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Compared to a CRT display, an LCD has the advantage of
being extremely compact in size, having low power
consumption, and is free from harmful EM radiation. In
addition to the above, LCDs have another distinctive
advantage that is not commonly recognized.

TheLCD, beinganon-emissivedisplay, requiresabacklight
in order to be visble. The LCD screen luminance
(brightness) is directly proportional to the brightness of the
backlight. As aresult, it is possible to make a very bright
LCD by simply using avery bright backlight.

ThesituationwithaCRT isquitedifferent. Astheresolution
and the display size increase, the brightness of the CRT
screen drops rapidly. For example, the screen brightness of
a 19" CRT monitor running at 1,280 x 1,024 resolution is
about 100 Cd/m2 (nits). Ontheother hand, 219" TV running
at amuch lower resolution can have abrightnessup to 1,000
nits. But, if the size of the CRT inthe TV increases to 27",
its screen brightness drops off to about 500 nits.

The LCD’s brightness advantage has been used very
successfully by Landmark Technology to produce sunlight
readable LCD modules for outdoor applications, including
those under direct sunlight. These LCD modules, with sizes
rangingfrom6.4" to0 20.1" and resolutionranging fromVGA
(640 x 480) to SXGA (1280 x 1024), can achieve 1,500 to
2,000 nits screen brightness with a very good optical
contrast. The power consumption of the very bright
backlight in these modules is reasonably low such that the
thermal related issues are easily manageable.

The VHB Backlight

For applications in bright outdoor environments, in
particular, those under direct sunlight, one of the necessary
conditions is that the display must be bright enough in
comparison to neighboring objects. Asit isdescribed above,
the screen luminance of an LCD can be very high if avery
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bright backlight is used. Thus, the key component in a
sunlight readable LCD is a very high brightness (VHB)
backlight.

The traditional LCD backlight design using a light pipe
edge-lit by one to four cold cathode fluorescent lamps
(CCFLs) usually doesnot provide enough luminancefor LCD
applications in direct sunlight. However, in relatively small
LCDssuch asthe6.4" and 10.4", it is possible that an edge-lit
backlight can provide an LCD screen luminance beyond 500
nits. At this level, the LCDs can be used for outdoor
applications, in particular, if thefront surface of the LCD has
an anti-reflective coating. However, its optical performance
under direct sunlight is somewhat marginal.

Sunlight readable LCDs were initially developed for
aerospace and military applications. Thetypical design of the
VHB backight uses aserpentine hot cathode fluorescent lamp
(HCFL) asthelight source. In addition to that, various bright
light sources such as metal halide lamps and specia flat
fluorescent lamps have also been suggested or used for VHB
backlight design.

Landmark Technology introduced a family of 10.4" VHB
backlights in 1994 for sunlight readable LCD applications.
These backlights use the back-lit design with a number of
standard CCFLsin avery thin aluminum box. Asaresult, the
entire thickness of the LCD with the VHB backlight is less
than 1 inch. The luminance of these VHB backlightsis about
13,000 nits. Sincethe LCD optical transmission is6 - 8%, the
the LCD screen luminanceis about 800 - 1,000 nits, whichis
adequate for outdoor applications. Since then, the optical
performance of our VHB backlights has been drastically
improved. As a result, the LCD screen luminance has been
increased to about 1,500 nits with no increase in backlight
power consumption.

A typical design of our VHB backlight for 10.4" and 12.1"
LCDs uses 8 CCFLslaid in the horizontal directionin athin
aluminum box. For 15" LCDs, the number of lamps may
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increaseto 10 or 12. For larger LCDs, more lamps must be
usedin order to achievetherequired L CD screen luminance
for sunlight readability.

Theconstruction of aLandmark VHB backlight isillustrated
inavery smplified form as shown in Fig. 1. The lamps are
supported at their endsby apair of PC boards (not shownin
Fig. 1) which aso provide the electric connections to the
lamps. The lamp assembly is housed in an aluminum box.
Then, athick white diffuser is used to hide the lamp image.
Over thediffuser, some brightnessenhancement films (BEF
and DBEF) and other films are added for various optical
reasons.
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Fig. 1 Simplified Construction of a VHB backlight

The BEF increases the LCD screen luminance by directing
more light toward the primary viewing angles of the LCD.
The DBEF is areflective linear polarizer that enhances the
screen luminance by allowing more light to transmit
through the bottom polarizer of the LCD. The combined
effect of the BEF and DBEF providesafactor of 1.8 to 2.4x
increase in LCD screen luminance.

Various other features can be designed into our VHB
backlights to meet special requirements for certain display
applications. For example, the aluminum box and the lamp
supports can be reinforced to meet the severe shock and
vibration encountered in rugged environments. Internal
heaters have been added in the VHB backlights to extend
the operating temperature range of the display. Specia high
temperature diffuser materials and films have been used to
meet the high temperature requirements in mil-spec
applications. In addition, VHB backlights that are night
vision goggle (NVG) compatible have been demonstrated.

Typical Display Optical Performance

Let ususeal12.1" sunlight readable LCD moduletoillustrate
the typical optical performance of these very bright displays.
This LCD module uses a Sharp LQ12541C AMLCD with a
Landmark VHB backlight. The optical transmission of the
LCD isabout 7.9%. The VHB backlight has 8 CCFLs. Using
theLandmark BI200A-96inverter, theL CD screenluminance
is 1,500 nits at maximum brightness setting. The power
consumption of the VHB backlight at this screen luminance
is 19.4 Watts which corresponds to a lamp current of about
5.3 mA (per lamp).

The inherent screen luminance and the display contrast ratio
asfunctionsof viewingdirectionsareshowninFig. 2and Fig.
3. “Inherent” means that the data.is measured in adark room
without any effects caused by the ambient light. The screen
luminance is defined as the luminance of the “White”
displayed on the LCD. The contrast ratio is the luminance
ratio between the “White" and the “Black” displayed on the
LCD.
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If werefer to Fig. 2, the LCD screen luminance reaches 1,500
nits (cd/mz) inthevicinity of thenormal direction (O0 off-axis
angles). Along the 3:00 to 9:00 direction, theluminance drops
fairly owly. For example, at +40°, the screen luminance is
more than 900 nits. Evan at +60° off-axis, the luminanceis
till at 200 nitswhich isabout the luminance of aregular LCD
monitor at normal direction. On the other hand, the screen
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luminance drop along the 6:00 to 12:00 direction is faster,
but still maintains a luminance above 200 nits at +40°.

CO096A/HE LCD Contrast Ratio
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Referring to Fig. 3, the display contrast ratio at normal
direction (O0 off axisangle) isvery high at 400. Along the
6:00 viewing direction, the LCD contrast ratio reaches 425
at 60 off-axis angle and then drops off quite rapidly. But
even a J_r40°, the contrast ratio is still beyond 10, which
gualifiesasagood display. Along the 3:00to 9:00 direction,
the contrast ratio drops similarly but maintains a higher
figure than along the 6:00 to 12:00 direction.

Inatypical indoor environment, theambient illuminationis
lessthan 100 foot candles. A piece of white paper under this
illumination has a luminance of less than 300 nits. The
contrast ratio of the black colored text on a well-printed
magazine is between 10 to 20. Compared to these figures,
the contrast ratio and the screen luminance of the 12.1"
sunlight readable LCD are superior to those of the printed
magazine for most of the viewing angles over a cone about
+50°.

Thevery highinherent contrast ratio does not havetoo much
meaning in the bright ambient light encountered in outdoor
environments. Asthe ambient illumination level increases,
the*Black” displayed on the LCD becomeslesshblack. This
is caused by light reflections and scattering at various
surfaces in front of the liquid crystal layer. As a result of

this, the luminance of the “Black” increases and the display
contrast ratio drops.

Fig. 4 is a typica curve showing the decrease of display
contrast ratio at various ambient illumination levels. The
display isa15" sunlight readable modulerunning at 1,500 nits
screen luminance. The inherent contrast ratio of the LCD
modul eisabout 350. At anambientilluminationlevel of 1,000
foot candles, which isabout the level found in bright outdoor
open shade, the LCD contrast ratio dropsto about 25. At this
level, the display readability is excellent. However, the
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Fig. 4. Contrast Ratio as afunction of ambient illumination of a 15"
sunlight readable L CD module with an anti-glare front polarizer

contrast ratio dropsto 4.5 at an ambient illumination level of
10,500 foot candles. Please note that the noon sunlight
illumination level in northern California on a clear day is
about 10,000 foot candles. Therefore, this level of
illumination represents about the worst situation encountered
by a display in outdoor environments. At a contrast ratio of
4.5, thedisplay isreadable but not with agood image quality.

Themainreasonthat the contrast ratio of the 15" moduledrops
somuchisduetothefact that thefront polarizer of thismodule
has an anti-glare coating to diffuse the light reflection. In
indoor applications, an anti-glare coating is quite effectivein
reducing the surface glare problem due to specular light
reflectionsfrom awhitewall, lighted ceiling, or awhite shirt.
However, in outdoor environments, the anti-glare coating
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scatters the bright incident light into a cone and forms an
overall background glare that greatly reduces the display
contrast.

The glare caused by bright ambient illumination can be
reduced if thefront surface of theLCD hasan anti-reflective
(AR) coating. Certain LCDs come with an AR coated front
polarizer. Also, an AR coated film or glass can belaminated
onto the front surface of the LCD. In either case, the surface
reflection is reduced and the display contrast can be
improved significantly.
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Fig. 5. Contrast Ratio as afunction of ambient illumination of a
15" sunlight readable LCD module with an AR coated glass
laminated onto the front polarizer.

Fig. 5 shows the measurements made on a 15" sunlight
readable LCD module that has an AR coated glass
laminated to the front polarizer. Again, the module is
running at 1,500 nits screen luminance. As the ambient
illumination increases, the display contrast ratio drops, but
at adower rate compared to the LCD without the AR coated
glass (Fig. 4). At 1,000 foot candles ambient illumination,
the contrast ratio is 37 and at 10,500 foot candles, the
contrast ratio is greater than 10 which is quite good for
display readability and image quality.

The Thermal Management | ssues

TheVHB backlight consumesasignificant amount of power
causing the LCD temperaturein asunlight readable module

to be higher than normal. In addition, the front surface of an
LCD isagood sunlight absorber. Thus, the LCD temperature
can dso rise dgnificantly under the direct sunlight
illumination.

The exact amount of LCD temperature rise due to these two
factors depends on how the LCD module is mounted and also
on the heat dissipation design. For example, if the LCD is
mounted vertically, asignificant portion of the VHB backight
heat will bedissipated into theair without heating up the LCD
panel, and as aresult, the LCD temperature rise will be low.
Ontheother hand, if theL CD moduleismounted horizontally,
then almost all of the backlight heat risestowarm up the LCD
panel. In addition, if a small fan or a heat sink is mounted
ontotheVHB backlight, thetemperatureriseof theLCD panel
can be reduced significantly.

LCD Temperature Rise
Sharp LQ10D346 with Landmark C053C VHB Backlight
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Fig. 6. Thetemperaturerise curve of a10.4" LCD with C053C
VHB backlight.

Fig. 6 shows a typical temperature rise curve of a sunlight
readable LCD module. The module is a 10.4" unit operated
at 1,500 nits screen luminance with 19 watts backlight power.
The LCD is tilted at a 25° angle from the vertical and is
operated in still air (i.e., no forced air cooling). There are six
thermal sensorsto measure the temperature of the LCD panel
at variouslocations. The curveshowsthe averagetemperature
reading of the LCD asafunction of thetime. At t = 0 second,
the backlight is turned on. Within the first 15 minutes, the
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LCD temperature rises about 10°C, and finally settleswith
ariseof 19.5°C. However, if asmall 486 CPU fanisattached
to the back of the VHB backlight, the temperature rise
reducesto 8°C. A similar reduction of theLCD temperature
can aso be achieved by attaching a heat sink onto the
backside of the VHB backlight. In general, the thermal
issuesrelated to the VHB backlight power consumption can
be resolved by relatively simple heat dissipation designs.

The second major cause of LCD temperature risein outdoor
applications is the sunlight itself. LCDs are suitable for
outdoor uses because they have a very black front surface.
On the other hand, a black front surface can absorb nearly
all of theincident sunlight and heat up the LCD. This effect
severely increases the thermal management problem when
the LCD is exposed to strong direct sunlight.

Temperature Rise due to Sunlight Absorption
LMO73A-DC31 Sunlight Readable LCD Module
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Fig. 7. LCD temperature rise due to sunlight absorption.

Fig. 7 shows atypical LCD temperature rise curve due to
direct sunlight exposure. Again, the moduleisa 10.4" unit.
During the test, the VHB backlight was not turned on. So
the only heating source is the incident sunlight. On the day
this test was conducted, the ambient air temperature was
about 26°C. Thesunl ight illuminationwasabout 10,300 foot
candlesincident onto the LCD at the normal direction. The
large fluctuation of the air temperature shown in the graph
was due to wind blowing onto the thermal sensor.

Fig. 7. LCD temperature rise due to sunlight absorption.

TheL CD temperature curveindicatesthat with the absorption
of the sunlight, the L CD temperature risesby morethan 20°C
within the first 5 minutes. After about 30 minutes, the LCD
temperature risesby morethan 40°C. Thisis more than twice
the temperature rise caused by the VHB backlight heat.

The situation shown in Fig. 7 represents about the worst case
where very bright sunlight shines onto the LCD from the
normal direction. If the incident angle of the sunlight is not
perpendicular to the LCD, then the amount of sunlight power
absorbed by the LCD reduces according to the Cosine law.
Thus, thetemperaturerisewill not beasseriousasintheabove
case. However, for any outdoor application where the LCD
will be subjected to direct sunshine, it isnecessary to consider
the extra heat due to sunlight absorption and provide
additional cooling capability to avoid LCD overheating.

Conclusions

L CDs with screen luminance in the range of 1,000 to 1,500
nits can be used in very bright ambient environments
including outdoor conditions under direct sunlight. In order
to achieve such a high screen luminance, a very high
brightness(V HB) backlight that is10to 20 timesbrighter than
anormal backlight must be used.

In order to maintain a good display contrast ratio and image
quality indirect sunlight, the front surface of the LCD should
be coated with someanti-reflectivefilm. However, for general
outdoor applications not subject to strong direct sunlight, a
regular LCD module with 1,500 nits screen luminance
provides avery good display with contrast ratio greater than
20.

One of the main concernsin using these very bright LCDsis
the thermal management issue. In particular, if the LCD faces
to direct sunlight illumination, the amount of sunlight power
absorbed by the LCD can cause a very severe overheating
problem in arelatively short time period.
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