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Philips LED technology backgrounder: 2009

Philips has a long established history of ground-breaking innovation in TV technology,
and outstanding picture quality, having developed some of the most outstanding and
sophisticated picture processing and motion compensation systems currently available.

The company has also been acknowledged as a world leader with regards to the
application of LED backlighting technology. This area of expertise was confirmed in
2008 when Philips became one of the first manufacturers to introduce LED backlighting
for LCD TVs, thereby removing the final weakness of LCD by establishing new
standards for TV contrast and black level reproduction.

In 2008, the new Philips LED backlighting system was recognized by EISA and crowned
with the European LCD TV award (42FL9803).As t he EI SA | uThgnew o
42PFL9803 solves two of the most critical challenges in current LCD TV technology:
black level and motion blur. Thanks to its genius LED backlight, featuring 2D Dimming
contolover 128 individual areas, the 42PFL
the bestplasma-TV s et s éo

In 2009, Philips has again been awarded the European LCD TV award by EISA
(46PFL9704) who recognize the Philips LED backlighting technology. As the jury
concludesiCompetition in the LCD display mar
offers a masterpiece for moving pictures. With its backlight now using 224 LED
segments and local dimming, the 46PFL9704H/12 will amaze viewers with the deepest
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blacks ever, making for an impressive picture with high contrast.




Caption: Philips EISA Award winning 46PFL9704 Series features the new LED PRO
system

Philips6LED technology development has continued apace to the extent that the 2009
TV range will feature two new implementations of LED technology with the introduction
of the direct backlight/local dimming LED PRO and edge-lit LED systems, LED.

Both systems deliver best in class picture performance and with very low power
consumption. In addition, the edge-lit LED system allows for a very slim design where
the thickness of the TV can be reduced to less than 40mm. (Note: one example is
Philipsdébs new.40PFL8664 set)

Philips LED T edge-lit LED backlighting technology.

ﬂa}‘\\ Philips 2009 LED technology delivers outstanding picture quality and
‘g enables a slim, thin and energy efficient LCD TV. The 2009 Philips LED
system uses an edge-lit backlight featuring one strip of 64 LEDs across

L E D a horizontal edge of the set.

Each LED features 20 dies allowing the LED system to reach the required 450nit light
output from the single strip, guaranteeing both excellent performance and low energy
consumption of up to 40% less than a conventional CCFL backlit LCD TV.



An advanced light guide is used to ensure uniform lighting across the panel including
reaching into the furthest corners from the light source.

The light guide features a series of reflectors (mirrors) behind the panel, the density of
reflectors increases as the guide approaches the furthest edges of the panel -avoiding
darker sections or distracting light fluctuations within the image.

All of the LEDs are dimmed together, a feature referred to as 0D or global dimming.
However, it is worth noting that this technology allows much deeper dimming than CCFL
technology.

The performance of the LED system is improved when compared to a conventional
CCFL backlit LCD TV - both in terms of contrast and black levels. Additionally, Philips
LED technology has the added benefit of up to a 40% reduction in energy consumption.
The compact nature of the edgelit backlight also allows for the design of a thinner,
stylish TV at less than 40mm in depth.

Philips LED Pro i direct-lit LED backlighting technology.

===,  LED PRO backlight technology sets the standard for outright TV
N performance. | t Geady avéll known that conventional CCFL backlit
% displays have problems with washed out blacks and therefore inferior

L E DPRO contrast levels.

CCFL lamps cannot be completely or locally dimmed and because i due to its

construction - the panel can not entirely block out the light being produced, about 0.1%

of the backlightsbo ut put wi I I st i | | be transmitted or wi
parts of the image appear O6éwashed outdé and bl
both contrast and perceived sharpness are reduced.

Philips 2008 LED direct backlight system originally solved this problem by introducing
2D or local dimming,whereby individual segments of LEDs could be precisely and
individually controlled T to the point of being switched off completely - with the result
that the black parts of an image were truly black and bright parts were brilliant white.

In addition, because individual segments could be dimmed within an image 7 so that
LEDs behind a dark part of the image can be switched off while corresponding
segements behind bright parts in same the picture can continue to produce maximum
light output - dynamic contrast enjoyed an enormous improvement.



Moving on for 2009, Philips has introduced significant improvements in the LED PRO
system in two key areas: first, an increase in the number of LED segments within the
set and secondly changes in the physical design of the panel.

LED PRO backlight technology with locally dimmable segments, 2009 changes
The 2008 version of the LED 2D dimming backlight featured 128 segments arranged in
eight rows with 16 segments in each row. For 2009, the LED PRO version of the system
features 14 rows with 16 segments to give a total of 224 - which represents a 75%
increase in segments.

With LED PRO backlighting technology, each individual segment of the backlight can
again be dimmed. For example, if an input image consists of dark and bright objects,
the LEDs under the dark part of the image can be dimmed or switched off completely,
while with the bright parts in the picture the corresponding segment can continue to
produce maximum light output. The actual amount of dimming required by each
segment is continuously calculated and re-calculated in order to accurately produce the
image.

The 75% increase in segments in the 2009 version of the system means that each
segment now works over a far smaller, more precise area within the panel allowing
even more accurate dimming within an image - to produce deeper blacks and whiter
whites within the same picture.
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LED PRO — 2008 vs. 2009

More Backlight segments

*75% More Backlight segments
*More accurate dimming
¢ Enabling deeper blacks and whiter whites in the same picture

An increase in segments also leads to a superior back light uniformity between
the centre and the very furthest edges of the display i especially when compared
with CCFL LCD TVs where light is concentrated in the centre of the screen and dims
towards the edges.
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LED PRO Backlight technology — Superior Uniformity
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Brightness at the edges less Brightness almost everywhere
than in the middle of the screen the same

LED PRO backlight technology with locally dimmable segments, 2009 changes
with panel improvements.

In addition to the 75% increase in LED segments within the backlight, the 2009 LED
PRO system enjoys a further jump in performance level thanks to improvements to the
rib technology within the panel.

The 2009 panel has been improved by adapting the shape of the ribs to reduce
alignment disorder of the liquid crystals and by a reduction in the actual number of ribs
required.

With regards to shape, by improving the taper of the ribs, a more precise and even
alignment of the liquid crystals within the panel is delivered, reducing the light leakage
from between misaligned crystals by up to 40% and bringing a significant black level
improvement.
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LED PR®2008 vs. 2009

Ribimprovement
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40% Light leakage improvement
A Black level improvement

And by reducing the number of ribs, the number of black lines (or non-transmission
areas) within in the panel are also reduced. So, less light is blocked by the structure of

the panel thereby allowing up to 25% more light transmission and a consequent
brightness improvement.
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LED PR@2008 vs. 2009
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LED PRO 2009 produces an amazing 5,000,000:1 contrast ratio

The 75% increase in LED segments and the improvements to the panel rib structure
combine to produce an enormous increase in overall Dynamic Contrast, when
compared to the 2008 version of the system, giving an incredible 5,000,000:1 contrast
ratio. The result is an amazing immersive viewing experience featuring the brightest
most brilliant whites and the deepest darkest blacks.

25% more panel transmission
A Brightness improvement
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LED PRO1T 2008 vs. 2009

2008 2009

2.000 : 1 Static Contrast 5.000 : 1 Static Contrast A
16 x 8 Segments <:> 16 x 14 Segments
128 Segments 224 Segments )
\
/Superior contrast with the deepest blacks and the brightest whites
- 5000 000 : 1 Perfect Contrast
- 75% More backlight segments
- More accurate dimming in function of picture content P

A scanning backlight is enabled by LED PRO technology which improves motion

blur substantially. This is the Philips 200Hz Clear LCD technology.
The LED PRO system also features Philips acclaimed 200Hz ClearLCD technology to
give the Worlddés fastest LCD response

t

Award winning Perfect Natural Motion picture processing ensures that all motion is also
reproduced with unrivalled smoothness, while the 200Hz ClearLCD system includes

scanning backlight technology to ensure that all onscreen action remains
extremely sharp, removing the blurring found on conventional LCD TVs.

The 200Hz ClearLCD system also combines the scanning backlight technology
with100Hz picture processing which works in parallel Philip s @vard winning

Perfect Natural Motion system to ensure that onscreen action is reproduced both with

unrivalled smoothnessandwi t hout any artifacts such
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Backlight refresh is performed at 200Hz thanks to the scanning backlight running at a
50% duty cycle. This duty cycle rate is critical, as a minimum of 50% is required in order
to outperform native 200Hz panel solutions. The backlight has also been specially
designed to be able to offer the 50% duty cycle at the full brightness output of the
LED PRO panel.

PHILIPS
200Hz ClearLCD

100Hz refresh +
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—— 100Hz Scanning Backlight refresh ————»
(Scanning @ 50% duy cyde)

‘ 200Hz \

Sharpest pictures with the fastest motion

Tms Response Time - Fastest LCD in the world 3

The fast moving cars and speeding landscape of Formule 1 racing
event hawve never lookedthats harp

When watching football, the grass field looks razorsharp when a fast
camera pan & performed o}

N

This combination of 100Hz panel and 200Hz backlight refresh can also be shown to
actually deliver better results with regards to reducing blur edge width than when just
using a 200Hz panel.

The continual transition offered by the scanning backlight also appears more natural
and smoother than simply repeating frames at a higher rate - due to its operation being

10



closer to the principle of how a CRT picture was displayed (line by line) - allowing the
LED PRO system to reproduce motion exceptionally smoothly while the overall system
response rate of just 1ms ensures that all motion remains extremely sharp and detailed,
free from any visual artifacts i even during the fastest camera pan.

PHILIPS
Motion Blur Reduction — Technology comparison
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LED PRO, 2009 is optimal for the highest picture guality and ideal for energy
saving

An additional benefit of the LED PRO system is that in addition to reproducing the very
best possible picture quality the system also offers exceptionally low power
consumption. By using the 224 individually controlled segments and 2D dimming
technology the LED PRO system can dim each segment according to the content on
screen which not only improves performance in terms of outright picture quality it also
reduces power consumption.
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The LED PRO system enjoys further energy efficiency gains thanks to the adoption of a
Dual Brightness Enhancement Film (DBEF) which uses a prismatic reflective polarizer
layerto 6 r e c thecimdieedt S- wave light normally absorbed within the set to then
increase the amount of P-wave light passing directly through the panel, thereby
increasing brightness by up to 50%.

The combined effect of the 2D dimming back light and DBEF layer is an impressive

reduction in power consumption of up to 50% while also delivering the best contrast
performance available on the market.

PHILIPS
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46PFL9704 combines Top PQ with 50% power consumption reduction

mainly thanks to the use of DBEF sheet and 2D Dimming processing

12



Summary of Philips LED backlighting technologies, LED and LED Pro

Philips has two type of LED backlighting technologies LED (edge-lit LED backlighting)

and LED Pro (direct-lit LED backlighting). The main differences are summarized

beneath, LED enables a slim design, with OD dimming and a substantial energy saving.

LED PRO enables independent segments to be dimmed individually, which leads to
outstanding picture quality and contrast ratios.

PHILIPS
Philips different backlight systems

CCFL Backlight 0D Dimming Benefit

GOOD —> >

All lamps are dimmed ’ ‘ Good contrast with deep black level

Several lamps 3 .
P ’ ‘ with the same factor Dynamic Contrast 80 000 : 1

Edge-lit LED Backlight 0D Dimming Benefit

BETTER |::> |::>

All LED& are dimmed
with the same factor, but much
better/deeper dimming than with lamps

edges of the screen

1 row of white LED at the
Dynamic Contrast 500 000 : 1

Better contrast with deeper black level ’

Direct LED Backlight 2D Dimming Benefit

BEST |::> a |::>

Several segments
Several White LED& per
segment

Superior contrast: deepest black level
Dynamic Contrast 5 000 000 : 1

All segments can be dimmed independently
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