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(57) ABSTRACT 

Certain embodiments of liquid crystal display protection 
panels and liquid crystal display protection panel integrals 
have loW re?ection for outdoor applications. Various 
embodiments also have the advantage of being able to 
provide increased contrast and brightness for certain con 
venient vieWing directions for outdoor vieWers Wearing 
polarized sunglasses. 
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CONTROLLING POLARIZATION FOR LIQUID 
CRYSTAL DISPLAYS 

PRIORITY APPLICATION 

[0001] This application is a continuation of patent appli 
cation of Ser. No. 11/438,905 entitled “Controlling Polar 
ization for Liquid Crystal Displays” ?led May 23, 2006, 
Which is a continuation-in-part of US. patent application 
Ser. No. 11/298,755 entitled “Controlling Polarization for 
Liquid Crystal Displays” ?led Dec. 9, 2005, Which is a 
continuation-in-part of US. patent application Ser. No. 
11/135,609 entitled “Controlling Polarization For Liquid 
Crystal Displays” ?led May 23, 2005, each of Which is 
incorporated herein by reference in their entirety. 

FIELD OF INVENTION 

[0002] The present invention relates to liquid crystal dis 
plays and polarization. 

DESCRIPTION OF RELATED TECHNOLOGY 

[0003] Many features of liquid crystal displays (LCDs), 
such as light Weight, compact dimensions, loW poWer con 
sumption and high resolution, make LCDs popular choices 
in various outdoor electronic applications, including for 
PDAs, navigation systems, rugged notebooks, and informa 
tion terminals. To avoid direct exposure to the outdoor 
environment, many LCDs in these applications are overlaid 
With an outer transparent protection panel, Which introduces 
extra air-surface interfaces and generates a signi?cant 
amount of back-re?ection that reduces the readability of 
these displays. Often this outer transparent protection panel 
is a touch interface, such as a resistive touch panel, a 
capacitive touch panel, a SAW touch panel, a near ?eld 
touch panel, or a IR touch panel. Some of the devices may 
also include other functional parts, such as EMI shield, IR 
block, and screen heater. HoWever, these highly re?ective 
functional parts also generate large amount of back re?ec 
tion and further interfere With the readability of the system. 
Thus, providing a sunlight readable display system inte 
grated With a protection panel or a touch panel, EMI, IR 
block, and screen heater becomes highly challenging. 

[0004] In addition, a common optical property of a con 
ventional liquid crystal display and a polarized touch panel 
is that they both selectively pass linearly polarized light 
from the LCD at a transmission direction With respect to the 
horizontal and vertical axes de?ned by the display or touch 
panel that is normally other than a vertical direction. VieW 
ers of outdoor display systems may often Wear vertically 
polarized sunglasses in order to block out horizontally 
polarized sunlight, especially in some Working environ 
ments, such as on the sea or in the air, Where the horizontally 
polarized sunlight is particularly strong. A conventional 
liquid crystal display or a liquid crystal display With a 
polarized touch screen that emits linearly polarized light 
Would thus appear to be black for vieWers Wearing polarized 
sunglasses for common vieWing directions, Which is incon 
venient for outdoor applications. 

SUMMARY 

[0005] Certain embodiments of liquid crystal displays, 
liquid crystal display protection panels and liquid crystal 
display protection panel integrals have loW re?ection for 
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outdoor applications and also have the advantage of being 
able to provide increased contrast and brightness for certain 
convenient vieWing directions for outdoor vieWers Wearing 
polarized sunglasses. 

[0006] One embodiment, for example, comprises a liquid 
crystal display comprising: a liquid crystal cell con?gured to 
modulate light; a linear polarizer layer forWard said liquid 
crystal cell; a retarder layer comprising one or more retard 
ers; and a display front surface through Which said modu 
lated light exits, Wherein said one or more retarders and said 
linear polarizer layer are oriented such that said modulated 
light that exits said display front surface has an elliptical or 
circular polarization. 

[0007] Another embodiment comprises a functional part 
integrated display comprising: a liquid crystal cell con?g 
ured to modulate light de?ning vertical and horizontal axes, 
said liquid crystal cell comprising a liquid crystal layer 
sandWiched betWeen tWo sheets of transparent electrodes; a 
?rst linear polarizer forWard said liquid crystal cell, said ?rst 
linear polarizer having a ?rst linear polarization axis; a ?rst 
retarder layer forWard said ?rst linear polarizer, said ?rst 
retarder layer has a retardance of about (2n+1)7t/4 and a ?rst 
sloW axis Which forms an angle 01 With respect to said ?rst 
linear polarization axis, Where n is an integer and 7» between 
about 400 to 700 nanometers (nm); a functional element 
forWard of said ?rst retarder layer, said functional element 
comprising at least one of an EMI shield, an infrared ?lter, 
and an LCD heater; a second retarder layer forWard of said 
functional element, said second retarder layer having a 
second sloW axis and a retardance of about (2m+1)7t/4, 
Where m is an integer and 7» is betWeen about 400 nm to 700 
nm; a second linear polarizer forWard said second retarder 
layer, said second linear polarizer having a second polar 
ization axis, Which forms an angle 02 With respect to said 
second sloW axis; and a display front surface through Which 
said modulated light exits. 

[0008] Another embodiment comprises a touch panel inte 
grated display comprising a liquid crystal cell con?gured to 
modulate light de?ning vertical and horizontal axes, said 
liquid crystal cell comprising a liquid crystal layer sand 
Wiched betWeen tWo sheets of substantially optically trans 
missive electrodes; a ?rst linear polarizer forWard said liquid 
crystal cell, said ?rst linear polarizer having a ?rst linear 
polarization axis; a ?rst retarder layer forWard said ?rst 
linear polarizer, said ?rst retarder layer having a retardance 
of about (2n+1)7t/4 and a ?rst sloW axis Which forms an 
angle 01 to said ?rst linear polarization axis, Where n is an 
integer and 7» is betWeen about 400 nm to 700 nm; a resistive 
touch panel forWard of said ?rst retarder layer; a second 
retarder layer forWard of said resistive touch panel, said 
second retarder layer has a second sloW axis and a retardance 
of about (2m+1)7t/4, Where m is an integer and 7» is betWeen 
about 400 nm to 700 nm; a second linear polarizer forWard 
said second retarder layer, said second linear polarizer 
having a second polarization axis, Which forms an angle 02 
to said second sloW axis of said second retarder layer; and 
a display front surface through Which said modulated light 
exits, Wherein said resistive touch panel is isotropic and 
(m+n) is not zero. 

[0009] Another embodiment comprise a touch panel inte 
grated liquid crystal display comprising: a liquid crystal cell 
con?gured to modulate light de?ning vertical and horizontal 
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axes, said liquid crystal cell comprising a liquid crystal layer 
sandwiched between two sheets of transparent electrodes; a 
?rst linear polarizer forward said liquid crystal cell, said ?rst 
linear polarizer having a ?rst linear polarization axis; a ?rst 
quarter wave retarder forward said ?rst linear polarizer, said 
quarter wave retarder having a ?rst slow axis; a resistive 
touch panel forward said ?rst quarter wave retarder; a 
second quarter wave retarder forward said resistive touch 
panel, said quarter wave retarder having a second slow axis 
and a rear surface through which incident light passes; a 
second linear polarizer forward said second quarter wave 
retarder, said second linear polarizer oriented relative to said 
second quarter wave retarder such that said incident light 
which passes said rear surface of said second quarter wave 
retarder has a substantially circular polarization; and a 
display front surface through which said modulated light 
exits, wherein said second slow axis of said second quarter 
wave retarder is oriented at an angle other than about 0° or 
90° with respect to said horizontal axis and other than at 
about 90° with respect to said ?rst slow axis of said ?rst 
quarter wave retarder. 

[0010] Another embodiment of the invention comprises a 
polarized touch panel comprises: a resistive touch panel 
module de?ning the vertical and horizontal axes; a ?rst 
quarter wave retarder forward said touch panel module, said 
?rst quarter wave retarder having a ?rst slow axis; a second 
quarter wave retarder rearward said resistive touch panel 
module, said second quarter wave retarder having a second 
slow axis which is oriented at about 0° or 90° with respect 
to said horizontal axis; a linear polarizer forward said ?rst 
quarter wave retarder, said linear polarizer having a linear 
polarization axis; and a display front surface through which 
modulated light of a display exits, wherein said ?rst slow 
axis of said ?rst quarter wave retarder is oriented at an angle 
other than about 90° with respect to said horizontal axis and 
other than about 90° relative to said second slow axis of said 
second quarter wave retarder. 

[0011] Another embodiment of the invention comprises a 
polarized touch panel comprising: a resistive touch panel 
module de?ning the vertical and horizontal axes; a ?rst 
retarder layer forward said touch panel module, said ?rst 
retarder layer having a retardance of about (2n+l)7t/4 and a 
?rst slow axis, where n is an integer and 7» is 400 nm to 700 
nm; a linear polarizer forward said ?rst retarder layer, said 
linear polarizer having a linear polarization axis; a second 
retarder layer forward said linear polarizer; and a display 
front surface through which modulated light of a display 
exits, wherein said slow axis of said ?rst retarder layer is set 
at an angle of about 145° relative to said linear polarization 
axis of said linear polarizer. 

[0012] Another embodiment of the invention comprises a 
re?ective functional part integrated display comprising: a 
liquid crystal cell con?gured to modulate light de?ning 
vertical and horizontal axes, said liquid crystal cell com 
prising a liquid crystal layer sandwiched between two 
sheets; a partial re?ector rearward said liquid crystal layer; 
a ?rst linear polarizer forward said liquid crystal cell, said 
?rst linear polarizer having a front surface and a ?rst linear 
polarization axis; a ?rst retarder layer forward said ?rst 
linear polarizer, said ?rst retarder layer having a front 
surface, a rear surface, a retardance of about (2n+l)7t/4, and 
a ?rst slow axis which forms an angle 61 to said ?rst linear 
polarization axis, where n is an integer and 7» is between 
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about 400 nm to 700 nm; a re?ective functional part forward 
of said ?rst retarder layer, said re?ective functional part 
having a rear surface and comprising at least one of a 

resistive touch panel, an EMI shield, an infrared ?lter, and 
an LCD heater; a second retarder layer forward of said 
re?ective functional part, said second retarder layer having 
a second slow axis and a retardance of about (2m+l)7t/4, 
where m is an integer and 7» is between about 400 nm to 700 
nm; a second linear polarizer forward said second retarder 
layer, said second linear polarizer having a second polar 
ization axis, which forms an angle 62 to said second slow 
axis of said second retarder layer; and a display front surface 
through which said modulated light exits. 

[0013] Another embodiment of the invention comprises a 
re?ective functional part integrated display comprising: a 
liquid crystal cell con?gured to modulate light de?ning 
vertical and horizontal axes, said liquid crystal cell having a 
front surface and comprising a liquid crystal layer sand 
wiched between two sheets; a partial re?ector rearward said 
liquid crystal cell; said partial re?ector comprising a re?ec 
tive polarizer having a ?rst linear polarizing axis; a ?rst 
retarder layer forward said liquid crystal cell, said ?rst 
retarder layer having a front surface, a rear surface, a 
retardance of about (2n+l)7»/4, and a ?rst slow axis which 
forms an angle 61 to said ?rst linear polarization axis, where 
n is an integer and 7» is between about 400 nm to 700 nm; 
a re?ective functional part forward of said ?rst retarder 
layer, said re?ective functional part having a rear surface and 
comprising at least one of a resistive touch panel, an EMI 
shield, an infrared ?lter and an LCD heater; a second 
retarder layer forward of said re?ective functional part, said 
second retarder layer having a second slow axis and a 
retardance of about (2m+l)7t/4, where m is an integer and 7» 
is between about 400 nm to 700 nm; a second linear 
polarizer forward said second retarder layer, said second 
linear polarizer having a second polarization axis, which 
forms an angle 62 to said second slow axis of said second 
retarder layer; and a display front surface through which said 
modulated light exits. 

[0014] Another embodiment of the invention comprises a 
re?ective functional part integrated trans?ective display 
comprising: a liquid crystal cell con?gured to modulate light 
de?ning vertical and horizontal axes, said liquid crystal cell 
having a front surface and comprising a liquid crystal layer 
sandwiched between two sheets; a ?rst linear polarizer 
rearward said liquid crystal cell, said ?rst linear polarizer 
having a rear surface and a ?rst linear polarization axis; a 
partial re?ector rearward said ?rst linear polarizer; a ?rst 
retarder layer forward said liquid crystal cell, said ?rst 
retarder layer having a front surface, a rear surface, a 
retardance of about (2n+l)7»/4, and a ?rst slow axis which 
forms an angle 61 to said ?rst linear polarization axis, where 
n is an integer and 7» is between about 400 nm to 700 nm; 
a re?ective functional part forward of said ?rst retarder 
layer, said re?ective functional part having a rear surface and 
comprising at least one of a resistive touch panel, an EMI 
shield, an infrared ?lter, and an LCD heater; a second 
retarder layer forward of said re?ective functional part, said 
second retarder layer having a second slow axis and a 
retardance of about (2m+l)7t/4, where m is an integer and 7» 
is between about 400 nm to 700 nm; a second linear 
polarizer forward said second retarder layer, said second 
linear polarizer having a second polarization axis, which 
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forms an angle 62 to said second sloW axis of said second 
retarder layer; and a display front surface through Which said 
modulated light exits. 

[0015] Another embodiment of the invention comprises a 
re?ective functional part integrated trans?ective display 
comprising: a trans?ective liquid crystal display module 
having a module front surface that selectively outputs lin 
early polarized light oriented along a ?rst linear polarization 
axis, said liquid crystal display module comprising a liquid 
crystal cell, a partial re?ector, and a backlight module; a ?rst 
retarder layer forWard said liquid crystal display module, 
said ?rst retarder layer having a front surface, a rear surface, 
a retardance of about (2n+l)7t/4, and a ?rst sloW axis, Which 
forms an angle 61 to said ?rst linear polarization axis, Where 
n is an integer and 7» is betWeen about 400 nm to 700 nm; 
a re?ective functional part forWard said ?rst retarder layer, 
said re?ective functional part having a rear surface; a second 
retarder layer forWard said re?ective functional part, said 
second retarder layer having a second sloW axis and a 
retardance of about (2m+l)7t/4, Where m is an integer and 7» 
is betWeen about 400 nm to 700 nm; a second linear 
polarizer forWard said second retarder layer, said second 
linear polarizer having a second polarization axis, Which 
forms an angle 62 to said second sloW axis of said second 
retarder layer; and a display front surface through Which 
light from said backlight module exits. In some embodi 
ment, said re?ective functional part comprises at least one of 
a resistive touch panel, an EMI shield, an infrared ?lter, and 
an LCD heater. 

[0016] Another embodiment of the invention comprises a 
re?ective functional part integrated trans?ective display 
comprising: a liquid crystal display module having a module 
front surface, said liquid crystal display module comprising, 
from front to rear, a liquid crystal cell, a partial re?ector 
comprising a re?ective polarizer having a ?rst linear polar 
ization axis, and a light module; a ?rst retarder layer forWard 
said liquid crystal display module, said ?rst retarder layer 
having a front surface, a rear surface, a retardance of about 
(2n+l)7t/4, and a ?rst sloW axis, Which forms an angle 61 to 
said ?rst linear polarization axis, Where n is an integer and 
7» is betWeen about 400 nm to 700 nm; a re?ective functional 
part forWard said ?rst retarder layer, said re?ective func 
tional part having a rear surface; a second retarder layer 
forWard said re?ective functional part, said second retarder 
layer having a second sloW axis and a retardance of about 
(2m+l)7t/4, Where m is an integer and 7» is betWeen about 
400 nm to 700 nm; a second linear polarizer forWard said 
second retarder layer, said second linear polarizer having a 
second polarization axis, Which forms an angle 62 to said 
second sloW axis of said second retarder layer; and a display 
front surface through Which light from the light module 
exits. In some embodiment, said re?ective functional part 
comprises at least one of a resistive touch panel, an EMI 
shield, an infrared ?lter, and an LCD heater. 

[0017] Another embodiment of the invention comprises a 
re?ective functional part integrated display comprising: a 
liquid crystal display module having a module front surface 
that selectively outputs linearly polarized light oriented 
along a ?rst linear polarization axis, said liquid crystal 
display module comprising, from front to rear, a liquid 
crystal cell, and a light module; a re?ective functional part 
forWard said liquid crystal display module, said re?ective 
functional part having a rear surface; a second retarder layer 
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forWard said re?ective functional part, said second retarder 
layer having a second sloW axis and a retardance of about 
(2m+l)7t/4, Where m is an integer and 7» is betWeen about 
400 nm to 700 nm; a second linear polarizer forWard said 
second retarder layer, said second linear polarizer having a 
second polarization axis, Which forms an angle 62 to said 
second sloW axis of said second retarder layer; and a display 
front surface through Which light from said light module 
exits, Wherein said liquid crystal display module front sur 
face includes at least one of an anti-re?ection treatment and 
a diffusing structure. In certain embodiments anti-re?ection 
treatment comprises a multi-layer AR coating or a laminated 
sheet member With AR coating. In some embodiment, said 
re?ective functional part comprises at least one of a resistive 
touch panel, an EMI shield, an infrared ?lter, and an LCD 
heater. 

[0018] Another embodiment of the invention comprises a 
re?ective functional part integrated display comprising: a 
liquid crystal display module having a module front surface 
that selectively outputs linearly polarized light oriented 
along a ?rst linear polarization axis, said liquid crystal 
display module comprising, from front to rear, a liquid 
crystal cell and a light module; a ?rst retarder layer forWard 
said liquid crystal display module, said ?rst retarder layer 
having a front surface, a retardance of about (2n+l)7»/4, and 
a ?rst sloW axis Which forms an angle 61 to said ?rst linear 
polarization axis, Where n is an integer and 7» is betWeen 
about 400 nm to 700 nm; a re?ective functional part forWard 
said ?rst retarder layer, said re?ective functional part having 
a rear surface; a second retarder layer forWard of said 
re?ective functional part, said second retarder layer having 
a second sloW axis and a retardance of about (2m+l)7t/4, 
Where m is an integer and 7» is betWeen about 400 nm to 700 
nm; a second linear polarizer forWard said second retarder 
layer, said second linear polarizer having a second polar 
ization axis, Which forms an angle 62 to said second sloW 
axis of said second retarder layer; and a display front surface 
through Which light exits, Wherein at least one of said ?rst 
retarder layer front surface and said re?ective functional part 
rear surface includes at least one of an anti-re?ection treat 
ment and a diffusing structure. In certain embodiments the 
anti-re?ection treatment comprising a multi-layer AR coat 
ing or a laminated sheet member With AR coating. In some 
embodiment, said re?ective functional part comprises at 
least one of a resistive touch panel, an EMI shield, an 
infrared ?lter, and an LCD heater. 

[0019] Another embodiment of the invention comprises a 
polarizing liquid crystal display protection panel having a 
protection panel rear surface and a protection panel front 
surface through Which light from a display module may pass 
and exit to a vieWer, said protection panel comprising: a 
retarder layer RB having a front surface, a rear surface, a 
sloW axis RBX, and a retardance of about (2m+l)7t/4, Where 
m is an integer and 7» is betWeen about 400 nm to 700 nm; 
a linear polarizer PB forWard said retarder layer RB and 
closer to the vieWer, said linear polarizer PB having a linear 
polarization axis PBX that forms an angle 62 of about 45° or 
—45° to said sloW axis RBX of said retarder layer RB; and 
a transparent supportive panel, said transparent supportive 
panel comprises a sheet of glass substrate, a sheet of plastic 
substrate, or a touch input device, Wherein at least one of 
said panel front and rear surfaces comprises an anti-re?ec 
tion treatment. 




































