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FI LTERS BACKGROUND OF THE I NVENTION This invention is related generally to
an opti caVodioe4#5a3B1i ncl udi ng a reflective color filter PETrEo3RBEa2y |iquid
crystal display (LCD). Color LCDs typically include a color filter array
(CFA) mask which is used in generating color imges. A broad range of
colors may be achieved by spatially nultiplexing each pixel into Red, Blue

and G een col ors PREBDAY SUBRKIERAWTE WHH RBFLECTIVESCOBORSFIATERSAaNp! e of a
typical color LCDwith a color filter array. The color LCD 10 includes a

substrate 12 having a lig h I scharge | anp. Light
fromthe |light source 14 @ﬁ@mﬁ@mﬁﬁ@@aﬁemm 16 that acts to
nodul ate the light in pixels. The display elenment 16 includes a |iquid

crystal | aymis f¥entisi i&Q@I&tédf\QedekdlB/atro zﬁpbﬁt'ida? @ls 1a§%€iﬂ§1 g?a rdieBhi RN Eolgf the

l'iquid crystal | ayer 18 along with oarlz 22 act as a |ight
valve to seﬁ@éﬂﬂ%é@%)léﬂﬂldpgﬁtﬂﬂﬁpbywebasmtted fromthe light source 14
to the front of the LCD. For a normally bl ack LCD, when a region of the
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pass light unless voltage is passed. Color filters 24 of the CFA 26 are
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between two linear polarizers 20 and 22.

Regions of the liquid crystal layer 18 along with the polarizers 20 and 22 act as a
light valve to selectively allow light to be transmitted from the light source 14 to the
front of the LCD. For a normally black LCD, when a region of the layer 18 is turned
on, such as by applying a voltage across the layer 18 at the region, light is allowed to
pass through, otherwise light is blocked, and that pixel remains blocked. Thus, light
may channeled through the different regions of the liquid crystal layer 18 by applying
an appropriate voltage. Normally while LCDs are also known where the pixels pass
light unless voltage is passed.

Color filters 24 of the CFA 26 are each disposed over discrete locations of the liquid
crystal layer 18 (in a pixel pattern or mosaic). The filters are grouped as pixels to
transmit the appropriate color light for the pixel. Each pixel typically comprises three
subpixels (a triplet), where the filters corresponding to the subpixel transmitting red,
green and blue light, respectively. Thus, each pixel includes a RGB (red, blue, green)
triplet of filters.

The CFA 26 is shown in a side view with alternating filters 24r, 24b and 24g, which

transmit red, blue, and green light, respectively.
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The CFA 26 is shown in a side vieww th alternating filters 24r, 24b and
24g, which transmt red, blue, and green light, respectively. -1 WO

2004/ 0535¢0 PEIBHK003/ 038425 SUMVARY OF THE | NVENTI ON POT/@E82003M0d80Ee W t h
one aspect of the present invention, there is provided an optical display
device. The optical display device conprises: a substrate conprising a
source of light, the light fromthe source of light including a plurality
of primary SOMMARYaOFEHRB DSVBNTIQN ay conprising a plurality of nodul ation
el ements arranged to nodulate I|ight received fromthe source of light; a
reflective col filter,arra cong%ésing a, plurality of color filters,
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In accordance with another aspect of the present invention, there is provided an
optical display device. The optical display device comprises: a substrate comprising a
source of light, the light from the source of light including a plurality of primary
colors; a modulation array comprising a plurality of modulation elements arranged to
modulate light received from the source of light, each of the modulation elements
comprising a portion of a liquid crystal layer; a reflective color filter array comprising
a plurality of color filters, each of the plurality of color filters arranged to correspond
to a respective element of the modulation array, each of the plurality of color filters
transmitting light having one of the primary colors and reflecting light of the
remaining light having other of the primary colors back to the substrate, the reflective
color filter array arranged relative to the substrate such that there are no layers which
substantially absorb light of the primary colors between the substrate and the
reflective color filter array; and a reflective panel which reflects the reflected light

having the primary colors back towards the reflective color filter array.




remai ning light having other of the primary colors back to the substrate,
the reflective color filter array arranged relative to the substrate such
t hat t herwoap@/ossssiiayers whi ch substantially absorb |i gotr/ugbooshossaps | mary
colors between the substrate and the reflective color filter array; and a
reflective panel which reflects the reflected Iight having the primary
colors back towards the reflective color filter array. -2 WO 2004/ 053581
PCT/ US2003 /6388535 S GRIPETORESERIRT DRA WINGYE DRAWNGS Figure 1 is a
schematic illustrating a conventional color LCD with a color filter array.
Figure 2 is_a side view schematic of an optical display device according to
one embodFigsEe 1472 sqhemat dhistrating wreieational colar ECBewih awolor Adtenariray.of an

optical display device according to another enbodinent of the invention.

Figure 4 i g ind [ C.f Ay . Gl Vi cording to
nothor ol Aol ¥ Si RENE Bichfadd o OBl BB Bty ARYGERER BhrErren
EMBODI MENT SmBediareatcEthedinventionv be made in detail to presently preferred
enbodi ments of the present invention. \Werever possible, the sane

reference nunbers wil.l be used f{.hrqughout the drawi,ngs to refer to the
same or |i Ekguﬁ%g’% 2 $9§¢ Kool Wéh g\ag@PBPalt‘ﬂﬁ’lﬂlg?"é%ﬁ acrording to gBORCS n
Figure 1 agfhpodigheht 8 B8idvehB&n. bl ue, and green light, the filters 24 are
not designed and arranged for the purpose of reflecting |ight other than
the light transmtted. The present inventor has realized that by arranging
a refl ecti Vigusotds afside wiewasohgmpatiRoEAn optical dispdayt deviceoewoiding ibe boethemny
absorptive | .her substantially light absorbing layers) in a
col or LCD, e%?&ﬁ%{eﬁﬁé%%%ﬁﬁeﬁﬁu ‘tiplexing display, the total illum nation
fromthe color LCD can be increased. In this arrangenment, less light is

wast ed becBDESAIAED DESERIFPTION OF THEPRERBRRED EMBODIRIENTS t he red channel
(if red, blue and green are chosen as the colors for

Reference will now be made in detail to presently preferred embodiments of the
present invention. Wherever possible, the same reference numbers will be used

throughout the drawings to refer to the same or like parts.

Although the CFA 26 of the typical design shown in Figure 1 acts to transmit red,
blue, and green light, the filters 24 are not designed and arranged for the purpose of
reflecting light other than the light transmitted. The present inventor has realized that
by arranging a reflective color filter array (RCFA) in a spatial location below any
absorptive polarizers (or other substantially light absorbing layers) in a color LCD, or
other light multiplexing display, the total illumination from the color LCD can be
increased. In this arrangement, less light is wasted because any blue or green light
that is incident on the red channel (if red, blue and green are chosen as the colors for
the LCD) is reflected back to the substrate having the light source to be recycled (and

similarly for the blue and green channels).

To accomplish the recycling, the substrate includes a reflective panel that allows the
initially reflected light to be reflected back towards the RCFA, where it may possibly

be transmitted at one of the filter locations.



the LCD) is reflected back to the substrate having the |light source to be
recycled (and simlarly for the blue.and green channels). To acconplish
t he recycwiopod/033esisubstrate i ncl udes a refl ective panelpdiighomlozsms t he
initially reflected light to be reflected back towards the RCFA, where it
may possibly be transmitted at one of the filter locations. -3 WO
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These primary colors nmay be any desired colors, such as_red, green and
bl ue, for prilmary color A, a'second primary color B and a third primary color C, respectively.

The color filters may be cholesteric filters, or may be comprised of organic or
inorganic thin films, for example The color filters 122 may be arranged in groups of
three primary colors (if the number of primary colors is three) as a triplet to form a
pixel. The reflective color filter array may be made of an organic or an inorganic
material. The reflective color filter array may comprise cholesteric filters or

polarization sensitive filters.

These primary colors may be any desired colors, such as red, green and blue, for
example. The primary colors may alternatively be cyan, magenta and yellow, for
example. The number of primary colors, and thus the number of different types of
filters in the RCFA, need not be three. The number of primary colors may be two or

more than three, for example.

The light source 112 may be any conventional light source used for illumination in
modulated light displays. The light source 112 may be, for example, a fluorescent
light fixture, an incandescent light fixture, a halogen light fixture, or any other light
source. The light source 112 may additionally include phosphors arranged such that
they are activated by light from a light fixture, as is known in the art. In this case, the
light fixture need not provide visible light and may provide UV light, for example, to
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exanple. The primary colors may alternatively be cyan, magenta and yel |l ow,
for exanple. The nunber of primary colors, and thus the nunber of

di fferentwoppa®ss®l filters in the RCFA need not be thpewusitsossyzsber of
primary colors may be two or nore than three, for exanple. The |ight
source 112 may be any conventional |ight source used for illumnation in
nodul ated |ight displays. The |ight source 112 may be, for exanple, a
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mat eri al atwisted hematic matetihkeasds knowmir the agnbodi nent of Figure 2, the | ower
pol arizer 134, i.e., the polarizer closer to the substrate 110, may be a

reflectiv larjizes o absprpti ve | ari [ 0r conbi nati o f both,
and the upaRe Sbadiment of Bigie ihe lopier blafizar134, 1. fie pafftigeriosehip the
substrate subStratdByI0)eman BOSOIRHEMRePPblafiktCbr MPRbSRPHAS Holizer ikl & for an

absorptive polarjzers include iodine _dyed poly vinyl_ alcohol. For an
absor pt i vecombination of both, and the upper polarizer 136, i.e., the polarizer further from the

substrate 110, may be an absorptive polarizer. Appropriate materials for an
~ absorptive polarizers include iodine dyed poly vinyl alcohol. For an absorptive
polarizers the desired (linear) polarization is transmitted by the polarizer, and the
undesired (orthogonal) polarization component is absorbed. For reflective polarizers

absorb the undesired polarization is reflected rather than absorbed.

In this embodiment, the RCFA 120 is disposed below both polarizers 134 and 136. If
the RCFA 120 would be disposed above one of the polarizers 134 and 136, and if
both of these polarizers were absorptive, then the light reflected back from the RCFA
120 would tend to be absorbed by the lower polarizers, and this absorbed light could
not then be recycled back up to the RCFA 120 to increase the illumination of the
optical display device 100.

In this embodiment, the RCFA 120 is located below any light absorption layers which
substantially absorb light at the primary colors of the filters, such as any optically
absorptive polarizer. Thus, in this embodiment, there are no light absorption layers

which substantially absorb light at the primary colors of the filters, where these light




pol ari zers the desired (linear) polarization is transmtted by the

pol ari zer, and the undesired (orthogonal) polarization conponent is
absor bed. WP@P04/(38382¢ct i ve pol ari zers absorb the undesir @dTaSR@BI03%ALS on i S
reflected rather than absorbed. In this enbodi nent, the RCFA 120 is

di sposed bel ow both pol arizers 134 and 136. If the RCFA 120 woul d be
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from the %%ﬁéﬂ%c%?his Tl%ﬁt {oaegkl u%cttolﬂ\l/ee Reiﬁkl 2 nﬁm r%, gctl%%tp%nel 140 preferably has
a reflectance at the primary colors of greater than 75%, and more preferably greater
than 90%. Thus, the reflective back panel 140 recycles the light reflected back from

the RCFA 120, and thus can act to increase the overall illumination of the optical

display device 100.

The embodiment of Figure 2 illustrates both the lower polarizer 134 and the upper
polarizer to be above the RCFA 120. The lower polarizer 134, however, need not be
above the RCFA 120 if the lower polarizer does not substantially absorb light at the
primary colors from the RCFA 120.

Figure 3 illustrates an embodiment where the lower polarizer 134 is a reflective
polarizer and is disposed below the RCFA 120. As in the embodiment of Figure 2,
the RCFA 120 is still disposed below the upper polarizer 136, which may be an
absorptive polarizer, and the liquid crystal material 130. Because the lower polarizer
134 is a reflective polarizer, which does not substantially absorb light of the primary
colors, the light reflected back from the RCFA. 120 can be recycled by being reflected
by the reflective panel 140.




to reflect this light back up to the RCFA 120. The reflective panel 140
preferably has a reflectance at the primary colors of greater than 75%
and nore YPPU(OSHBY greater than 90% Thus, the refl ecPCYASBYSR3HAhel 140
recycles the light reflected back from the RCFA 120, and thus can act to
increase the overall illumnation of the optical display device 100. The
enbodi ment _of Figure 2 illustrates both the |ower polarizer 134 and the
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col ors.
conductlon, electric or thermal shielding or environmental barrier or any

combinations thereof, While Figure 4 illustrates the interlayer 142 disposed between
the RCFA 120 and the substrate 110, which includes the light source 112, the
interlayer142 may alternately or additionally be disposed on a side of the RCFA 120
opposite to the light source 112. Furthermore, the devices as described with respect to

Figure 2 and 3 may also include one or more interlayers.

While the invention has been described in detail and with reference to specific
embodiments thereof; it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope of
the invention. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be defined

only in accordance with the following claims and their equivalents.




I nterlayer 142 may be a passivation |layer for exanple, and nmay conpri se,

for exanple, thin filnms such as polyners, Si02, TiQ2, and polysilcon.
Alternatively, the interlayer 142 may be a | ayer perform ng functions other
than or in addition to passivation. These functions include, for exanple,
electric thermal conduction, electric or thernmal shielding or

envi ronne rrier or any conbinations thereof. Wiile Figure 4
illustrates the interlayer 142 di sposed between the RCFA 120 and the
substrate 110, which includes the light source 112, the interlayerl42 my
al t er nat elly or Aadwticalslisplayydeyicefiompoising: on a side of the RCFA 120 opposite

to the light s Eusrt her mor e, ..t devi.ces described with respect
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S e |

the present 1 nvention oul d not ted by any of the above-described
exenpl ary enbodiefiectise cdlot filtdranag comprisihg agturalitylof color filtee) ehigho€thsl t h t he

followng claims . and their equivalents. -7 CLAIMS:, 1. An optical display
devi ce coHlE’F"ﬁgY ﬁﬁ.coqﬁr é‘%%tsraafgeg‘z%ﬁ?;ﬁor@ﬁmdéo§6@§p_e‘é1V61elqme@ﬁ9, thehe | ght from
the sour cgoghiatib® By, 8 $dhOBlusal Ry Hf &bt ﬂlté?% trifsniTRf; 1@% Hé\éﬁ% @némgé ation
array conprising a plurality of nodul ation el enents drrange o nodul ate

| i ght recpfimery dolamandeflecinglighsfof theglamaining léght deving ethepbhthe forintaey ar r ay
conprising.a plurality of color filters, ch of .the lLural.it f col or
Pl Ters. t Coifiha B ine SuRlpEotifarteate soios Sriaves radreiaivatiabe '
modul at i ogubafra® ¥ucleMalthere akd o RiybrisaHiEl subistab@AIRT abfsbriblIRh% of i@ peiMdry | N9 |1 ght
havi ng one of the primary colofs and reflecting light  of thé renaining

| i ght havtelgrsdetiegendhe subsirgge andithe reflective color filter array; and
a reflective panel which reflects the reflected light having the primary colors back

towards the reflective color filter array;
wherein the modulation array comprises a reflective polarizer and wherein the

reflective color filter array is disposed between the modulation array and the substrate.

2. The optical display device of claim 1, wherein the reflective polarizer is a
reflective linear polarizer disposed between the reflective color filter array and the

substrate.

3. The optical display device of claim 1 or 2, wherein the modulation array further

comprises an optically absorptive polarizer disposed over the reflective color filter array.

4, The optical display device of claim 1, wherein the reflective polarizer is a
reflective linear polarizer disposed between the reflective color filter array and the
substrate, wherein the modulation array further comprises an optically absorptive
polarizer disposed over the reflective color filter array, and wherein the optically
absorptive polarizer and the reflective linear polarizer have polarization directions

oriented at 90° relative to each other.




colors back to the substrate, the reflective color filter array is arranged
relative to the substrate such that there are no | ayers which
substantially absorb light of the primary colors between the substrate and
the reflective color filter array; and a reflective panel which reflects
the reflected Iight having the primary colors back towards the reflective
color filter array; wherein the nodul ation array conprises a reflective

pol ari zer 5and Theoptidal display [device of anyeoradf@iaitnk Il t4g iwheteimyachofdhes posed

bet ween the npdul ati on array, and the sybstrate. 2. The optical display
devi ce of Modulafien clepsats coppriges 4%9¢1%PF%§‘1 st dyer.s a reflective |inear
pol ari zer di sposed between the reflective color filter array and the
substrate. 3. The optical display device of claim1 or 2, wherein the

nodul ation array further conprises an optically absorptive polarizer

di sposed over the reflective color filter array. 4. The optical display
device of claiml1l, wherein the reflective polarizer is a reflective |inear
pol ari zer di sposed between the reflective color filter array and the
substrate, wherein the nodul ation array further conprises an optically
absorptive polarizer disposed over the reflective color filter array, and
wherein the optically absorptive polarizer and the reflective |inear

pol ari zer have pol arization directions oriented at 90 relative to each
other. 8 5. The optical display device of any one of clains 1-4, wherein
each of the nodul ation elenents conprises a portion of a liquid crystal

| ayer. 9




