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optical display including a reflective color filter
array (RFCA) liquid crystal display (LCD). Col or LCDs
typically include a color filter array (CFA) mask
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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 viewwth alternating
filters 24r, 24b and 24g, which transmt red, blue,
waea4gssen | i ght, respectively. -1 WO 2004/ 053BG1/US2003/038425

PCT/ US2003/ 038425 SUMVARY OF THE I NVENTION In

accordance with one aspect of the present invention,
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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 |ight having other of the primary colors
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there are no | ayers which substantially absorb Iight

of the primary colors between the substrate and the

reflective color filter array; and a reflective panel
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colors back towards the reflective color filter array.
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conventional color LCD with a color filter array.
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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.
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be any desired colors, such as red,

green and bl ue, for
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

4.



exanpl e. The primary colors may alternatively be cyan,
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l%ntlnaskés Bﬁlirﬁ/n%, 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
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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.
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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.



interlayer 142 may be a passivation |ayer for exanple,
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3 peflachye ol rilternarzay ¢1R8) spantising o alusdlgpeoiogolomglters, (1224,

e N t] n Lt y.0f th

D e Sl Benf Bas PRty NOF o AN Wit R %pBepiold 0 o
rdgfeictiee clamdny afnthacmodud ative amby,hedcheoff thel phoiahigy ©if adofid filters
and their.equjvalents. -7 WD 2004/ 053581 i )
PETPIIEDE0 S ShHEE el fhs BTARESOIS o1d Jefieqing Bight of the
S RtRY 1GRYVh&8ng bR of WP pliMiaRg colBrsS ttﬁ%ﬁ skdshQle, (110) the
conprising a source of light, 5112) the light fromthe
refentive aolor filtghtarray (EI0) dirtaggeal yslativaltd the substpate meahythat there are

P0G o CRRAHMT v ah b GSTRD S0 sbsc
(MoOhuendttie téflgbtive el fled afagi biigarsiour ce of light;
(112) a reflective color filter array (120) conpri sing

a pluralit olaor filters, (122A, . 122B, 122C) each
ao?e%Fﬁ%Vf’pPﬂTv‘%I%Lf@ Wich gt fisets e reflected Hehidayingothe primary colors

BaBk ERPRANthelrO&tivk SSIRERltb/Eray €Ment of the modul ation
array, each of the plurality”of color filters

2. The optical device of claim 1, wherein the modulation array (114) comprises

an optically absorptive polarizer (134) disposed over the reflective color filter array.

3. The optical device of claim 1, wherein the modulation array (114) comprises a

reflective polarizer (134) disposed between the reflective color filter array and the

substrate.

4. The optical device of claim 2, wherein the modulation array (114) comprises a
reflective polarizer disposed between the reflective color filter array (120) and the

substrate (110).



transmtting |ight having one of the primary colors

and reflecting light of the remaining Iight having
worde053581 t he primary colors back to the substPer/@s2003/038425

(110) the reflective color filter array (120)

arranged relative to the substrate such that there are

no | ayers which substantially absorb |ight of the

5’ ri ”HTBIQ @910‘31’ §ex}‘i’@et YREAm 1) %l?éﬂaﬁttﬁ@&%dulﬁﬂéph 15@omprises a

l ective color filter array; (12 a efl ective
mﬂaﬁive( fel@jizenh bch whefdie thes rd;ﬂwtnve bebE tfdter |areghit (1AQV isndisposed

ol ors . bac the reflective col or
l?‘?t'f"?%rt g(«;fl@&\l@polﬁ%erga% a%qs}Fce of claim 1,
wherei n the nodul ati on array (114) conprises an

@Pt i Cohd ¥ptRAB@EWIEd Of:1nl Al HPEIn (HSMbdelhsROsEs) V4] cdhiprises a
reflective color filter array. 3. The optical device

ﬂe@thm pelatizanh ancs iwherdie the geflestive wolor rfiier (arpy) (120) is disposed
134) d d
]%GZW 8?% 135{3 %é\f\éﬁgo F&ﬁ%es ar)rayI Zﬁgsshe

subst rat e. 4. The opti cal deV| ce of claim2, wherein
1.he nDkkubBtidaDievace aflelihly futlompompesing: refl ective
pol ari zer di sposed between the reflective color filter

arr %/@& é and %jgg bﬁ%»‘%é%&%t é%lgiw]eo)éigfi\ﬁ? ﬁeﬂa‘é@ ceolor filter

ag%% (BOY &her%eﬂl@uﬁte%}eerr@dyj abésofbtafubaintialiy4dbsorb light of the

rises a reflective polarizer, and wherein the
prehérygolore col or filter array (120) i s di sposed
between the reflective polarizer and the substrate. 6.

él' he o?l%%&ﬁ%lcaﬁj %\é{n%g o? la%a]! lfe }qf}.ﬁé eLfikclihe come lﬁ'lt@% 'aHQy (120)

arra rises ar| zer,
Snesreses ohdref cflﬁ»lés&ﬁ:rblﬁmrmidqroléndatmn scmsrtary ﬁ(ltfbr%O) | s
di sposed between the reflective polarizer and the

substrat e, . The ti device. of claim1l, further
%onpr1‘\1%|°HBCEHé]ﬂ?p?qéftdgg’rcgggéo)(cfﬁ’?}w@rgsposed bet ween t he
substrate (110) and the reflective color filter

&R ate((1 26) comipistigh ddvecd srtialay e2) thd 4ight fleashesdurce of light

substanti al'ly absorb light of the primary colors.
including a plurality of primary colors;
a modulation array (114) comprising a plurality of modulation elements (116)

arranged to modulate light received from the source of light, (112) each of the

modulation elements (116) comprising a portion of a liquid crystal layer (130);

a reflective color filter array (120) comprising a plurality of color filters, (122a, 122b,
122¢) each of the plurality of color filters arranged to correspond to a respective
element of the modulation array, (120) 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, (110) the
reflective color filter array (120) arranged relative to the substrate (110) such that
there are no layers which substantially absorb light of the primary colors between the
substrate (110) and the reflective color filter array; (120) and
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8. The optical device of claiml1l, wherein the
reflective color filter array (120) conprises one of
webaumesiseric filters and pol arizati on sensiti VECT/US2003/038425

filters. 9. An optical display device (100)
conprising: a substrate (110) conprising a source of
light, (112) the light fromthe source of |ight
4 IR Pyl R MOPIvhick sBedt WPl 0l Bt hiflp P, Bkl cotors
backrrewhsls (Hdflectarercatog ditet arrap@20nt e | i ght recei ved
fromthe source of light, (112) each of the

duI |on el enents,. (1 r|S|n a portion of a

“qui %Pl}té?aige‘fl‘éey%@c(lilﬂﬁ%){%gggrc8ﬂp@ 8e color filter
array (120) comprising a plurality of color filters,

&rﬂﬁﬁ&lay@??l@) dikgasell RBedenGhe bulRtrilel{ll 0) dndl thé rdﬂéb@‘fe color filter

Ilters arranged to correspond to a respectjv
mzesnﬂﬂ:ZO)oWh@m@ th@dmeahay@n(léz} does (lqtz@ybsf@a@aﬂywbsme light of the
ﬁluraJ&ﬁﬁjof color filters transmtting |ight having

et & primary colors and reflecting |ight of the
remai ni ng |ight having other of the primary colors
back to the substrate, (110) the reflective color
filter array (120) arranged relative to the substrate
(110) such that there are no |ayers which
substantially absorb |ight of the primary colors
between the substrate (110) and the reflective col or
filter array; (120) and -9 WO 2004/ 053581
PCT/ US2003/ 038425 a reflective panel (140) which
reflects the reflected light having the primary col ors
back towards the reflective color filter array (120).
10. The optical device of claim9, further conprising:
an interlayer (142) disposed between the substrate
(110) and the reflective color filter array, (120)
wherein the interlayer (142) does not substantially
absorb light of the primary colors. -10
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