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An Optimistic Outlook
by Stephen Atwood
It’s hard to believe we’re at the end of another year already.
I said in January that I was hoping this year would bring
more investment and hiring within the industry, and fortunately that seems to have happened, to some degree. For
example, we learned in May about the substantial manufacturing infrastructure investments being made in China over
the next few years for both LCD and OLED panels. We
saw global TV shipments rise 15% year over year in the fourth quarter of 2010 to a
record 77.6 million units. That made for a nice holiday sales bump that everyone
needed to see. However, in August we learned from our friends at DisplaySearch that
by the end of Q2 ’11, shipments of all large-area TFT-LCD panels had grown only
6% year over year, and the outlook had turned flat to even negative for the rest of the
year. The momentum for LCD TVs, which now represent about 80% of the worldwide market, seemed to stall even worse. But, by the time we got to October, we
learned that LG had shipped about 6.6 million units of flat-panel TVs in Q3 ’11 which
LG said in its press release was “more than the company has ever shipped in a single
quarter.”
In the industrial-displays marketplace, we saw numerous signs of improvement
driven by expansion in retail, industrial automation, oil and gas exploration, and
digital-signage activities. Planar Systems reported in May that its revenues increased
21% year over year, with the largest component being digital signage. e-Reader
displays were red hot in 2011, with very strong sales of both the Nook and the Kindle.
E Ink holdings reported year over year sales growth of 67% in the summer of 2011.
Many major distributors also told us their total LCD panel shipments were up, with
new commercial/industrial product developments coming on-line. And, of course, the
demand for consumer hand-held devices such as iPhones and tablets was positively
voracious.
We also saw significant investments in certain technology areas, including OLEDs,
flexible backplanes, quantum dots, oxide semiconductors, electrowetting displays, and
even a new type of laser-projection technology – just to name a few. It is this kind of
long-range vision that builds the annuity for all of us to benefit from in later years, and
as I’ve said before, the companies with the courage to invest during the downturns are
likely to be the ones in the best positions as the markets recover. I believe we are
seeing that recovery in process.
However, we also saw tragedy this year in the terrible events on March 11 in Japan.
The combination of a 9.0-scale earthquake that lasted literally minutes and a subsequent tsunami that swept the low-lying region around Sendai produced a human and
commercial catastrophe I doubt any of us had anticipated. The fact that the display
industry was largely unaffected was a lucky break. That the aftermath did not cause a
larger global tsunami on the world’s manufacturing economies through disruption of
supply chains was miraculous.
So, although the news this year was mixed, I think for the display business overall
the recovery is firmly under way.
Our issue this month is focused on the landscape of TV technology and developed
from a different point of view to appeal to the consumer in each of us. Ever get a call
from a friend or neighbor with the question: “What TV should I buy?” Answering that
question has probably never been harder, with all the options to choose: from 3-D
(continued on page 23)
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industry news
Information Display looks at TV licenses,
viewing trends, and the new Energy Star
standard in the U.S.
TV Licenses Are a Global Norm
It may come as a surprise to citizens of the
U.S., Canada, and a few other countries to
learn that much of the rest of the world pays a
license fee for the privilege of watching television. Countries that tax televisions include
the UK, the Republic of Ireland, France,
Germany, Austria, Japan, Israel, South Africa,
and many others.
In the UK, residents must pay an annual fee
of £145.50 for color and £49.00 for a blackand-white TV. Even if you catch all your
shows on a smartphone, you are not exempt.
TV licensing, the eponymous arm of the BBC,
states on its Web site: “You need a valid TV
licence if you use TV receiving equipment to
watch or record television programmes as
they’re being shown on TV. ‘TV receiving
equipment’ … includes a TV, computer,
mobile phone, games console, digital box,
DVD/VHS recorder, or any other device.” 1
Just because the license exists doesn’t mean
that everyone pays the fee. TV licensing uses
penalties and a public-relations campaign to

encourage compliance, as well as enforcement
officers, hand-held detection devices, and
specially equipped detection vans to discover
scofflaws watching illegally behind drawn
curtains. In the 2009–2010 period, collection
costs came to 3.5% of the total collected.
The UK TV licensing fee may sound
expensive to those unaccustomed to it, but
consider that it enables about 14 advertisement-free BBC television stations in addition
to ad-free radio and Internet programming,
and it starts to seem like a bargain.
In the U.S., Average Person Watches
Almost 5 Hours of TV per Day
According to the latest Nielsen State of the
Media Fact Sheet, the average American
watched 34 hours and 39 minutes of TV per
week in Q4 of 2010, a year-over-year increase
of 2 minutes. The heaviest users of conventional TV continue to be adults 65+ (47 hours
33 minutes per week), followed by adults 5064 (43 hours per week). The group behind all
others continues to be teens aged 12-17, who
watch the least amount of TV (23 hours 41
minutes per week).2
Energy Star 5.3 Is Here
A revamped Energy Star standard for television went into effect in September. The latest
standard calls for qualifying TVs to adhere to

a “hard cap” of 108 W no matter what their
size if they are to earn the well-known blue
sticker. (For analysis of the new Energy Star
standards, see the interview with plasma pioneer Larry Weber in this issue.) Among
those sets that qualified for certification under
the previous version, 4.2, 14% consume more
than 108 W (mostly 2010 models).
Because Energy Star is not a regulatory
program – it has no bearing on whether particular electronics can or cannot be sold; only
whether they can bear the sticker – it remains
for consumers who want larger TVs that consume more than 108 W to decide whether they
will buy them anyway. Many experts think
they will. Still, Energy Star has a “trickle
over” effect. States such as California that
traditionally seek to regulate these matters
more aggressively often take their cues from
voluntary compliance programs like Energy
Star.
References
1
http://www.tvlicensing.co.uk/
2
http://blog.nielsen.com/nielsenwire/wpcontent/uploads/2011/04/State-of-the-Media2011-TV-Upfronts.pdf
3
http://www.energystar.gov/index.cfm?c=
archives.tv_v5_3
– Jenny Donelan
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Why Should I Choose a Plasma TV?
Taking another look at plasma technology? Curious about its endurance in a
marketplace seemingly dominated by LCDs? Information Display talked with
plasma-pioneer Larry Weber about price, lifetime, contrast ratio, the new
Energy Star standard, consumer confusion, and more to find out about the
many advantages of plasma TVs and the reasons for their longevity.

Interviews compiled by Jenny Donelan

L

ARRY F. WEBER is widely considered the
founding father of commercial plasma television.
At the University of Illinois at Urbana-Champaign,
Weber studied under Donald Bitzer and Gene
Slottow, who invented the first plasma-display
prototype. Weber received his B.S., M.S., and Ph.D.
degrees in electrical engineering from the University
of Illinois and became a research associate professor
there before going on to co-found Plasmaco, Inc.,
in 1987. In 2000, Weber received the Society for
Information Display’s Karl Ferdinand Braun Prize,
“for pioneering contributions to plasma-displaypanel technology and its commercialization.”

Q: What are the advantages to plasma for
home entertainment?
A: What I tell people about plasma is that you’re going to get the
highest quality image for the lowest price. It excels not only in
response time but in high contrast ratio, particularly in a dark environment. That contrast is important when you’re watching a dark movie
at night in your living room.

Q: Has plasma found new life in part because of 3-D?
A: Being fast [capable of very-high-speed frame rates and fast pixel
response times] is important for 3-D, and plasma is fast. It clearly does
look better than LCDs in 3-D. But how important is 3-D? I don’t
know; it’s hard to tell at this point.

Q: You’ve championed plasma most of your life, but LCD
TVs dominate the market. How does plasma really
compare to liquid crystal?
Jenny Donelan is Managing Editor of Information Display magazine.
She can be reached at jdonelan@pcm411.com.
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A: I have LCD TVs in my house, and I believe
there are environments where LCDs really fit and
do better than plasma. When people ask me about
buying an LCD TV or a plasma TV, the first thing
I ask is how bright is the room? If the room where
you are going to be using the TV is really bright –
the sunroom or the kitchen – you definitely want
an LCD TV because plasma reflects the ambient
light, just like a CRT does. It’s one of the weaknesses of plasma.
Low ambient is where the plasma really shines
because you can turn those pixels virtually all the
way off. The LCD, on the other hand, has a very
bright backlight; typically 20 times brighter than
the peak luminance of the display, and so it is a
challenge for the closed LCD shutter to completely block the backlight. When the LCD is used in a dark screen
(which you do not see very often in store show rooms), the corners will
often be brighter. This is because the sets are frequently built using
edge-lit LEDs (light-emitting diodes). Very few TVs use the full array
of LEDs on the back because you need a lot of LEDs to do that [and it
increases the price]. With the edge-lit configuration, LED light comes
from both the horizontal and the vertical edges of the display, which
creates visibly more light in the corners. The plasma just doesn’t have
that; the light is generated from each individual pixel, so it is emitted
uniformly across the entire screen.
It’s also important to consider contrast ratios. What contrast ratio
can you get at different viewing angles? Whenever manufacturers
quote contrast for LCDs, they are measuring it straight on, and it’s
best straight on. If you go off-axis very much, the imagery starts to
degrade, and you’ll see dark blacks that look like grays along with
visible color shifts. With plasma, the color and contrast ratio doesn’t
change with direction. So, the off-axis viewing angle of an LCD
doesn’t match the plasma, or its color imagery.
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Also, many people like the plasma because it has a softer, more
natural look – a bit like the CRT that we are used to. The LCD has a
harsher look, but some people like the super-sharp kinds of images that
the LCD creates. It’s all a matter of preference.
One relatively unbiased group that tells a story about LCDs and
plasma is the movie industry – the people who work in post-editing.
These guys are perfectionists. They want the best image possible when
editing film. What’s happening now in this industry is that the CRTs
they’ve used are aging and can’t be replaced. The movie-industry
editors aren’t moving to LCDs; they are using plasma. They consider
LCDs insufficient due to the contrast and color change with viewing
angle. Of course, these guys are looking for little nits. They need to
find every last little error and get rid of it and for that they need a panel
that will be able to perform by giving them the highest-quality image.

What the LCD does have is wonderful marketing. Consider those
“LED TVs,” for example. Of course, these are LED backlights in an
LCD TV, but many people out there buying these sets think they’re a
completely new technology – “LED TVs.”
So the distinct advantages of plasma are its contrast ratio, its viewing
angle, its consistent color coordinates, and the speed of the imagery. These
are all very important issues for the home user, but the last one I should
mention is price. The price of plasma is lower than that for an LCD.
Last year, plasma sold 19 million sets worldwide; it actually took
market share from LCDs. How do most people buy TVs? They get
the cheapest one they can. There are some people who wouldn’t do
such a thing, but most buy on price. The plasma companies have been
able to cut prices, while still making money. Plasma costs less to manufacture; it’s really a simple device.

Plasma Manufacturers’ Perspectives
Plasma Is Stronger than Ever
From Tim Alessi, Director of
New Product Development,
LG Electronics USA.
Plasma technology has always been
appreciated not only for its fast response
times and smooth motion, but for its
ability to render the deepest black levels
and rich, accurate colors. While the
most recent advances in LED (light-emitting-diode) backlit LCD sets have closed
the gap somewhat, plasma is still the
natural choice for discerning hometheater enthusiasts.
LED-based LCD TVs will always have
an advantage in power consumption due
to the nature of the technology, but
plasma has made significant advance-

ments in reducing power consumption.
For example, one of our current 60-in.
plasma sets would cost about $15 more
per year to operate than a 65-in. LEDbacklit LCD TV (closest size match). For
someone who appreciates the performance of plasma, this would not be a
significant factor in the purchase decision.
There are tremendous values in
plasma at every screen size. Generally
speaking, a consumer could find a
plasma TV for between 10 and 20% less
than a similarly sized LED-backlit LCD,
depending on the features. The great
picture performance in plasma, coupled
with the price advantage, offers tremendous value across the board. With
regard to full HD vs. 720p panels, the
market is about 3:1 in favor of 720p,
due to the great values in 42- and 50-in.
sizes.
Our plasma business has been
stronger than ever in the U.S. and we’re
looking forward to introducing our new
lineup at CES in 2012.

to the production studios for movies and
TV and they won’t even let an LCD in
the door. The viewing angle alone is
where plasma is better. With LCDs, you
have motion blurring. And the local
dimming technology in LCDs can lead to
“halo” effects.
There is still plenty of room for LEDbacklit LCDs as well as plasma. In a
bright-ambient setting, the LCD is better. That’s why we sell a lot of LCDs for
signage.
With regard to Energy Star and
energy usage, plasma TVs are not
energy hogs anymore. Our plasma
models meet the Energy Star standards.
We still see a lot of legs in plasma.

Best Image Quality
From Jim Noecker, Sr. Business
Development Manager, Flat Panel
Displays.

LG’s PZ950 is the company’s flagship
50-in plasma TV.

Our high-end customers agree that
plasma continues to be the best in terms
of image quality. For example, we sell

Panasonic’s G10 plasma TV is a
54-in. 1080p model belonging to the
company’s Viera line.
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Q: For years, plasma TVs have come under fire for using
too much energy, even as manufacturers have lowered the
required wattage. Do power-saving LED-backlit LCDs
make it more difficult for plasma to compete?
A: Most plasma and LCD models right now meet the EPA Energy
Star standard, which is getting to be pretty challenging. This has been
a horse race in which one technology gets a little ahead, then the other
catches up, and so on. Right now, I think plasma is slightly ahead of
CCFL LCDs. And I believe the LED LCDs are probably a bit lower in
power than plasma.
But they are all getting to be pretty low power. The new Energy
Star standard, 5.3, which came out last September, was calculated
in a new way. In the past, the authors acknowledged that power
was going to scale with the area of the display. If you are putting out
more lumens, you’re going to dissipate more power – that’s only
logical. But for standard 5.3, they used a linear scale with area up to
108 W. Once you get there it plateaus and stays at 108 W no matter
how big the panel is. A 65-in. panel is going to pull more than 108 W,
so it’s not going to get an Energy Star sticker. That’s going to cause
trouble for both LCD and plasma. I think in the plasma world, the
42- and 50-in. models will probably make the standard, but not a 65-in.
model.
What is really of interest is the 108 W. In the early days, a 50-in.
plasma used 550 W. There have been tremendous advances, and 108 W
is remarkable.
So, to sum up, the LED backlit is a little better in terms of energy
usage, but the differences may not be too important. Let’s say the LED
panel uses 88 W and the plasma panel uses 108 W – a difference of
20 W. When you go into the stores now you will see these yellow tags
on the sets that indicate what the annual cost is going to be in terms of
power. If you watch 4 or 5 hours of TV a day, 20 W may cost a couple
more dollars a month. If you compare that cost per month with the
overall panel cost, I still think you’ll find the plasma will provide a
lower total cost of ownership than the LCD.

Q: What about some of plasma TV’s perceived disadvantages,
such as maximum luminance, lifetime, burn-in, and weight?
A: For maximum luminance, you’re going to do better on the LCD
than the plasma. An LCD can have a backlight of any luminance you
want. The plasma can’t do that. It’s constrained by what the plasma
pixels can do and how fast they can pump out light pulses. Everything
is done with the pixel. The LCD does everything with a systems
approach; it uses the backlight as one part of the system, the liquid
crystal as another part, the brightness-enhancement films as another,
and so on. But do you need maximum luminance? The high luminance is useful if you have high ambient illumination, but you really
don’t need it otherwise. So that’s a disadvantage to plasma but I don’t
think it’s a large one.
Lifetime is not a disadvantage; it’s a big advantage for plasma.
Plasma’s guaranteed lifetime to half-luminance is 100,000 hours. You
won’t find a number near that for an LCD; the highest you’ll see is
50,000 or 60,000 hours. The backlights are made up of two possible
technologies: CCFL (cold-cathode fluorescent lamp) and LED. CCFLs
burn out at a certain age. LEDs also are not infinite life devices. They
will fail and lose luminance and LEDs will shift color. They are very
sensitive to temperature in terms of color.
6
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With regard to burn-in, plasma was the first display out there with
large screens, so a lot of them were put in airports and public places
where they have the display on 24 hours a day and there might have
been some number on in the corner all the time, which left a fixedpattern image. Since then, the phosphors in plasma have gotten much,
much better. That’s why they have such a long half-lifetime now. I
have a 50-in plasma TV [in my house] that’s on much of the time,
sometimes even in freeze mode when my wife pauses it and comes
back 3 or 4 hours later. It’s about 9 years old – I wrote an article on it
in 2003 for ID magazine. That panel is still going and there’s no sign
of burn-in. The other panel I bought at the time for that very article
was a 32-in. LCD. It has failed miserably. It has a big blob in it that’s
due to the liquid crystal. But there really isn’t a plasma burn-in issue
for TV images. If you put a fixed pattern image on any emissive display – CRT, OLED, plasma – yes, burn-in can happen. But TV images
aren’t that way. They move around.
The plasma is a little heavier than the LCD because the glass is
thicker. The LED backlights can be pretty light and the glass for the
LCD is usually lighter. But are you carrying these around?

Q: What about pixel resolution?
A: It’s all the same now – HD [up to 1080p]. I should say that even
though HD plasma is sold and you can buy it in full high resolution, a
lot of people buy the 720p panels and they do that because they’re
$100 to $200 cheaper. The resolution is there; it’s available, but many
people want a bargain. The major choice you have today is size, which
keeps getting bigger and bigger.

Q: Are companies closing their plasma lines or holding
strong? How many plasma manufacturers are left?
A: Last year, the number of panel manufacturers was three. The players were Panasonic, Samsung, and LG. The year before, there were
four, but Pioneer sold its operation to Panasonic. The year before that,
Hitachi was in operation, but it sold its line to a Chinese company, so
that this year we have a new plasma manufacturer, which is
Changhong. They are a giant, well-established TV company in China.
In addition to the old Hitachi plant, they just finished a new $1B plant
in Szechwan. I went through it about a year ago when it was just in
pilot production.

The Future of Plasma
Last year, 19 million plasma TVs were sold. This was a record, even
though there have been a lot of market people predicting the demise of
plasma for the last 10 years. The LCDs were going to take over!
LCDs certainly did a great job of capturing market share, but it didn’t
put plasma out of business. Plasma continued to grow, although it
didn’t grow as much as it would have if the LCD wasn’t there. So,
LCD took the icing off the cake but didn’t eat the whole cake. Last
year, plasma even recovered some of the market share from LCDs.
The next competition will be OLED TVs (organic light-emitting
diodes). But they are going have a hard time with price. They can’t be
as cheap to make as the LCD variety. And they still have to demonstrate their 100,000 hours of life, which is going to be difficult. But
they sure look good! ■

The Competition is
Going
to
be
Intense.
Nominations are now open for the
SID Annual Display of the Year Awards.

Categories:
Display of the Year Award
Granted to the display with
the most novel and outstanding
features.

The year’s hottest displays, display applications, and components.
They’ll all be competing for SID’s annual Display of the Year Awards.
So get creative and tell us why your exciting, innovative product picks
should be selected.
Submit your contenders today for the Display of the Year Awards.
Remember, it’s the industry’s most prestigious honor, given annually
by the Society for Information Display (SID). SlD members and
non-members alike can nominate one or more products, choosing from
any of those introduced into the market during this calendar year.
For more information, or to submit a nomination, visit: http://www.sid.org/
AboutSID/Awards/DisplayoftheYearAwards.aspx. All nominations must be
received by December 31. The Display of the Year Awards are to be announced and
presented at Display Week, the Annual SID International Symposium, Seminar
and Exhibition to be held in Boston, Massachusetts, June 3rd to the 8th, 2012.

Display Application of the
Year Award
Granted for a novel and
outstanding application
leveraging a display.
Display Component
of the Year Award
Granted to a novel component
that significantly enhances
the performance of a display.

Gold and Silver awards
are presented in each
of the three categories
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Navigating This Year’s Models
The average consumer who sets out to buy a TV has questions. The scene at the average
electronics store, with its rows upon rows of TV sets all displaying identical flickering
content, often leads to more questions. Since buying a TV can be overwhelming for
anyone, Information Display asked a knowledgeable retailer for answers to some
of the most common TV buying questions. In addition, we highlight the kinds
of products consumers can expect to see in stores right now.

by Jenny Donelan

A

N UNCERTAIN ECONOMY has
been affecting manufacturers, retailers, and
consumers alike, but if you do happen to be
looking for a TV this holiday season, you are
in luck. It is a buyer’s market, with both
plasma and LCD models packing more features for lower prices than ever before. It is
true that November and December are not the
best time to find the very latest TVs in stores.
Most of the top TV makers introduce their
new models at the Consumer Electronics
Show in January, and those do not usually
ship until the Spring. The flip side of this is
that what’s available now tends be mature and
market-tested.
Information Display recently caught up
with Robert Zohn, president of Value Electronics,
an audio–video retailer located in Scarsdale,
NY. Value Electronics is serious about TV
technology, conducting an annual “shoot-out”
in which flagship flat-panel HDTVs from
different manufacturers are compared both
out of box and after calibration. A panel of
approximately 70 invited enthusiasts and
experts vote for the winners.
The company has both a storefront and an
Internet business. Its customers range from
“regular” types, to well-informed and passionJenny Donelan is Managing Editor of
Information Display magazine. She can be
reached at jdonelan@pcm411.com.
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ate videophiles, to ultra-wealthy residents of
the area who, Zohn says, want the very best,
but usually do not want to know about the
details. Across the board, he says, the following are the most common questions that
customers ask.
1. Can you explain the difference between

LCD and plasma? According to Zohn,
who sells both varieties, plasma provides
a better picture for the money for most
people. It has better off-axis viewing and
better contrast. (Although be sure to see
the results of his store’s seventh annual
shoot-out at the end of this story.) The
LCDs, both the CCFL- and the LEDbacklit variety, are definitely brighter.
“LCD is gaining in popularity every
year. People are drawn to that bright
image in the store,” says Zohn. “They
definitely like the ‘punchy’ look of an
LCD.” They do not always like it as
much when they get home, he notes. The
newer LED-backlit LCD TVs with local
dimming have better blacks than they used
to, but they also have problems such as
“blooming,” with halo effects around
some text and imagery. For a more
detailed answer to this question, see the
article “Why Should I Choose a Plasma
TV?” in this issue.
2. What TV is better for what viewing
environment? Plasma works best in
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darker environments, whereas LCD
handles ambient light better. For a
sunny room, where plasma’s reflective
attributes will make the picture harder to
see, LCDs are great. In general, though,
for a better overall TV viewing experience that includes plasma, “We recommend window treatments,” says Zohn.
3. How can I mount this TV? “People
have a lot of challenges with wall
mountings,” says Zohn. This has
become increasingly frequent with
the new, larger flat panels. “We’ve
certainly tackled some unique custom
mounting jobs – on the ceiling, in the
corner, etc.,” he says, adding that there
is usually a way to do what the customer
wants.

Fig. 1: Samsung’s 55-in. LED Series 8000
ultra-slim-bezel Smart LCD TV.

4. What’s the difference between models

as you step up the prices? People often
want to know what they do and do not
need to pay for. According to Zohn,
your money buys you a step-up from
CCFL backlighting to LED backlighting
for LCDs, then increased frame rates,
from 60 to 120Hz and to 240 Hz, and
also smart TV and wireless capabilities.
5. Do I really need 3-D if I’m not interested?
Customers often hope to save money by
dispensing with a feature they do not
think they want, says Zohn, but most
mid-range TVs are 3-D ready anyway.
He’s a strong believer in the technology
“Most people are not into it but when
they see it, they realize it’s great.” Zohn
believes that active-glasses technology is
the way to go for most consumers. “The
off-angle viewing is much better [than
passive], plus the price for the glasses has
gone down a lot, from $180 a pair to $30–80
a pair.” The second-generation activeshutter glasses are also much lighter,
weighting less than 1 ounce. “You do
not even know you are wearing them.”
6. What about smart TVs? “People want
to know what they can do with it,” says
Zohn. This feature seems to be a stronger
selling point than 3-D.
One feature customers tend not to ask about
is energy efficiency. “I would say 25–30% of
customers have a modest concern,” says
Zohn, adding that TVs are becoming so
energy efficient that there is not a great deal
of difference between them anyway.

Surprise Results at the Shoot-Out
Value Electronics has been conducting its flatpanel shoot-outs for 7 years now. Every year,
plasmas have won the top honors – until the
most recent shoot-out, conducted in October
of 2011. “This is the very first year that the
LCD has won,” says Zohn. The winner was a
Sharp Elite LED-backlit TV with 300 zones of
local dimming. Even the off-axis viewing, says
Zohn, was very impressive. However, the 70-in.
version retails for $8000 and the 60-in. for
$5499, so this one may not find its way into
everyone’s Christmas stocking. To find out
more about the shoot-out, visit Value Electronics’ Web site at www.valueelectronics.com.
The following are some of the latest models
you can expect to see in stores.

Samsung
Samsung is currently promoting three lines:
LED-backlit LCDs, which it simply calls “LED
TVs,” CCFL-backlit LCDs, and plasma units.
One LED-backlit LCD product line features
ultra-slim TVs with ultra-slim bezels, as seen
in Fig. 1.

Fig. 5: Sharp’s 60-in. PRO-60X5FD.

Sony
Sony’s Bravia series, introduced at last year’s
CES, represents the flagship LCD line for the
company. The 2011 BRAVIA LCD HDTV
series (Fig. 2) includes 16 3-D-capable
models and 22 Internet-connected models,
ranging in screen size from 22 to 65 in.

LG Electronics
LG Electronics is promoting the LW980S
(Fig. 3), a top-of-the-line LED-backlit LCD
TV that combines LG’s CINEMA 3-D technology and smart-TV functions.

Panasonic
For the 2011 Viera Full-HD 3-D line-up
(Fig. 4), Panasonic extended immersive 3-D
technology to its LED-LCD units, with two
models, the 37-in. TC-L37DT30 and the
32-in. TC-L32DT30.

Sharp

Fig. 3: LG’s LW980S backlit TV.

Sharp announced the return of the Elite brand
with full-array LED-backlit LCD panels in
60- and 70-in. models (Fig. 5). ■
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Fig. 2: Sony’s Bravia EX520.

Fig. 4: Panasonic’s Viera with 3-D capability.
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4K Projectors Come to Home Theaters
Anyone who has seen 4K-resolution images on big-screen displays
knows how detailed and impressive these images can be.
Now it is possible to have 4K projectors for personal home theaters.

by Chris Chinnock

H

OME-THEATER PROJECTORS,
those with 1080p resolution and higher, represent a small but important segment of the
display industry. With ever increasing performance and falling prices, high-quality 1080p
home-theater projectors can now be purchased
for as little as $1500. Other products span the
range to over $100K, so it is possible to pay
anything you want (or can afford) for a hometheater projector.
At CEDIA 2010, the big news was the
introduction of the first 1080p 3-D projectors
using LCOS and DLP technology. At CEDIA
2011, Insight Media saw the expansion of 3-D
projector models with LCOS and DLP technology as well as the introduction of 3-D
projectors using 3LCD technology. In addition, we saw the debut of 4K projectors from
Sony and JVC – but using different technical
approaches. Such innovations continue to
make this segment interesting and relevant.

Sony Goes for Native 4K Approach
Sony Electronics has unveiled the VPLVW1000ES4K projector, which uses a trio of
4K (4096 × 2160) native-resolution SXRD
(LCOS) panels to create a beautiful image.
The new projector uses 0.74-in. SXRD panels
– half the diagonal size of previous 4K microdisplays from the company. That represents a
pixel pitch of just over 4 µm – a state-of-theart density.

Chris Chinnock is with Insight Media. He
can be reached at 203/831-8404 or chris@
insightmedia.info.

With 2000 ANSI lumens of brightness,
the VPL-VW1000ES4K projector (Fig. 1)
delivers nearly twice the output of previous
Sony home-theater projectors, making it suitable for screen sizes up to 200 in. diagonally
in 2-D mode and 150 in. in 3-D mode. The
VW1000ES4K model also employs an
entirely new SXRD 4K panel, which produces
deep black levels. When combined with
Sony’s Iris3 technology, the projector can
achieve a dynamic contrast of 1,000,000:1.
The VW1000ES4K projector includes an
exclusive 4K “upscaler” that dramatically
enhances all content – SD or HD, 2-D or 3-D
– allowing viewers to see 4K playback, even
from their existing media libraries. Other
features include an integrated IR transmitter
that drives the projector’s TDG-PJ1 activeshutter 3-D glasses, dual triggers, a 2.1 motorized zoom, expanded throw distances, a
RS232 interface, control over IP, and compatibility with leading home automation systems.
Sony acknowledges that there is no infrastructure for delivering 4K video to homes
today, but the company hopes to see new
Blu-ray players and AV receivers that can
support 4K content and for Hollywood to
release content in this resolution. The HMDI
1.4a standard does have provisions for delivery of 4K content, but to the best of our
knowledge, no silicon solutions can support
this data rate yet. The one source of 4K content available to consumers is still images that
they can capture with imagers that have more
than 8.8 Mpixels. These are readily available
today and 4K consumer video camcorders are
probably not that far off either.
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We had a chance to see a demo of Sony’s
4K projector vs. a 1080p projector with 4K
upscaling. Identical 4K images were used
with the native-resolution image fed to the
VW1000ES4K projector and a downscaled
1080p image fed to the other projector. What
was unclear is how this 1080p image was then
processed to show the 4K image.
The side-by-side comparison did show a
difference in image quality, with fine details
being sharper on the native VW1000ES4K
projector. Sony said the VW1000ES4K will
sell for under $25K, but JVC’s e-Shift 4K
projector (described next) will be half the
price, which will certainly be appealing to
consumers.
Sony said the VW1000ES4K is the first in a
new line of projectors the company will offer
with native 4K panels. Mike Abary, Senior
Vice-President of Sony Electronics’ Home
Division noted, “We’re also adding resources
to support our leading service programs and
working with channel partners to provide dedicated support and training that no other company can match.” The VW1000ES4K should
ship in December, but it is unclear if this
includes a lens or not.

JVC Debuts e-Shift QFHD Technology
While Sony has taken a native 4K panel
approach to offering a 4K home-theater
projector, JVC has taken a different path.
JVC achieves 4K (actually QFHD resolution
of 3840 × 2160) images by using a 1080p
panel and electronically shifting it in space to
create a 4K image at the screen surface. JVC
calls this e-Shift technology, and it will proba-

bly have a big impact on the home-theater and
professional markets (see Fig. 2).
The concept of spatially shifting a projected
image to fill in additional pixels and thereby
increase the on-screen resolution is not new.
Insight Media knows of at least three efforts
that have produced higher-resolution images in
this manner. One question that many are sure
to ask is Who controls the IP around this issue?
We saw a demo of this e-Shift technology
at CEDIA and found the resulting image to be
excellent. JVC includes algorithms that focus
on identifying and enhancing fine details – and
they are apparent in the upscaled QFHD image.
JVC will offer the upconverting technology
in four of its seven new 3-D-enabled projec-

tors (see Table 1) that boast a wide range of
advancements. However, the 3-D mode does
not work with e-Shift, so 3-D content is
shown in 1920 × 1080 resolution.
Earlier this year, NHK Science & Technology Research Laboratories, NHK Engineering
Service, Inc., and JVC Kenwood Corporation
collaborated in the development of a Super
High Vision projection system that utilizes
e-Shift technology. Now, that technology
is available in the DLA-X90R/DLA-RS65
and DLA-X70R/DLA-RS55 projectors.
These projectors replace last year’s DLA-X7/
DLA-RS50 and DLA-X9/DLA-RS60 pairs
but add all the new features for the same
pricing.

Fig. 1: The Sony VPL-VW1000ES4K projector includes a 4K “upscaling” feature that enables 4K playback, even from pre-existing media.

The paired models are essentially the same,
but with different distribution channels.
These models are also scheduled to undergo
THX 3-D certification, which uses more than
400 laboratory tests to evaluate color accuracy, cross-talk, viewing angles, and video
processing to ensure superior out-of-the-box
3-D and 2-D display performance.
These e-shift models include a new 1/16
pixel-shift function to precisely tune convergence via 121 adjustment points (11 vertical ×
11 horizontal) and an increased number of
screen-mode preset positions. There are
also three xenon-lamp color modes that
emulate the characteristics of high-end movie
projectors.

Fig. 2: JVC’s DLA-X90R projector incorporates the company’s new
e-Shift technology.

Table 1: JVC’s new lineup of home-theater projectors are all available in time for the holiday season.

Model

Procision Series
(Consumer
Distribution)

DLA-X90R

X

DLA-X70R

X

DLA-X30

X

Reference Series
(Professional
e-Shift
Distribution)
Technology

THX Cert. &
ISF Calibration

Native Contrast
(wire grid polarizers)

3-D Glasses

MSRP
Price

X

X

120,000:1

2 pair included

$11,995

X

X

80,000:1

Optional

$ 7,995

30,000:1

Optional

$ 3,499

2 pair included

$11,995

DLA-RS65

X

X

X

120,000:1

DLA-RS55

X

X

X

80,000:1

Optional

$ 7,995

DLA-RS45

X

30,000:1

Optional

$ 3,499

DLA-RS4800

X

55,000:1

Optional

$ 4,999

ISF only
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All seven of the above projectors are available now, are 3-D-enabled, and offer several
3-D performance and feature enhancements:
• A 2-D–to–3-D converter that converts

•

•

•

•

•

2-D program material to 3-D using technology derived from JVC’s professional
2-D–to–3-D converter. Included are user
adjustments for 3-D depth and subtitle
geometry correction.
JVC’s 3-D anamorphic feature combined
with an optional anamorphic lens make it
possible to enjoy 3-D movies in the
popular 2:35 scope format.
Compatibility with a wider range of 3-D
broadcasts, including 1080p/24 and 720p
side-by-side formats.
Brighter 3-D images than previous models through the use of an improved driver
that keeps the shutter on the activeshutter 3-D glasses open longer, thus
allowing more light to enter, while at the
same time minimizing cross-talk.
A cross-talk canceller further reduces
cross-talk through analysis of the left-eye
and right-eye signals and by applying
appropriate correction (this sounds
similar to “ghost busting” technology
developed by RealD).
A parallax adjustment allows the user to
tailor the 3-D image effect.

• Direct access to 3-D formats and settings

on the remote control.

Epson and Panasonic Introduce 3-D
Projectors Using 3LCD Imagers
Thus far, 3-D projectors based on DLP and
LCOS technology have dominated the commercial and custom install markets. Now,
3LCD technology can offer 3-D images too.
At CEDIA, Epson took the wraps off five 3-D
projectors, while Panasonic showed its first
3-D 1080p home cinema model – all using
newly developed 3LCD panels that operate at
a 480-Hz refresh rate, which Epson calls
“Bright 3D Drive.”
This high-speed addressing allows 3-D
images to be about 1.5× the brightness of 3-D
images produced by 240-Hz HTPS panels. Note
that Epson is not claiming the projectors are 1.5×
brighter than DLP 3-D projectors, but that the
drive scheme of a 240-Hz panel will enable
this increase compared to a 240-Hz panel.
This high speed of addressing is enabled by
the use of the Epson D9 process for the hightemperature polysilcon (HTPS) backplane.
The increased brightness comes from the
reduced blanking time required for 480-Hz
addressing compared to 240-Hz addressing,
as shown in Fig. 3. In 3-D HTPS systems, the
image needs to be blanked while both the left
and right images are on the screen. This can

Fig. 3: Epson’s 3-D timing diagram for its 480-Hz projector panel shows how 3-D imagery can
be made brighter. Source: Epson.
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be done either by turning off the light source
or by closing both shutters in a shutter-glass
system or by using both techniques.
In 240-Hz addressing, portions of both
images are on the screen for 1/240 sec or
4.2 mS for each image while for 480-Hz
addressing, portions of both images only
appear on the screen for 1/480 sec or 2.1 mS.
Note that with either 480- or 240-Hz drives,
one addressing cycle must be blanked when a
3-D image is displayed. The increase in
brightness comes from the fact that this
addressing period is significantly shorter with
480 Hz than with 240 Hz.
In either the 480- or 240-Hz case, however,
the overall refresh rate seen by each eye is
60 Hz. While these panels are discussed by
Epson in terms of shutter-glass 3-D systems,
the polarized nature of 3LCD projectors
would also allow the panels to be used in
projection systems that employ passive
glasses. The 1.5× brightness advantage of
480-Hz panels vs. 240-Hz panels would be
the same regardless of whether active or
passive glasses are used.
In its Home Cinema line, Epson introduced
four new models: the 3010, 3010e, 5010, and
5010e. Perhaps the most interesting unit in
this lineup is the entry-level Home Cinema
3010. This unit offers 2200 lm, FHD resolution, a dynamic comtrats of 40,000:1, splitscreen mode for watching two pictures at once
or watching TV and using the Internet at the
same time, built-in 2-D–to–3-D conversion,
and 3-D operation via shutter glasses for only
$1600. The panel updates at 480 Hz, but 3-D
images are refreshed at 120 Hz. The extra
cycles are used for frame interpolation to
reduce motion artifacts. The 3010e version is
the wireless model ($200 extra). It uses the
WirelessHD standard to send uncompressed
high-definition video over short distances to
the projector. Both will ship this fall.
The step-up 5010/5010e models offer the
same features and functions (speced with a
slightly higher brightness of 2400 lm), but
with a much higher contrast of 200,000:1.
The 5010 has an an MSRP of $2999; the 5010e
goes for $3499. Both are available now.
The 6010 model is part of the Pro Cinema
line with specs similar to the 5010, but it is
distinguished by having ISF certification, two
anamorphic lens modes, two pairs of glasses,
color isolation, a ceiling mount, cable cover,
and an extra lamp for installation flexibility.
The 6010 is available for $3999.

Architects of World Class
Display Enhancements
We had a chance to see the 6010 in action
at CEDIA, where the 3-D movie Yogi Bear
was playing in Epson’s theater. The colors
and contrast certainly looked good, but there
were some motion artifacts that were visible,
plus some minor ghosting and cardboarding.
A second demo featured Epson’s 2-D–to–3-D
conversion technology. The quality of this
conversion was just fair.
Panasonic’s new projector using these
panels is called the PT-AE7000. The optical
system features a new 200-W red-rich lamp
and the new LCD panels offer a higher aperture ratio for increased red luminance and
brightness output. The result is a 1080p
projector with 2000 lm and a 300,000:1
dynamic contrast ratio. The projector is also
equipped with a dual-core processing engine
so that it can process 3-D signals with all of
the benefits of 2-D image enhancements. It is
a shutter-glass-based solution that also
includes 2-D–to–3-D conversion and the
ability of the user to adjust the disparity and
color of the left- and right-eye images independently. The three HDMI inputs support
x,v Color and Deep Color, and there is lensshift capability for 100% vertical adjustment
and 26% horizontal adjustment. This should
be a pretty sweet home-theater projector. It is
available now with an MSRP of $3499.
In conclusion, it is fair to say that innovation continues to drive the home-theater
market. The projectors profiled here will offer
some of the best images consumers can see –
albeit at a price point that is much higher than
a comparable flat-panel TV. But a market
exists for these projectors and as long as it
does, we should continue to see cutting-edge
performance from this product area. ■
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The TV of the Future
Over the past few years, TV sets have incorporated numerous new technologies and features,
in some cases providing more than consumers have been able to utilize or afford. At the same
time, the need to improve profitability and tap into emerging markets has led to TV sets that
make explicit performance tradeoffs in favor of lower cost. In the near term, this has resulted
in a proliferation of choices. What does this tell us about the TVs that will be available in
2015 and beyond?

by Paul Semenza

S

EVERAL different TV technologies –
LCD, plasma, and OLED – are battling to
become “the CRT of the 21st century,” with
the LCD currently in the lead. The TFT-LCDs
have continued to expand their share of the
TV market, having passed 100 million units
shipped in 2008 and 200 million in 2011.
DisplaySearch forecasts that LCDs will reach
nearly 90% of the TV market by 2012. In
addition to growing with the overall TV
market, TFT-LCDs have also been taking
share from the cathode-ray-tube (CRT)
market, shipments of which fell below
100 million in 2008 and are expected to
approach 10 million in 2012, as even emerging
market households convert to flat panels or
choose an LCD as their first set.
After growing rapidly in 2010 in response
to a stall in LCD price declines, plasma-TV
shipments are falling in 2011 and are expected
to decline from 18 million units to 14 million
by 2015. At that point, plasma-TV makers are
expected to focus exclusively on the 50-in.
and larger market segment, where plasma
displays will maintain cost competitiveness
with LCDs. But just as rear-projection technologies were driven out of the market by the
economies of scale that flat-panel displays
Paul Semenza is Senior Vice President, Analyst
Services, for DisplaySearch. He can be
reached at paul.semenza@displaysearch.com.

enjoy, the investment in Gen 7 and larger
TFT-LCD fabs, combined with a lack of
investment in plasma, make it likely that
LCDs will eventually drive it out of the
market.
This leaves the question of the potential for
organic light-emitting-diode (OLED) based
TV. In theory, OLED displays have the
superior image quality (color gamut, viewing
angle, and response time) of an emissive
display, but at lower voltages, simpler structure, and far fewer materials than other emissive displays (CRT and plasma). At the same
time, it is an active-matrix technology and can
build on the TFT-manufacturing technology
developed for LCDs. Instead of combining an
active matrix with a complex system of creating and then shuttering light – as TFT-LCDs
do – active-matrix OLEDs (AMOLEDs) can
emit the color, brightness, and duration of
light as needed. In theory, AMOLEDs should
be able to compete effectively with TFT-LCDs
and eventually take over the TV market.
In practice, bringing AMOLEDs into mass
production has not been simple. Manufacturing TFTs that can provide the needed levels of
current across a large substrate, and developing processes for depositing the organic materials at high density on such substrates, have
proven to be difficult.1 At present, there are
more than two-dozen TFT-LCD fabs of Gen 6
or larger (factories that are optimized for
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32-in. and larger panels), but there is only a
single Gen 5.5 AMOLED fab. It will be
many years before there will be anywhere
near as many AMOLED fabs, even considering the possibility of conversion of existing
TFT-LCD plants. Given the cost advantage
from large-scale manufacturing, TFT-LCDs
are likely to continue to be lower cost than
AMOLED displays in TV panels for some
time to come.
DisplaySearch forecasts that OLED-TV
shipments will begin again (there were some
shipments in 2007) in 2012 and will approach
3 million by 2015, which will account for
approximately 1% of TV shipments. It is
likely that 2015–2020 will be a key period for
OLED TV to gain market share and represent
significant competition for LCD TVs. However, in addition to the challenges of moving
into high-volume manufacturing, OLED technology will have to compete with the everimproving TFT-LCD technology.
In recent years, LCD performance has
improved in the areas where OLED displays
have been assumed to be superior. A key
advance has been the development of LED
backlights, which have enabled increases in
color gamut and contrast ratio, as well as
greatly reduced panel thickness. In conjunction with faster liquid-crystal materials and
driving circuitry, LED backlights also enable
higher frame rates. Another area of signifi-

cant improvement has been wide-viewingangle operation, enabled by advanced TFT
architectures such as in-plane switching (IPS)
and fringe-field switching (FFS).

Will “High Definition” Become
“Medium Definition”?
An ongoing area of development in LCD TVs
is in resolutions beyond full HD (1920 × 1080),
with 4K × 2K and 8K × 4K sets having been
demonstrated. Most demonstrations to date
have utilized TFTs based on metal-oxide
semiconductors, a promising approach that
could also be utilized as an active matrix for
AMOLEDs. There will be challenges for
each of these technologies to realize such
high resolutions: for LCDs the challenge is
that the backlight brightness must be
increased significantly; for OLED displays,
there are no proven methods for depositing
organic materials at such high densities.
In order for TVs with such high resolutions
to become commercially useful, significant
expansions in video capture, creation, storage,
and transmission systems will be required. It
is also important to realize that years into the
transition to HD, most content is still in 720p
or other formats below full HD, but it is likely
that HD will not remain the highest – or even
the standard – resolution forever.

3-D Will Need to Lose the Glasses
Another area of rapid development in flat-panel
TVs has been 3-D, with intense competition
between active- and passive-glasses-based
systems. Active systems present left and right
images in a time-multiplexed fashion and use
switching glasses to select the image, while
passive systems use spatial multiplexing in
conjunction with polarizing glasses. Both
approaches involve compromises – the
switching in active systems can lead to flicker,
crosstalk, and other effects, while passive systems avoid these issues but at the possible
expense of resolution, a topic of some debate.
While the adoption of 3-D has been slower
than many TV makers had hoped, it is likely
that 3-D will become a standard feature in flatpanel TVs. Over the next few years, increasing
availability of 3-D content will create a concomitant demand for 3-D capability, while the
existing technologies will continue to improve.
It is clear that a significant barrier to
broader adoption of 3-D has been the requirement for glasses. Thus, in the longer term, the
most important development will be in

autostereoscopic technologies, which do not
require the use of glasses. Autostereoscopic
displays developed thus far have not had the
performance required for TV, but perhaps in
conjunction with the emerging high-resolution
displays, it is likely that such products will be
available over the next 5–10 years.

TVs Need to be Connected – But How
Smart Do they Need to Be?
With the proliferation of content beyond conventional broadcast, cable, or satellite access,
connectivity of the TV has become an increasingly important feature. Connectivity has
many forms, including the physical aspect
(wired, wireless) and the scope (point-topoint, local network), as well as the location
of the intelligence – in the TV or a connected
set-top box, Blu-ray player, game console, or
other device. It is clear that TVs must be able
to connect to wired and wireless devices in the
home, as well as the Internet, either directly or
through an auxiliary device.
Through much of the history of the TV, the
sets have been monitors – playback devices
connected to a signal, set-top box, or video
source. Often, new features are integrated
into the set when first introduced, but soon
move into a dedicated device that can be
upgraded separately from the TV set. Connectivity is the latest example of the tension
between embedding features in the set as
opposed to an external device. The concept of
Smart TV has been promoted by set makers as
the way to provide the highest level of integration of content sources, from broadcast/
cable/satellite, to media players, to content
from the Internet, to content from mobile
devices such as smartphones and tablet PCs.
The increasing use and integration of
mobile devices to consume video and other
“TV” content has led to increasing attention
paid to the interactivity of the TV with other
devices. Several TV brands, as well as Apple,
have promoted interactivity between their
mobile devices and TVs or set-top boxes.
This can include sharing/streaming of video
content, programming, and storage. Of
course, these devices can, in some cases,
supplant the TV, particularly in rooms where
a smaller, secondary TV might have been
used before the advent of mobile devices.

“Touch” TV Is Likely Impractical
In addition to the TV becoming more interconnected with networks and other devices, it

is likely that more powerful and flexible ways
for viewers to interact with and to control TVs
will be developed. Due to the distances at
which users interact with their TVs, it is not
likely that touch screens will become prevalent.
However, gesture recognition has already
proven to be a powerful and intuitive user
interface, as implemented in the Microsoft
Kinnect for its Xbox game console. Surely,
this technology will improve in the future,
possibly using facial recognition to allow for
customization of the user interface.
Another form of control that is currently
available is to use devices such as smartphones, tablet PCs, or personal media players
as remote controls, potentially allowing viewers to use the mobile device to monitor programming other than what is on the TV or to
take the current programming with them when
they are out of sight of the TV.

Too Many Choices?
Currently, there are two broad themes in TV
development. On the one hand, the industry
has pushed rapidly to drive adoption of full
HD, high frame rate, LED backlit, 3-D, and
connected TVs, with the hope that consumers
will pay a premium for such features. However,
perhaps due to high penetration and difficult
economic conditions in developed markets,
consumers have not embraced all these features
enthusiastically, and price elasticity appears to
have declined. In a study of over 14,000 TV
owners in 13 countries, DisplaySearch found
that the key drivers causing respondents to
replace a TV over the last 3 years focused on
improving the picture quality, getting a new
flat-panel TV, and upgrading to a larger TV.
New features such as 3-D, LED backlighting,
and Internet connectivity did not drive consumers to upgrade, though they may be valued
features if a consumer is already in the market
for a TV. The study found a slightly larger,
though still minor, impact of these features on
purchases planned in the next 12 months.
At the same time, with the increasing share
of emerging markets in the global TV business, a new set of designs, grouped under a
term called EMTV (emerging market TV), are
starting to have a noticeable and very different
influence. Here, the idea is to make the set
more affordable and provide a logical step up
from existing CRT sets. Generally, these sets
trade off the high-performance features in
favor of simplicity of manufacturing and
lower cost.
Information Display 11&12/11
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One approach is to eliminate much of the
backlight unit in favor of a simple array of
LEDs behind the panel. This lowers costs for
light-management components; by reducing the
brightness specification, fewer and/or lower
brightness LEDs can be used, also saving cost.
So-called “direct-type LED” sets can be sold for
a modest premium over that of CCFL-based
sets, with the tradeoffs being increased depth
and reduced brightness. A variation in this
design uses a single CCFL tube in a very deep
case that is close to the depth of a CRT, leading to the name “chubby TV.” This design
seems to be targeted at current CRT owners
who would like to move to flat panels but at a
very modest premium. Another design seeks to
approximate the performance of 120-Hz LCD
TVs by using a cheaper 60-Hz panel in conjunction with a scanning backlight. This opens
up the potential for a more-affordable 3-D TV.
These opposing trends are resulting in a
proliferation of LCD-TV designs, as can be

Backlight
source

CCFL

Backlight
type

Direct

Brightness
Bezel type

Frame
rate (Hz)

The Ultimate TV
Today, the “ultimate” TV is a flat-panel set
with high frame rate (at least 240 Hz), 3-D
capability, and Internet connectivity. What
might the ultimate TV look like in the future?
By 2015, we can expect much higher resolutions to be available (at least 4K x 2K),
enabled by new backplane technologies.
Some of the additional resolution will likely
be utilized to implement glasses-free
(autostereoscopic) 3-D. The TV will likely be
“smart,” meaning that it can operate on the
open Internet, network with devices including
fixed sources (pay TV and streaming set-top
boxes, game consoles, and PCs), and mobile
devices (smartphones and tablet PCs) and run

apps, widgets, and other software providing
advanced user interfaces and programming
discovery and recommendation functions.
This TV set will likely use an LCD panel
made with a lower-cost TFT technology such
as metal oxide, with advanced LCD modes
enabling wide viewing angle and high transmittance, as energy efficiency will continue to
be a requirement. The set will benefit from
continued developments in LED devices and
color-conversion materials. Looking past
2015, we can expect OLED TV to have made
noticeable inroads into the TV market, and to
start to compete for the “ultimate” TV by
exploiting its inherent ability for wide viewing
angle, high color gamut, and high-frame-rate
operation in a thin form factor. In order to be
successful, significant gains will have to be
made in large-area deposition of organic
materials at high densities. But OLED TVs
could also offer features that would be very
difficult for LCD TVs to match, such as

2D

Format

Set type

seen in Fig. 1. When all possible combinations of the performance attributes at the
bottom of the table are combined with the
wide variety of screen sizes, there are over
50 different set types possible.

3D

Chubby

Slim

Chubby
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low
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Slim

standard
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LED

Direct

Edge

Direct

Non-slim

normal

CCFL

LED

Edge

Direct

Non-slim
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standard

low

normal

narrow

60/120/
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240

Fig. 1: Current LCD-TV designs vary widely; many possible combinations are shown. Source: DisplaySearch.
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Fig. 2: The average screen size of TVs as reported by a multi-nation consumer survey shows
viewers in urban areas of China enjoying the largest sizes and viewers in India the smallest.
Source: DisplaySearch, Global TV Replacement Study.

paper-thin form factors – and even flexibility
– if processes such as plastic or metal-foil
backplanes and thin-film encapsulation can be
brought into mass production.
One aspect of TV sets that seems destined
to change less than many expect is screen
size. While average screen sizes will certainly
increase as the cost of 40+ and then 50+ in.
flat panels falls, and as higher resolutions
mean that larger screens will not necessarily
imply longer viewing distances, the ultimate
limit on screen size is not technological.
Rather, it will continue to be limited by things
such as architecture and living patterns. As
shown in Fig. 2, there is a wide range in the
average size of TVs in households across
different countries and within countries such
as China. Additionally, the availability of
alternative devices, such as tablet PCs, for
viewing TV content could indicate a trend
toward “personal” TVs sized for single-user
viewing from a short distance.
While display technology will continue to
evolve, it will become increasingly important
for the TV to allow for customization by the
viewer. The definition of the “ultimate TV”
will likely differ with the type of consumer
(age, income, and lifestyle), the region in
which the consumer lives, the location of the
TV in the home, and other factors. If TV sets

do not evolve with the changing ways in
which content is accessed, it is unlikely that
consumers will value them highly, raising the
possibility that they will continue down the
path of commoditization.
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For a preview of the papers go to sid.org/jsid.html.
Contributed Papers
Liquid-Crystal Displays (LCDs)
709–712 Transflective blue-phase liquid-crystal display with
corrugated electrode structure
Jian-Peng Cui, Qiong-Hua Wang, and Feng Zhou,
Sichuan University, China
Liquid-Crystal Technology
713–722 A new class of bookshelf bistable siloxane modified
ferroelectric LC materials with electrical repairability
in an LCoS configuration
H. Xu, J. R. Moore, W. A. Crossland, T. V. Clapp,
J. P. Hannington, and F. Nishida, University of
Cambridge, UK
Projection Displays and Systems
723–730 Eye-safety analysis of phase-only holographic
projection systems
Edward Buckley, Pixtronix, USA

Special Section Based on
Papers Presented at IDRC 2010/Latin Display
Display Manufacturing
732–740 Direct Dry Film optical bonding: A low-cost, robust,
and scalable display lamination technology
Birendra Bahadur, James D. Sampica,
Joseph L. Tchon, and Alyssa Butterfield, Rockwell
Collins, Inc., USA
741–748 Accurate-gray-level and quick-response driving
methods for high-performance electrowetting displays
Yung-Hsiang Chiu, Chao-Chiun Liang, Yi-Cheng Chen,
Wei-Yen Lee, Heng-Yin Chen, and Sin-Huei Wu,
Industrial Technology Research Institute (ITRI), Taiwan
Display Metrology
749–763 3-D displays: Technologies and testing methods
Adi Abileah, Planar Systems, USA
764–770 Visual-quality estimation using objective metrics
Mylène C. Q. Farias, University of Brasilia, Brazil
Display Systems (Optic)
771–780 The luminance resolution characteristics of multiprimary-color display
Yasuhiro Yoshida, Shinji Nakagawa, Akiko Yoshida,
Kazuyoshi Yoshiyama, Hiroyuki Furukawa, and
Shigeki Imai, Sharp Corp., Japan
Liquid-Crystal Displays
781–786 Blue-phase liquid-crystal mixtures and their induced
stabilization by photo-polymerization
Fernando Ely and Luciana Quinalia dos Santos,
Center for Information Technology (CTI), Brazil;
Ivan H. Bechtold, Juliana Eccher, and Hugo Gallardo,
Universidade Federal de Santa Catarina, Brazil;
Luiz Fernando Zagonel, Laboratório Nacional de Luz
Sincroton, Brazil

787–792

Narrow-gap field-sequential TN-LCD with and without
nanoparticle doping
Shunsuke Kobayashi, Brindaban Kundu,
Tomohiro Miyama, Yukihide Shiraishi, Hiroya Sawai,
and Naoki Toshima, Tokyo University of Science, Japan;
Masaya Okita, HDT, Inc., Japan; Kiyofumi Takeuchi
and Haruyoshi Takatsu, DIC, Inc., Japan
Organic Light-Emitting Diodes and Displays
793–797 OLEDs based on an europium(III) complex:
{Tris(thenoyltrifluoroacetonate)[1,2,5]-thiadiazolo
[3,4-f][1,10]phenanthroline}europium(III)
Alessandra Pereira, Ivan H. Bechtold, Gilmar Conte,
Hugo Gallardo, and César Zucco, Universidade Federal
de Santa Catarina, Brazil; Welber G. Quirino,
Cristiano Legnani, and Marco Cremona, Inmetro, Brazil
Phosphors
798–810 AC powder electroluminescent displays
Robert Withnall, Jack Silver, Paul G. Harris, Terry G.
Ireland, and Paul J. Marsh, Brunel University, UK

Special Section on Green Technologies,
Design, Manufacturing and Operation
Green Technologies, Materials, Manufacturing and Devices for Displays
813–820 Survey of actual viewing conditions at home and
appropriate luminance of LCD-TV screens
Tatsuhiko Matsumoto, Shuichi Haga, and
Takehiro Nakatsue, Sony Corp., Japan; Yuta Kubota,
and Kenta Imabayashi, Seiki University, Japan;
Kazuyuki Kishimoto, Seiichi Goshi, and Shigeki Imai,
Sharp Corp., Japan; Youichi Igarashi, Panasonic Liquid
Crystal Display Co., Ltd., Japan
821–824 The environmental benefits of thin glass for display
substrates
James M. Grochocinski, Ryoichiro Murakami, and
Thomas Kuo, Corning Display Technologies, Tokyo,
Japan
825–832 Design of a low-power-consumption a-IGZO TFTbased Vcom driver circuit with long-term reliability
Hoon Jeong, Mallory Mativenga, and Jin Jang,
Kyung Hee University, Korea; Sang Gul Lee and
Yong Min Ha, LG Display Co., Ltd, Korea
833–837 Watt-level compact green laser for projection display
Yi Gan, Qing-Yang Xu, Yang Lu, Jian Sun, and
Chang-Qing Xu, McMaster University, Canada
838–846 High-performance white OLEDs with high colorrendering index for next-generation solid-state lighting
Takuya Komoda, Nobuhiro Ide, Kittichungchit Varutt,
Kazuyuki Yamae, Hiroya Tsuji, and Yuko Matsuhisa,
Panasonic Electric Works, Japan
847–853 Luminous-efficiency improvement of solar-cellintegrated high-contrast organic light-emitting diode
by applying distributed Bragg reflector
Wei-En Hsu, Chao-Te Lee, and Hoang Yan Lin, National
Taiwan University, Taiwan

SID

Journal of the

SOCIETY FOR INFORMATION DISPLAY

SOCIETY FOR
INFORMATION
DISPLAY
The following papers appear in the December 2011 (Vol. 19/12) issue of JSID.
For a preview of the papers go to sid.org/jsid.html.
Contributed Papers
Cognitive and Interactive Displays
855–860 A highly sensitive and low-noise IR photosensor
based on a-SiGe as a sensing and noise filter:
Toward large-sized touch-screen LCD panels
Sang Youn Han, Kyung Sook Jeon, Seung Mi Seo,
Mi Seon Seo, Suk-Won Jung, Sung-Hoon Yang, and
Hyang-Shik Kong, Samsung Electronics, Korea;
Dae Cheol Kim, Byeonghoon Cho, Kihun Jeong,
Woong Kwon Kim, Nam-Heon Kim, Junho Song, and
Hyung Guel Kim, Samsung LCD Development Center,
Korea
Organic Light-Emitting Diodes and Displays (OLEDs)
861–866 Low-temperature fabrication of 5-in. QVGA flexible
AMOLED display driven by OTFTs using olefin polymer as the gate insulator
Yoshiki Nakajima, Yoshihide Fujisaki, Tatsuya Takei,
Hiroto Sato, Mitsuru Nakata, Mitsunori Suzuki,
Hirohiko Fukagawa, Genichi Motomura,
Takahisa Shimizu, Toshihiro Yamamoto, and
Hideo Fujikake, Japan Broadcasting Co. (NHK), Japan;
Yukie Isogai, Koichi Sugitani, and Takeyoshi Katoh,
ZEON Corp.,
Japan; Shizuo Tokito, Yamagata University, Japan
867–872

High-mobility oxide TFT for circuit integration of
AMOLEDs
Eri Fukumoto, Toshiaki Arai, Narihiro Morosawa,
Kazuhiko Tokunaga, Yasuhiro Terai,
Takashige Fujimori, and Tatsuya Sasaoka,
Sony Corp., Japan

3-D Displays and Systems
873–879 Moiré reduction by a diffuser in a multiview 3-D
imaging system
Jung-Young Son, Beom Ryeol Lee, Min-Chul Park, and
Hyoung Lee, Konyang University, Korea

Special Section on
Progress in Solid-State Lighting
Display Backlighting
918–922 WRGB LEDs spot-lighting with zooming fixture
capabilities
Hsin-Hsaing Lo, Chun-Chuan Lin, Ji-Feng Chen,
Chen-Peng Hsu, Lung-Pin Chung, and Tian-Yuan Chen,
ITRI, Taiwan
923–930

A novel ultra-thin backlight system without optical
sheets using a multi-layered lightguide
Takeshi Ishida and Ryuzo Yuki, Sharp Corp., Japan

931–942

Thermal management of LED-LCD TV display
G. A. Luiten and B. J. W. ter Weeme, Philips Research
and Philips Lighting, The Netherlands

Human Factors
882–887 Phototherapy and the benefits of LEDs
Sungkyoo Lim, Dankook University, Korea
888–898

A study on overhead glare in office lighting conditions
Ling Xia, Yan Tu, Lu Liu, and Yin Wang, Southeast
University, China; Sheng Peng, Philips Research Asia –
Shanghai, P. R. China; Martine Knoop, Philips Lighting,
The Netherlands; Ingrid Heynderickx,
Philips Research Laboratories, The Netherlands

899–906

Flicker visibility and related visual discomfort in 3-D
displays with LED backlight
Lili Wang and Yan Tu, Southeast University,
P. R. China

Light-Emitting Diodes and Displays
907–912 High-efficiency UV LEDs and RGB white LEDs for
lighting and LCD backlights
Yoshihiko Muramoto, Masahiro Kimura,
Akihiko Dempo, Suguru Nouda, Yuuya Fukawa, and
Shiro Sakai, Nitride Semiconductors, Japan
913–917

Nanorod-form ZnO-homojunction ultraviolet
light-emitting diodes
B. Ling, Nanyang Technological University, Singapore;
X. W. Sun, Tianjin University, China

Organic Light-Emitting Diodes and Displays (OLEDs)
943–949 Phosphorescent OLEDs: Enabling energy-efficient
lighting with improved uniformity and longer lifetime
Peter A. Levermore, Huiqing Pang, Alexey B. Dyatkin,
Zeinab Elshenawy, Prashant Mandlik, Kamala Rajan,
Jeffrey Silvernail, Raymond C. Kwong, Ruiqing Ma,
Michael S. Weaver, Mike Hack, and Julie J. Brown,
Universal Display Corp., USA
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Four SID Members Receive Major Awards
Society for Information Display members Thomas Peter Brody,
Bernard J. Lechner, and Fan Luo recently received IEEE Jun-ichi
Nishizawa Medals for their pioneering contributions to TFT-LCD
technology. Member Ching Tang received the Wolf Prize in the field
of chemistry for his work with OLEDs.

IEEE Jun-ichi Nishizawa Medal Winners
The IEEE Jun-ichi Nishizawa Medal was established in 2002 in honor
of Japanese Engineer Jun-ichi Nishizawa and his lifetime of achievements, including work with fundamental semiconductor materials and
devices, optical communications, and power systems. The medal is
awarded for outstanding contributions to material and device science
and technology, including practical application.
According to IEEE’s announcement: “Hundreds of engineers have
contributed to the innovations responsible for the current success of
TFT-LCDs used in today’s televisions, laptops, and mobile phones.
However, it was the pioneering contributions and persistent efforts of
Lechner and Brody in the 1960s and Luo in the 1970s that set the stage
for the technology we see today. The trio overcame the initial limitations of using liquid crystals to display complex moving images to
make the dream of being able to hang a television on the wall a reality.”

Bernard J. Lechner
While working at RCA Laboratories in the 1960s, Bernard J. Lechner
became the first researcher to analyze the limitations of early liquidcrystal cells, which had poor responsivity in handling complex images.
As an alternative to simple matrix addressing, Lechner pursued
addressing schemes that later became known as “active-matrix”
addressing. He conceived the basic idea of associating a field-effect
transistor (FET) and a capacitor with each cell of an LCD panel to
selectively store and control the brightness of the cell. In 1968, using a
36-element LCD and discrete FETs, he demonstrated moving grayscale images at full NTSC television rates, thus showing that the
active-matrix concept had the capability for television displays of the
future. It could not be built as an integrated structure at the time, but
Lechner's transistor-capacitor addressing circuit is what is used in
today's active-matrix LCDs. He first published this concept in 1969.
Lechner is a Fellow of the Society for Information Display as well as
a Fellow of the IEEE and the Society of Motion Picture and Television
Engineers (SMPTE). His many honors include the SID Frances Rice
Darne Award in 1971, the Advanced Television Systems Committee
Outstanding Achievement Award (now called the Bernard J. Lechner
Award), and the SMPTE Progress Medal. He received his bachelor’s
degree in electrical engineering from Columbia University. Lechner is
currently a consultant residing in Princeton, New Jersey.

Thomas Peter Brody
SID Fellow Thomas Peter Brody was a
pioneer in the field of thin-film transistors (TFTs), especially their application
to active-matrix displays, which
became the foundation of a major new
industry. For more than a decade at
Westinghouse R&D Center in Pittsburgh, PA, Brody developed many
uses for thin-film transistors, including
flexible circuits, aircraft power controls,
industrial timers, and others. Recognizing that the active-matrix array was an
ideal vehicle for driving any display
Thomas Peter Brody
medium, he dedicated his life to the
development and commercialization of active-matrix displays. His
department in Westinghouse built the world’s first working TFT-EL
displays in 1973 and the first working TFT-LCDs in 1974. Later in
1974, the team demonstrated real-time video imagery using both types.
Brody coined the term “active matrix.”
In 1979, he founded Panelvision Corporation, the world’s first
AMLCD company, which introduced AMLCD products to the U.S.
market in 1983. In addition to consulting, Dr. Brody founded a series
of companies including Magnascreen Corporation, Active Matrix
Associates, and Advantech US.
Dr. Brody was a Fellow of the Society for Information Display and a
recipient of many awards, including a SID Special Recognition Award
and the SID Karl Ferdinand Braun Prize. During his lifetime, he published over 70 scientific papers and received more than 60 patents. He
was born in Hungary and received his bachelor’s and doctorate degrees
from the University of London, U.K. (Note: Dr. Brody passed away in
September 2011. His obituary appears in the October 2011 issue of
Information Display.)
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Fang-Chen Luo
Working at Westinghouse during the 1970s, both Peter Brody and
Fang-Chen Luo extended Lechner’s active-matrix work, and, based on
CdSe TFT technology developed by Brody during the 1960s, produced
the first LCDs employing an integrated array of TFTs. Brody led the
research group for which Luo fabricated the displays.
In 1973 and 1974, Luo and his team at Westinghouse made working
5 × 5-in. 100 × 100-pixel TFT-addressed panels. The results were
reported by Time magazine in a 1974 issue with a picture of Luo holding a working panel. The article described a “picture on the wall.”
Notes Luo, “It was a little far-fetched to think of going from a 5 × 5-in.
panel to a picture on the wall. At that time, I never dreamed that TFT-

Fang-Chen Luo (second from left) and Bernard J. Lechner (second
from right) receive their IEEE Jun-ichi Nishizawa medals.

LCD panels could reach 80 in. on the diagonal, with contrast ratios
over 1,000.000:1 and with more than 1 million colors. The ubiquitous
applications and the over US$10 billion market value of TFT-LCD
panels were beyond our imaginations at that time.
“All of these achievements were primarily due to the efforts made by
TFT-LCD engineers all over the world in continuously improving the
performance and manufacturability of TFT-LCD panels. I particularly
express my gratitude to Dr. Brody for hiring me, assigning me the
TFT-display projects, and being a mentor to me at Westinghouse.”
An IEEE Life Member, Luo is also a Fellow of the Society for Information Display. His honors include a SID Special Recognition Award
and an Outstanding Industrial Innovation Award and Gold Panel Award,
both from the Taiwan’s Ministry of Economic Affairs. He received his
bachelor’s degree in electrical engineering from Cheng Kung University
and his master’s and doctorate degrees from Northwestern University.
Luo is currently Chief Intellectual Property Officer and Vice-President
at AU Optronics Corp., Hsinchu, Taiwan.

Wolf Prize Winner Ching Tang
Wolf Prizes are awarded by the Wolf Foundation every year in four out
of five categories: agriculture, chemistry, mathematics, medicine, and
physics. A total of 262 scientists from around the world have been
honored with this prize over the past 33 years. One out of every three
Wolf Prize Laureates in chemistry, physics, and medicine has later
received a Nobel Prize.

Ching Tang
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All photos courtesy of the Greater Boston Convention & Visitors Bureau

SID member Ching Tang recently
received the 2011 Wolf Prize in Chemistry. He shares the prize with Professor Stuart Alan Rice of the University
of Chicago and Professor Krzystof
Matyjaszewski of Carnegie Mellon
University.
Tang is the inventor of the organic
light-emitting diode (OLED). When he
published his seminal paper on the technology in 1987 (along with Steve Van
Slyke) in the journal Applied Physics
Ching Tang
Letters, he was employed by the Eastman Kodak Company.
In addition to the discovery of OLEDs, Tang has been credited with
a number of key innovations leading to the commercialization of new
flat-panel display technology, including the development of robust
luminescent materials, novel color pixilation methods, fabrication
processes for the manufacture of OLED displays, and the adaptation
of technology for high-definition OLED displays. Tang also is widely
recognized for his early work in photovoltaics.
Prior to joining the University of Rochester in the fall of 2006,
Tang was a Distinguished Research Fellow at Eastman Kodak
Company. He is a member of the National Academy of Engineering
and a Fellow of the American Physical Society and the Society for
Information Display. He holds more than 70 U.S. patents and has
published 70 papers.
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Nagoya, Japan
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– Jenny Donelan
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editorial
continued from page 2
vs. 2-D, plasma vs. LCD, LEDs vs. CCFL
backlights, DLP vs. LCD projectors, plus
Energy Star ratings and what they mean. It’s
a dizzying array of terminology and capabilities that make it hard for even the most
informed among us to keep up. Fortunately at
ID we knew the right people to call and were
able to bring together an array of features that
we think will clear away some of the fog, just
in time for holiday shopping.
We began with a very basic question that
comes up time and again across our industry
“Why Should I Choose a Plasma TV?” To
answer that, we went straight to the founding
father of plasma TV technology, Dr. Larry
Weber, and posed this question along with
some others. His candid and straightforward
answers became the substance of the first
Enabling Technology article in this issue.
Plasma TVs have a lot to offer and I think
after reading this you will take a second look
at plasma when you go shopping.
We continue with our “Holiday Roundup”
of various TV technology topics and answers
to the most common consumer questions,
compiled by Jenny Donelan after speaking
with Robert Zohn, the owner of Value
Electronics, a specialty audio and video retailer
in Scarsdale, New York. Value Electronics
has not only been selling TVs for almost 20
years, it has run a performance shoot-out
among the latest high-end models for the last
7 years.
If home theater is more your thing, and a
new projector is your dream, author and
industry analyst Chris Chinnock brings us a
thorough survey of the very latest in his
Enabling Technology article titled “4K
Projectors Come to Home Theaters.” Needless to say, if you plan on putting a big screen
in your home today, you need enough resolution to take you far into the future. The
newest “4K” format, embodied in various
sizes such as 4096 ˘ 2160, is the way to go
to if you want to have multiple options for
up-scaling of HD content as well as be ready
for future content sizes and formats that are
surely coming. Many of these offerings also
support 3-D formats and some have frame
rates as high as 480 Hz. Once you read Chris’
survey, you will be even more ready to make
your dream into reality.
Maybe you are not ready to buy this year,
but you are looking to plan your next purchase
and need to know what is coming? In our
monthly Display Marketplace feature we

asked analyst Paul Semenza to help us by not
only discussing the current marketplace, but
also by looking into the future and telling us
what is coming. Paul accepted the challenge
enthusiastically and gave us his perspective on
“The TV of the Future.” If you were wondering when the much heralded OLED TVs will
arrive, Paul addresses this and many other
topics, including 3-D without glasses, 4K and
higher resolutions, Internet connectivity,
touch screens, backlights, and much more.
In addition, we also have our regular SID
and Industry News features, including a few
interesting tidbits about TVs you may enjoy.
Before I close, I just want to thank everyone who works so hard to put ID magazine
together throughout the year. Our team of
Guest Editors for this year is listed on our
masthead and I can’t thank them enough for
their tireless work. Our editorial staff consisting of Jenny Donelan and Jay Morreale did an
outstanding job managing the production
process and producing numerous in-house
articles. Our sales and marketing team
consisting of Christine von Steiger, Sharae
Johnson, and Michele Klein brought a variety
of new advertisers to the magazine as well as
helped refine our overall strategy. Our cover
designs this year were more creative than ever
thanks to Jody Schramm and her Acapella
Designs Studio. And finally, I want to extend
a special thanks to editorial advisor Allan
Kmetz, who month after month, tirelessly
reviews all our articles and alerts us to numerous details. It’s an honor to work with this
outstanding team and I truly hope you enjoyed
reading the results throughout the year. ■
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