strength.

Nanosecond pulse-width lasers, operating
in either the green (532-nm) or ultraviolet
(355-nm) bands, usually enter through the top
of the transparent substrate and are focused
bottom surface to top surface, sequentially. In
this so-called “bottom-up” approach, ablated
chips fall out of the material interaction zone
due to gravity. Scribes or cuts of virtually any
edge profile, including tapered slots, holes,
trenches, bevels, and chamfers, can be gener-
ated by moving the beam focus up through the
substrate and then along it to create the
desired contour (Fig. 4).

Processing speeds for this type of ablation
are relatively slow compared to other meth-
ods. For example, it takes about 1 second to
drill a 1-mm diameter hole in 3-mm-thick

soda lime glass. The cutting speed for free
contours is in the single-digit mm-per-second
range. Other drawbacks are that this method
cannot process strengthened glass, and the
edges typically show significant chipping
from about 10 um to 50 um from the
processed edge.

With USP lasers, scribing is most com-
monly performed with the laser initially
focused on the top surface of the substrate,
then the beam focus is adjusted to work down
through the material. This is because the very
small particles generated don’t readily fall out
of the scribe on their own (although there are
methods to remove them) and therefore it is
challenging to use USP lasers for bottom-up
drilling or cutting. In addition to limited cut-
ting speed and some edge roughness, the other
limitation of topside scribing using an USP
laser is that a taper always remains on the
scribe or hole, usually in the 8° to 12° range.

Filamentation Cutting

Glass cutting can also be accomplished
through a specific form of internal modifica-
tion called filamentation, which again utilizes
the very high-power densities achieved with
focused, USP lasers. In this case, the high
laser intensity produces self-focusing of the
beam due to the nonlinear Kerr optical effect.
This self-focusing further increases power

Fig 4: This example shows a through-hole produced by bottom-up processing in glass.



density until, at a certain threshold, a low-
density plasma is created inside the material.
This plasma lowers the material refractive
index in the center of the beam path and
causes the beam to defocus. If the beam
focusing optics are properly configured, this
focusing/defocusing effect can be balanced to
repeat periodically and form a stable filament
that extends over several millimeters in depth
within an optically transparent material. The
typical filament diameter is in the range of 0.5
um to 1 pm. An example appears in Fig. 5.

In order to achieve effectively zero-gap cut-
ting or perforation lines, these laser-generated
filaments are produced close to each other by
a relative movement of the work piece with
respect to the laser beam. Cutting speeds of
100 mm/s to 2,000 mm/s can be achieved,
depending on the material thickness and the
desired cut geometry.

Coherent|Rofin’s embodiment of the fila-
mentation technology is called SmartCleave.
It pairs process technology acquired and
further developed by Rofin, together with
advanced industrial USP lasers from Coher-
ent. The resulting process enables high-speed
cutting of arbitrary shapes, including curves,
freeform cuts, and insets, without taper, into
transparent and brittle materials from 0.05-mm
to 10-mm thickness (Fig. 6). SmartCleave
delivers smooth surfaces, with an average
roughness (Ra) of less than 1 um, which are
essentially free of chips and debris. This
yields bend strength in the cut parts that is
markedly superior to mechanical processes.

With chemically or thermally strengthened
glass, internal stress within the part provides
for automatic separation of outer contours
after the filamentation process, without an

Fig. 5: Laser filamentation creates a series of
parallel voids in 0.5-mm-thick sapphire.

Fig. 6: The SmartCleave filamentation process enables high-speed cutting of curves and insets

into glass, e.g., as used for substrates of displays.

additional step. For non-strengthened trans-
parent materials, such as soda lime, borosili-
cate, and alumino-silicate glass, as well as
sapphire, a separation step must follow fila-
mentation. This can be accomplished with a
small mechanical or thermal force. For exam-
ple, the latter can be provided by heating with
a CO, laser.

Coherent|Rofin supplies products to enable
this filamentation processing in a variety of
integrated configurations. This begins with
laser sources, and continues through sub-
systems that integrate a laser with beam
delivery optics and control electronics.

These can also be configured as a so-called
“black box” subsystem, in which the particu-
lar configuration to enable and optimize a
specific process has already been optimized,
validated, and programmed.

In conclusion, lasers have proven to be
superior to traditional glass-cutting techniques
in a wide range of different applications. In
general, lasers are most useful when mechan-
ical means fail to deliver the cut quality or
characteristics required, or when older
methods become too expensive due to the
extensive post processing required, or to
downstream yield reduction. However, laser
glass cutting is actually a broad term covering
a variety of different techniques, each with its
own unique characteristics and advantages.

Thus, it is important to understand the advan-
tages and limitations of each technique and to
work with a vendor supporting several tech-
niques in order to choose the optimum one
for a specific application.

Reference:

'A. Abramova, M. Blacka, and G. Glaese-
manna, “Laser separation of chemically
strengthened glass,” Physics Procedia 5, 285—
290 (2010). =
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SID Announces New David
Sarnoff Industrial Achievement

Prize

The Society for Information Display (SID)
has announced the designation of a new award
to honor individuals for long-term and signifi-
cant leadership and/or exceptional contribu-
tions to the advancement of the information
display industry. The award is named after the
late David Sarnoft, a pioneer of American
radio and television who served as Radio
Corporation of America (RCA) president and
chairman for many years.

Mr. Sarnoff, who joined RCA in 1919 and
retired in 1970, was a visionary who recog-
nized the long-range potential of numerous
radio and television technologies and champi-
oned their subsequent development. At RCA,
Sarnoff drove R&D and manufacturing of the
practical electronic TV system during the
1930s and 1940s, and was also the driving
force behind the development of the practical
full-color TV system, as demonstrated by
researcher Alfred Schroeder’s shadow mask
CRT in 1947. Sarnoff was instrumental in the
development of flat-panel displays, promoting
a research environment that ultimately
resulted in the LCD, the thin-film transistor,
and active-matrix addressing.

The David Sarnoff Industrial Achievement
Prize is designed to honor outstanding recipi-
ents who would not qualify for one of SID’s
technical achievement awards but who none-
theless have had a profound, positive effect on
the display industry over a period of many
years, and are broadly recognized across the
industry. Winners of the David Sarnoff Indus-
trial Achievement Prize will receive a $2,000
stipend, made possible through the generosity
of BOE.

The award joins the lineup of prestigious
honors bestowed by SID to outstanding inno-
vators in the field of information displays,
including the Karl Ferdinand Braun Prize
for outstanding technical achievement in or
contribution to display technology; the Jan
Rajchman Prize for outstanding scientific or
technical achievement in or contribution to
research on flat-panel displays; the Otto
Schade Prize for outstanding scientific or
technical achievement in or contribution to
the advancement of the functional perform-
ance and/or image quality of information
displays; the Slottow-Owaki Prize for out-

42 Information Display 5/17

Although David Sarnoff's contributions to the
display industry were considerable, he was
also an audio pioneer who helped established
the AM radio infrastructure. Here he is shown
holding a state-of-the-art RCA transistor
radio in 1956.

standing contributions to personnel training in
the field of information display; and the Peter
Brody Prize to honor young researchers for
outstanding contributions to active-matrix-
addressed information displays.

The deadline for nominations for the 2018
awards is Oct. 15, 2017. For more informa-
tion on any of the SID Honors and Awards,
including how to submit nominations, please
visit www.sid.org/About/Awards/Individual
HonorsandAwards.aspx. B

Display Week 2018

SID International Symposium,

Seminar & Exhibition

Los Angeles Convention Center
Los Angeles, California, USA

DISPLAY

WEEK

LOS ANGELES 2018

Networking Events
May 20-25, 2018

Looking to meet up with your
colleagues in the display industry
to discuss technology, business,
or just socialize? The events below
present just that type of opportunity:

Annual Awards Dinner, Monday:
Each year, SID recognizes individuals
that have played a critical role in
improving the display industry. This
year’s winners will be honored at an
awards banquet taking place the
evening of May 21.

Annual Award Luncheon,
Wednesday:

The annual Best in Show and Display
Industry Awards Luncheon will take
place at noon on Wednesday, May 23.
Both awards are peer-reviewed,
such that the luncheon is well-
attended by captains of industry for
high-level networking and recogni-
tion of the best in the industry over
the last year.

Investors Conference:

The IC will feature presentations
from leading public and private
companies in the display technology
supply chain and encourage ques-
tions and discussion between pre-
senters and participants. Concludes
with Drinks & Displays: Networking
Reception with Presenters and
Investors.




TECHNO-FUTURE

TOO IMPORTANT TO MISS SEPT.26-27

I 4

S I D Regi§ter T_oday

OLLT e www.VehicleDisplay.org

THE YEAR’S MOST IMPORTANT SYMPOSIUM & EXPO FOR THE
VEHICLE DISPLAY, HMI, VEHICLE SYSTEMS AND

AUTO OEM COMMUNITIES

You're invited to attend the 24th annual SID Vehicle Displays Symposium & Expo Detroit, September 26-27, 2017, presented by
the Detroit Chapter of the Society for Information Display in the center of U.S. automotive excellence. It’s Too Important To Miss.

KEYNOTE ADDRESS
AUGMENTED REALITY

Thomas Seder,
GM Technical Fellow &
Chief Technologist-HMI

If AR is in your vehicle display roadmap you won't want
to miss this year’s forward-looking keynote address.

THE SYMPOSIUM: Here you'll hear peer-reviewed THE EXHIBITION: Here you'll experience hands-on
technical presentations from the industry’s brightest demos, source, collaborate and conduct problem

and stay current on new technologies and solving with expert tech reps from dozens of leading
breakthroughs. Get a first-look at the next generation display technology product, service and solution

tech ‘magic’ destined to shape tomorrow’s in-car providers.

experiences and car buyer preferences in the

promising and growing trillion-dollar global automotive Exhibitors & Sponsors:

marketplace. Email jnemchek@pcm411.com or call 203-223-0294
Register Today at www.VehicleDisplay.org Register Today www.VehicleDisplay.org

Meet With Leading Companies Like These
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continued from page 4

phone based on the emissive technology.
Sources also say that while the LCD models
will be immediately available, there may be a
delay of several months for the OLED device.
Alongside this information exists a swirl of
rumors about features that will or will not be
included in the iPhone 8 — touch ID, facial ID,
virtual home button, astronomical price tag,
fast charging, new colors, old colors, etc. So
while we do know there will be new phones
announced this fall, and that one of them
will almost certainly be Apple’s first OLED
iPhone, we’ll have to wait for the big reveal
to find out more.

'www.forbes.com/sites/gordonkelly/2017/08/
15/apple-iphone-8-specs-camera-price-
release-date/#40fd8a3416¢c1
Zwww.cnet.com/products/apple-iphone-8/
preview B

show review materials

continued from page 6

luminance, a 20 to 30 percent increase in
efficiency, sharp cut-off, and wide view-
ing angle.

A Lively Evolution

Innovations in materials and processes are

at the core of non-trivial improvements in
displays and modules. At Display Week 2017,
we saw materials developments that guarantee
a lively display evolution over the next few
years. B

VISMT
INFORMATION

DISPLAY ON-LIN

liormationdisy
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SID
International
Symposium,
Seminar &
Exhibition

May 20-25, 2018

Los Angeles Convention Center
Los Angeles, California, USA

DISPLAY
WEEK

LOS ANGELES 2018

I-Zone
Competition of live demonstrations
regarding emerging information-display
technologies, such as not-yet-commercialized prototypes and
proof of concepts.

Individual Honors and Awards
The SID Board of Directors, based on recommendations made
by the Honors & Awards Committee, grants several annual
awards based upon outstanding achievements and significant
contributions.

Display Industry Awards
Each year, the SID awards Display of the Year Awards in three
categories: Display of the Year, Display Application of the Year,
and Display Component of the Year.

Best in Show Awards
The Society for Information Display highlights the most
significant new products and technologies shown on the
exhibit floor during Display Week.

Journal of the Society for Information Display (JSID)
Outstanding Student Paper of the Year Award
Each year a sub-committee of the Editorial Board of JSID

selects one paper for this award which consists of a plaque
and a $1000 prize.



http://displayweek.org

THE DISPLAY INDUSTRY'’S SOURCE
FOR NEWS AND TECHNICAL INFORMATION

2017 Editorial Calendar

Ad Closing
Date

January/February Applied Vision December 28

Editorial Coverage

Special Features: Reducing Stereoscopic Artifacts, Realizing Augmented and
Virtual Reality, New Display Frontiers, Cool New Devices for a New Year

Markets: Game developers, medical equipment manufacturers, research
institutions, OEMs, software developers, wearable designers, entertainment
industry research and developers

March/April Display Week Preview, Display Materials February 27

Special Features: SID Honors and Awards, Symposium Preview, Display Week
at a Glance, MicroLEDs, Progress in OLED Manufacturing, Disruptive Materials,
Nine Most Important Display Trends from CES

Markets: OEMSs, deposition equipment manufacturers, entertainment industry
research and developers, display and electronic industry analysts

May/June Display Week Special, Automotive Displays April 18

Special Features: Display Industry Awards, Products on Display, Key Trends
in Automotive Displays, Head-up Designs for Vehicles, Novel Interfaces for
Automobiles

Markets: Consumer products (TV makers, mobile phone companies), OEMs,
research institutes, auto makers, display module manufacturers, marine and
aeronautical companies

Bonus Distribution: Display Week 2017 in Los Angeles

July/August Wearable, Flexible Technology and HDR & Advanced Displays June 16

Special Features: Flexible Technology Overview, Advanced Displays Overview,
Wearables Round-up, Overcoming HDR Challenges

Markets: Research institutions, OEMs, OLED process and materials
manufacturers, entertainment industry research and development, measurement
systems manufacturers

September/ Display Week Wrap-up, Digital Signage August 22

October Special Features: Display Week Technology Reviews, Best in Show and

Innovation Awards, Digital Signage Trends, Ruggedization Challenges for Digital
Signage

Markets: Large-area digital signage developers; in-store electronic label
manufacturers, advertising and entertainment system developers, consumer
product developers, retail system developers

November/ Light-field and Holographic Systems October 20

December Special Features: Real-world light-field applications, holographic approaches,
solving problems of next-generation displays

Markets: OEMs, Consumer product developers, research institutes, auto makers,
entertainment and gaming developers; measurement systems manufacturers

Roland Espinosa
INFORMATION DISPLAY MAGAZINE
Advertising Representative
Phone: 201-748-6819 + Email: respinosa@wiley.com
View the Information Display Website: www.informationdisplay.org
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iNdex to adVertiSeRs

General Atomics......coeveveeenennen
Instrument Systems..

Konica Minolta......ccccoveveeuenne..

Sales Office Japan Sales Office

Dan Nicholas Kimiyoshi Ishibashi

Global Advertising Director Associate Commercial Director — Japan
Wiley John Wiley & Sons (Asia) Pte Ltd.

111 River Street
Hoboken, NJ 07030

Frontier Koishikawa Bldg., 4F
1-28-1 Koishikawa, Bunkyo-ku

dnicholas@wiley.com Tokyo 112-0002, Japan
+81-33830-1235
kishibas@wiley.com

Global Sales Office

(Except Japan/China) China Sales Office

Roland Espinosa Ying Wang

Sr. Account Manager

Print & E Media Advertising
Wiley

111 River Street

Hoboken, NJ 07030

Corporate Sales Manager — China

John Wiley & Sons (Asia) Pte Ltd.
1402-1404 Cross Tower

318 Fuzhou Road, Huangpu District
Shanghai 200001, People’s Republic of

201-748-6819 China
respinosa@wiley.com +86 21 5116 3205
ying@wiley.com
Corporate Members
Abrisa Technologies Japan Display, Inc. SpectraTek
Apple, Inc. Japan Patent Office TDMDA
Applied Materials, Inc. Jiangsu Sunera Technology | Teijin Films Solutions
AU Optronics Corp. Co., Ltd. Led.
ChromaATE KMTC TFD, Inc.
CLEARink Kyulux Thine
Coretronic LXD Research & Display, | TLC International
CYNORA LLC Tokyo Ohka Kogyo Co.
Display Link MegaChips Corp. UICO
Dontech Mindfire Solutions Universal Display Corp.
E Ink Holdings Mitsui Chemicals US Micro Products
Earth LCD NANOSYS Vestel Electronics
eMagin Corp. NLT Technologies Vigor Gas Purification
Europtec USA, Inc. Noritake Itron Corp. Technologies
Flectrode Technology Nvidia Visionox
Limited Oculus WaveOptics
FocalTech Systems Panasonic Westar Display
FUJIFILM Dimatix, Inc. | POLOMO Technologies, Inc.
Galloping Technology Rolic Technologies Yazaki Europe Limited
ITRI Sakai Display Products YUASA SYSTEM Ceo.,
I-PEX Sharp Corp. Lid.




WATER VAPOR
TRANSMISSION RATE TESTING

Providing Unparalleled Testing of Thin Films
For the Most Challenging Applications

,_.__-——-—"———_J Y

Detectable range down to 10-3g/(m2eday)

Multidirectional Sensitivity

Utilizes patented tritiated water tracer process

Measures continuous real-time permeation

Profiles permeation across full temperature range
(20 - 150°C)

» Characterizes film and seal permeation

0:0 GENERAL ATOMICS

Contact us to learn more
Dr. Benjamin Russ | Ben.Russ@GA.com | +1-858-455-3902
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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
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