WO 03/ 058339 PCT/ US02/ 38634 -1 Color Pre-filter for Single-Panel

Proj ection Display System Background and Summary of the Invention [0001]
Fig. 1 ilwosBmnsi3as a conventional prior art |ow cost singlPeTamsozBseBLD
projection system 10 that uses a brute force nethod to create color. An
illumnation system12 with a |ight soirce 14 provide uniform illum nation
of an nulti-color liquid crystal display (LCD) 16, which has enbedded
color filters 18R 18G and 18B corresponding to red, green and bl ue
primary color conponents. Color filters 18R 18G and 18B are aligned over
i ndi vi dual sub-pixels (not shown) of LCD 16. [0002] Each subpixel is

i ndependent | y addr Estailitre-filter foraSingleePanglUP ipjentipstidisplayddystemes of LCD 16
can be driven to certain tilt angles as is known in the art, to effect
varyi ng degrees of light transm ssion intensity. Wth appr opri ate

associ ated pol arizers, for exanple, this varies the red, green and bl ue
subpi xel intensities to provide a generally full color imge. Projection

optics 20, which are r I the color imge to
a display screen 22. %@f&% ﬁéﬁ&'%’lﬁ%@%ﬂ(‘#t “ﬁ}{i\gé oéce approach are a
| ow transnifggo4p Fl ﬂllusﬂ’éwa @thenﬂmim pﬂbpartﬁcbvl/-tcesssmgl@ parghILCBat ur at ed,

so as to yi eI d goo Céj %gr; color prinmaries, poor col or sat uration
(yi el ding i npur e Preificion s .1@§blait@q%baaséomﬁansth@sho&ieaf&t@ Offln

addition, this due to
absorption by tﬁ@%@'ﬁﬁﬁ ﬁﬁ?g&%’ﬁs%pl @Z#‘é)ﬂs}ghﬁé&agéi)?%{'#%?ng green |ight
by the red col orjjgRimeiBerdf dr muk-cdi8Riquid icnetaltdigplay (LCReWEswhich HBale

col or conponent filter 18B passes mainly just blue |ight and green filter

18G passes mai nl§mpedéedeeler filtegntsR, @'PFEW%JW"QW%F““QH@ el uni nati on
It (L2 23 Resh Ml hiubDraRagcBist Bimdierts! CoiciameANaR, fabters 18R
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and 18B are aligned over individual sub-pixels (not shown) of LCD 16.

[0002] Each subpixel is independently addressable so that the liquid crystal
molecules of LCD 16 can be driven to certain tilt angles as is known in
the art, to effect varying degrees of light fransmission intensity. With
appropriate associated polarizers, for example, this varies the red,
green and blue subpixel intensities to provide a generally full color
image. Projection optics 20, which are represented schematically,
project the color image to a display screen 22.

[0003] Problems with this brute force approach are a low transmission rate,
especially when color filters are highly saturated, so as to yield good
(i.e. pure) color primaries, or poor color saturation (yielding impure |
color primaries) to increase transmission rate. In addition, this
approach also causes heating within the LCD panel due to absorption
by the color filters. Typically, the absorption of green light by the red
color component filter 18R is inevitable. Likewise, a blue color
component filter 18B passes mainly just biue light and green filter 18G
passes mainly just green light. Thus the majority of the illumination
light (i.e., 2/3 of total) is absorbed by the color component filters 18R,



18G and 18B. Sinplified diagrans of |ight spectra illustrate generally a
spectrum 30 for polychromatic ("white") |ight provided by |ight source 14
and t he rwouwBwss3Ige spectra 32, 34, and 36 of respective re@®CTgrse®sg634 and

bl ue col or conmponents generated by projection system 10. [0004] The present
I nvention addresses all three of these_problens, by providing a color
prefilter, positioned between the Iigh?'source and the LCD panel, to shape
the spectrumof the illum nation so as to increase the relative panel
transm ssion and to reduce the heat absorption within the LCD enbedded

color filters. [OUB]athd8pr &mplifiechdiaarams afiehtispecte Busigate-ganesallycp

P P nation” sy shehuh 2t fof BRuRnfanatic Bibire Bkt BRVded BEfoftedien o
an associ ated polQgahdehe easlignpspectra 3764, eRIdB6 pf Bfspettive fatgréems t o

shape the spectrumof illum nation provided b£ the illum nation system so
as to increase relnigblde GerFompenyie gensratad dyirsoiestioe sysiest 10absor pti on
by color c ' rs. r | parated in the
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reduce in the ilpratidieg &@oldrigsfiltdrhpositibees betvesn terlight sowreedrahtie t hat
do not materially contribute to generati ng pure primary colors. A

consequence of addPRpaned teshapeihesppeieum @qhﬁ‘éﬂur‘ﬁ'ﬁét@@_@oaﬁlt@r conponent
filters can be deiﬁ@?elérs%ttﬁg B3V ggngl\’t?éﬁérjnisgﬂuaénd foﬁ%@lﬁ%?ﬁ% ﬁ@apf the
proj ection system ¢an Be I nproved. Tn one I nplenentation, the color

prefilter is abl eabgorptiomwithirmigeviate eamissdddd cdioofiiest. absorption by the LCD
col or conponent filters before such light strikes the LCD, so that there
i s | ess hedPOBA] | the present vention indedey a aingle-Pansl Leb) ieiestign gVal@int ages

Che preferred entil ontess baRbBrdgT REToba Pebli shitdAatigner ! Piion of

system and a multi-color liquid crystal display (LCD) having an

associated polarizer and analyzer. The color prefilter functions to
shape the spectrum of illumination provided by the illumination system
so as to increase relative panel transmission and to reduce heat
absorption by color component filters (e.g., red, green and blue)

~ incorporated in the LCD.

[0006] The color prefilter is selected to eliminate from or greatly reduce in
the illumination light the intensity of certain wavebands that do not
materially contribute to generating pure primary colors. A
consequence of adding the color prefilter is that the LCD color
component filters can be desaturated and the overall total
transmission of the projection system can be improved. In one
implementation, the color prefilter is able to remove the wavebands of
highest absorption by the LCD color component filters before such
light strikes the LCD, so that there is less heat build-up in the LCD.

[0007] Additional objects and advantages of the present invention will be

apparent from the detailed description of the preferred embodiment



t hereof, which proceeds with reference to the acconpanying draw ngs. Brief

Description of the Drawings [0008] Fig. 1 illustrates a conventional prior
art | oweswodemss83z® ngl e- panel LCD projection systemthat wsagisaz/bsest e force
nmethod to create color. [0009] Fig. 2 illustrates a single-panel LCD

proj ection system of the present invenfion having a prefilter positioned
between an illum nation system and a multi-color liquid crystal display

(LCD). [0010] Fig. 3 is a graph illustrating transm ssivities of
conventional color conmponent filters and transmi ssivities of desaturated
col or conponent Heredr whichprogaadpwitBigfasgees intheorasionRanyindy t h a
prefilter of thi SdraW tion. [0011] Fig. 4 is a graph illustrating
transm ssion of one'l rﬁyemantation of a twin-notch prefilter in relation

to a spectrumof illun natiBrief DgStriptibA®FitheMawings a graph showing a
white (ful IL)é ON, i.e. maximumtransm ssion) state for projection display
systenms wi tI9088H Fiot hdlustratesaeonvertions priar artilewestrgast sifaiopaneFiGDs i s a

o ay oyt o Dol sl Hatioesl: Bldg ol BB M g Rhate BT 004,
Fig. 7 is q0008] chigomaliistiaies distil@paneptCDNsrojdttion @ystent baiRChREERE | CS
1 ay

projection display systenms with and without a prefilter of this invention
relative to HDTV ip¥ediiorshayingederefifteonssitigneg betwesnansjligpinatiasgsystem

il lustration of ' -p&ﬂﬁ]- | m with a reflective
triple band pref ia?'?dergqé'“s%ancl) hlguﬂ)ﬁ!&%fegrlrgﬁpg%X g')r?é the present invention.
[0016] Fi 9-[261'0]5 Rigs B bidragh iliustrating dlahemistiviies bhebrepaionhl ddidt pr oj ect or

system with a reflective triple band prefilter on a concave substrate as
yet anot her i nplearapeaentdiitess apd drapserzsivities pbdesajnrateghcoly cosymment

PCT/ US02/ 38634 -glors that can be employed in combination with a prefilter of this
invention.

[0011] Fig. 4 is a graph illustrating transmission of one implementation of a
twin-notch prefilter in relation to a spectrum of illumination light.

[0012] Fig 5 is a graph showing a white (fully ON, i.e. maximum
transmission) state for projection display systems with and without a
prefilter of this invention.

[0013] Fig 6 is a graph showing the R, G and B values (plotted together) for
projection display systems with and without a prefilter of this invention.

[0014] Fig. 7 is a CIE chromaticity diagram plotting the color characteristics
projection display systems with and without a prefilter of this invention
relative to HDTV color standards.

[0015] Fig. 8 is a simplified illustration of a single-panel LCD projector system
with a reflective triple band prefilter as another implementation of the
present invention.

[0016] Fig. 9 is a simplified illustration of a single-panel LCD projector system
with a reflective triple band prefilter on a concave substrate as yet

another implementation of the present invention.



[0017] Fig. 10 is a sinplified illustration of a single-panel LCD projector
system a pol ari zati on conversion system (PCS) as another inplenentation of
the presewDoBwssae i on. [0018] Fig. 11 a sinplified ill ustprariusnz/sdedstil |
anot her inplenentation of a single-panel LCD projection systemwith a
transm ssive optical retarder stack dquble notch prefilter. [0019] Fig. 12
iIs asinplified illustration of a singlfe-panel LCD projection systemthat

i ncludes a notch color filter that is positioned after a nulti- color
liquid crystal display (LCD). Detailed Description of Preferred Enbodi nents
[0020] Fig. [091713 %95151& ﬁf&lfél“flﬂd illgstratianoef @singlespAReld-GRMPiectd proj ecti on

system 50 t hat I1lum nation
system 54 and a WF@SC%S%@FI?%M §6'?: %@ﬁsslyé %E?ggg?%%%@ i ncludi ng an
associ at ed poI ar I|ﬁfpﬂem@dtaiitb:ﬁ|cyf2tﬁé p(réggnmﬂi\mmn [I'lum nation system 54

i ncludes a |i ght source 55, and LCD 56 includes enbedded color filters

58R 58G d4RAT8BE g0 1 esyimmified iliustratien of ghlbanothen implemasitatien 9f ol or
conmponents. Pref :%{@%I 2 %ygi%h]%}é%lotnos &fﬁmwg tFa%%ﬁ’hééi}?% Fatlééll um nation

provided by illu 0 I'nCrease Te ve panel

transm ssion, theeedrder ethekidowblenrelchalrefiitgrt i on by col or conponent filters
58 incorporated in LCD 56. Projection optics 60, which are rePresent ed

schemat i call0919brliped? is aélm@w‘m illpsigation of a sinaigrpapell<GRanojegtion 0021]

bt 5 | S BT P AP R R g

materially contr |dm<b;e||qmo|gqrm|an$mgy LCB). primary colors. A consequence of
the filtering provided by prefilter. 52 is that the LCD color filters 58

can be desaturated, aRgtailed BeseptionpfRreferredFmbogimests proj ecti on

o e o0 AR SR LB EBATES S ok Bt 52 1 el

PCT/ US02/ 38634  system 50 that includes a prefilter 52 positioned between an
ilumination system 54 and a multi-color liquid crystal display (LCD) 56
including an associated polarizer and analyzer (not shown).
lllumination system 54 includes a light source 55, and LCD 56
includes embedded color filters 58R, 58G, and 58B corresponding to
red, green and blue primary color components. Prefilter 52 functions
to shape the spectrum of illumination provided by illumination system
54 so as to increase relative panel transmission, thereby reducing
heat absorption by color component filters 58 incorporated in LCD 56.
Projection optics 60, which are represented schematically, project the
color image to a display screen 62.

[0021] Prefilter 52 is selected to eliminate from or greatly reduce in the

illumination light the intensity of certain wavebands that do not
materially contribute to generating pure primary colors. A
consequence of the filtering provided by prefilter 52 is that the LCD
color filters 58 can be desaturated, and the overall total transmission
of projection system 50 can be improved. In one implementation, the

prefilter 52 is able to remove the wavebands of highest absorption by



-5 color conmponent filters 58 before such light strikes the LCD 56, so
that there is less heat-up in the LCD 56. [0022] The prefilter 52 shapes
the |ightweopawosssam fromillum nati on system 54 source i nPaTdiSe2/88864 r ed,
green, and bl ue subbands. Hence prefilter 52 is configured to have steep
transm ssion edges around two notches, . | ocated around 500 and 590nm
regions of the visible spectrum (com"rénly specified as 400 to 700nm).

Col or purity for red, green, and blue prinaries can be arbitrarily

i mproved by increasing the prefilter notch bandw dths. A SI lified

di agram of a spe&d@ﬁ%ﬂp%e“tﬁlﬁﬁeﬁﬁﬁ&@é@fﬁcsqqhdlﬂht strtsesdba LGP PBrss6 wi t h

chromatic "notch ) I the filtering or blocking of
respective cyan g‘ﬁﬁt ﬁ%r(le v%sgg'letg?%@ lhlt#ééjngbt[gég'y prefilter 52. [0023] Fig. 3

i's a graph [0022BtTHd prediltes 52 shabed the ligist stdktrun® Bonsifldmitdion system 54
transm ssivities of conventional color conponent filters 58R, f8 and
58B. Dashed |i nesSorsge intodistinghireth green . aia alue subkasds s lanceirssfilier 52

desat urat ed col or; te f ?ﬁg M;@q enpl oyed
i n conbi nation V\n'?hggﬁ@f' ttng%,%.egtﬁ%l??%gs e'%'?%ﬁgélggg&pﬁh otﬂﬁes

transm ssi on rat decatéB, arédfd 580chnt?Eorimtirbgione xttive aiside spéohrumcorrponent
filters 58R, 58G 6 and 58B in conparison to conventional _transm ssion rates

70R, 70G and 70HCORBURWYsperiiedassAiy t%BQIQ”mEr EPiqripaiitysior reRergetat lﬁr at ed
filters support edarﬁ?’uesep Fﬁ%@@ﬁ‘&@ B\éedjﬁﬁl%?lg ﬂe& ?SP n‘F@rEE?!mﬁalHé much worse

col or saturation va ustrati transm ssi on
80 of one i npl engoreéittéromotoh baadt/mlthsn@t mmmfled |d||agafarr5<2f a Bpeahamﬁmoit 0 a

Epresonts the  pEPTEICHGEhPivdRHLE BB arafebe #r@eﬁ@%’%m o
cressons’ o g bouptadlodin ime nsiami S
| i ght WO 03/ 05833&IIB@T¢dIS0CErRR68ENts by prefilter 52.

[0023] Fig. 3 is a graph illustrating as a solid lines 70R, 70G, and 70B
transmissivities of conventional color component filters 58R, 58G, and
58B. Dashed lines 72R, 72G, and 72B illustrate transmissivities of
desaturated color component filters 58R, 58G, and 58B that can be
employed in combination with prefilter 52. Notice the significantly
higher transmission rates 72R, 72G, and 72B of the desaturated color
component filters 58R, 58G, and 588 in comparison to conventional
transmission rates 70R, 70G, and 70B. However, if used without
prefilter 52, the desaturated filters supported by the present invention
would typically have much worse color saturation values.

[0024] Fig. 4 is a graph illustrating transmission 80 of one implementation of
a twin-notch prefilter 52 in relation to a spectrum 82 of one
implementation of illumination light. A spectrum 84 represents the

: produét between transmission 80 and spectrum 82 and corresponds
to the result of the illumination light passing through the twin-notch
prefilter 52. Spectrum 84 illustrates significantly reduced light



-6 intensities 86A and 86B at at extraneous wavebands corresponding to
respective notches 88A and 88B in transmssivity of prefilter 52. [0025]
Fig 5 i s wogsapsdshowi ng a white (fully ON, i.e. maximum PCAME0L/3BBHN)
state for an exenplary prior art projection 10 (indicated by solid line)
and a projection system50 according tq the present invention (indicated
by "+" synmbols with intervening dasheS)l." Fig 6 is a graph show ng red,
green and blue transm ssivities in an exenplary prior art projection 10
(i ndicated by pl ots 90.- general other than solid Iines) and a

proj ection syst enntgn &M qgd t553y B akatpdeneousiwanehends cormesprendiag tay

plots 92 - solid | esﬁgéﬁve na&ﬂeg ﬁ\hén@?SE'lH?ranémI%\ﬂﬁpoifﬁd‘éﬂﬁ%% esul t of

mul tiplication of um nation ource spectra VI red,

green, and [0i026] f Figt®isl aigrapishowinga White (fatlg ON iild. efiaxituansm ssi on for
projection systens 50. Miltiplications are perforned . point- b(y(gm nt for
each spectral posiran¥Risfiam statfdeean egeml%mﬂogaﬁmrejq%pnﬂ@ Incdgatedanpl e.

[ 0026] When a cony, r ction,
nost of the ill u %cte’al ".Oﬁgé%%l@ pr@bbﬁsorgsté@&?ﬁ%&gﬁg t}' gégﬂr‘rt:t rix 18.
Even w th high tingestiors §hdicatediey telsymbols wel!thsnte%vertlh@dh@bsﬁ)aﬁﬁg 6 1$apasses
only about 16% of the |ight that passes through t he .i.ncjdent polarizing

filter. This {1 ar@RPESSNING rethoGraer anfiie TNSmISSAHiR NN SKOTRIAN oper at es
Inatwsted nemglig JpAg Eeiﬂcidﬁ'o\({ﬂaegtédﬂs%hlo%gé %é(ﬁér%hyan aelrthéﬁ

sandw ched between an i Farizer and an out zer. [0027]

Wth reference tosglid IQTesé,trahdrH pmecttldmrsysjzaheﬁ@ ddtondingitg thépresiwt
illum nation spectrumis passed i ndependentl y t hr ou h t he red, reen and

blue filters and 'PM@H’“%HB?W@EP%’?Y plos 9¢ reealid(lteshy ah? gpbBEFIgs. oye in a
Cemroven ot o8 8O FL2 e SRR PELERAARSR iRl specr
with |ndIV|dua| red, green, and blue filtering, including the notch filter
transmission for projection systems 50. Multiplications are performed
point-by-point for each spectral position with a model using 2nm
sample points, for example.

[0026] When a conventional color filtered LCD 16 is used for projection, most
of the illuminating light is absorbed by the color filter matrix 18. Even
with high transmission type color filters 18, the LCD panel 16 passes
only about 16% of the light that passes through the incident polarizing
filter. This transmission is characteristic of a LCD panel 16 that
operates in a twisted nematic mode and in which the liquid crystal cell
is sandwiched between an incident polarizer and an outgoing
analyzer.

[0027] With reference to prior art projection system 10 of Fig. 1, the
illumination spectrum is passed independently through the red, green
and blue filters and then combined at the screen (or by an observer's

eye in a direct display) to form a full color image. The mathematical
representation is simply



-7 Illumnant *( R+ G+ B) = Screen spectrum [0028] In order to portray
television signals, the color primaries can be observed by analyzing the

sub- channwb 08088389 a may be represented as: ||l um nant * RCTIUSOBS6BENt * G
and Illumnant * B [0029] Each of color filters 18R 18B, and 18G can in
theory be darkened wuntil it gives sufficient color purity so that

specified primary red, green, and blUé colors specified by SMPTE (Soci ety
of Motion Picture and Tel evision Engineers) for HDTV can be projected onto
di splay screen 22. For exanple, the dyestuff or pignment used for color
filters 18 can be concentiflaméandr( Raybr &8)imSeigeneectsehi on duri ng
fabrication to allow such highly saturated primary colors, but such purity

will be a ied, by, ,a stro |l.oss of trapsm ssivity.. An_equally

br obl ermat | dOBARE dp AELIOPSRS e RER Sanalc i Fopt diiries FaR B T cant
absorption of thedddrysd Banalyziy e subékdhnel sbetip@thdyobe henbiastedl the
color filter layer 18 and the 'entire LCD 16. [0030] It is difficult to
renove such heat d%'omthe gl ass substrates of the LCD 16 -because glass is
not a very good thermal conductor. As a result, sone residual problens can
remain. U S Patent No. 5, ﬁ82,.21 *d%escri bes use of a plastic filmnmade of
TAC (Tri-Acetyl Cell ul ose)tging dUte or elininate thermals from show ng up
as i mage artifacts. [0031]llluminants @oR%xt, the positioning of prefilter 52
in front of LCD 56, and |lilgmirgntéddor filters 58, can help reduce heating
of the LCD 56. Table 1 bel ow conpares such a projection system50 with a
prefilter 50029 E&clybf eslocfilters TR 188 28 18G lvanhie tipgorgrbeaddrkpned ect i on
system 10 (with conven_tiona#, color filters % Sggci%gfi,lter). Fig. 7is a

Cl E chromati ci ty Wil d0'veBsdigcient ojan pHEYem! primaryred, green,
and blue colors specified by SMPTE (Society of Motion Picture and

Television Engineers) for HDTV can be projected onto display screen
22. For example, the dyestuff or pigment used for color filters 18 can
be concentrated or layered in thicker fashion during fabrication to
allow such highly saturated primary colors, but such purity will be
accompanied by a strong loss of transmissivity. An equally
problematic consequence of such color-enhanced filters is a
significant absorption of the illumination power, which will lead to
heating of the color filter layer 18 and the entire LCD 16.

[0030] It is difficult to remove such heat from the glass substrates of the LCD
16 —because glass is not a very good thermal conductor. As a result,
some residual problems can remain. U.S. Patent No. 5,682,216
describes use of a plastic film made of TAC (Tri-Acetyl Cellulose) to
reduce or eliminate thermals from showing up as image artifacts.

[0031] In this context, the positioning of prefilter 52 in front of LCD 56, and
lighter color filters 58, can help reduce heating of the LCD 56. Table
1 below compares such a projection system 50 with a prefilter 52 and
lighter color filters 58 with the prior art projection system 10 (with

conventional color filters and no prefilter). Fig. 7 is a CIE chromaticity



-8 diagramplotting the color characteristics of a system50 and a prior
system 10 (indicated by "square" data points) relative to HDTV standard
col or parweeBess3{i ndi cated by "x: data points). Table 1 PCTArSozsg63dhi s
Invention, with prefilter wusing 2 notches Red x=0.65 x=0.65 y=0.34 y=0.33
G een x=0.31 x=0.30 y=0.65 y=0.63 Blue x=0.15 x=0.16 y=0.07 y=0.07 Wite
x=0.29 x=0.29 vy=0.34 y=0.34 Transmttance 15.6% 16.5% Absorption 84.4%
78.1%[0032] Table 1 illustrates that nearly ideal color primaries can be
obtained wth either system Both systens are based on commercially

avai | abl e col or fdlagrarrsplézttmgathﬁmqlw;féﬁwem@m@faarﬁystequé@|ayd§ta@ﬁor col or

primaries are obt e b red) UHP
source and |ight g,gg@@?gpﬂ(m %ta{e]gd E’gt gaﬁerggtéggﬁ@)%gﬂ&%ﬁ%i_{dw overal |
transm ssion for sttémaw@bldrtwranheﬁetst(mme@bwsaxdatatpﬁnycsﬁ% [0033] The

prefil tereg_aganel absorbs 78% of the prefiltered illumnation energy,

wher eas thda®éhlentional syste CD
absor bi ng 84% of| the il um nat | Brior Adr eover|, Thiadnyendion, with prefiltares a
reduction of light incident at|the LCD of alusihg25%tcsest hat the janmount of

optical power absgehed by the LgEpesth i ghtesoedl or filter set s reduced
to (7875=) 58.5%of the originp|=haaP' s powey=0.3Bot only is the prefiltered

system bri ghter, @péent e absSor Pty @RET gy 1 N =0 30
y=0.65 y=0.63

Blue x=0.15 x=0.16

y=0.07 y=0.07

White x=0.29 x=0.29

y=0.34 y=0.34

Transmittance 15.6% 16.5%

Absorption 84.4% 78.1%

[0032] Table 1 illustrates that nearly ideal color primaries can be obtained
with either system. Both systems are based on commercially
available color filters and a Philips UHP 100W lamp. Equally good
color primaries are obtained with the prefiltered (double-notch filtered)
UHP source and lighter color filter set. There is an improvement in
overall transmission for the prefiltered system of approximately 5%.

[0033] The prefiltered panel absorbs 78% of the prefiltered illumination
energy, whereas the conventional system with nonfiltered source has
the LCD absorbing 84% of the illumination. Moreover, the prefilter
causes a reduction of light incident at the LCD of about 25%, so that
the amount of optical power absorbed by the LCD with lighter color
filter set is reduced to (78*75=) 58.5% of the original lamp’s power.
Not only is the prefiltered system brighter, but the absorbed energy in
the LCD is reduced to only about 75% of that for the nonfiltered

system.



the LCD is reduced to only about 75% of that for the nonfiltered system
WO 03/ 058339 PCT/ US02/ 38634 -9 [0034] The notch filters 52A and 52B can be
made as two o3skspendent |ayers or devices for easier anglPETIUsa2/BR$34 N NASS
production, or if sufficient repeatability can be had, conbined as a
single prefilter unit 52 for a |ower parts count and slightly higher
transm ssion due to elimnation of sidrfaces. Angle-tuning refers to
sensitivity that interference filters have with angle of incidence. W can

sinply tilt the filter 5 to 15 degrees to adjust the notch band (toward

the bl ue i00R4] ntheasteiyfiltarg o2 anth53RCanke Brasieras twmindependert 52A and
52B be f ] | ' 9. 2 f
Sbout 10 degr ees YRE RISl Setler MgRORIcnIn RS BRGER S L5 2t e

+/-10 degrees to gufigient teperitalsifiytani be Bad seprabiakdlas a kgESprefiteeunidegr ees
of freedomare also available for perfecti ng the color primaries with the
prefiltered projee? ¥ Bnaraartsocount end fahty bighed ffassarissierr dHedehes 66 and
68 (Fig. 2) of prgti Lot | | : en, and bl ue
color purities, tﬁﬁem{r/]tealﬁpgv%%ﬁgﬁﬁég8ﬁbggo&%ﬁ}% }’&ﬁ%@ t[s)u snisgﬁ'{tygfﬁy no effect

on blue primary ciptafereats €iltemndavewith angle ofdhcidefibe.( YU canjsirply tilt
substantially no effect on red color purity. The 490pmto 495nm edge of
the cyan notch 6etherfilieriastor hrdegiges t@@iddﬂs’[é"lﬁ nelehdeanchgpryarchiner fleegr een
color purity only, d LRt r Osi f the
cyan notch 66 affVg}éﬁsﬁ?r%éé'gpuderﬁi%)bﬁﬁ?ngg& \Aﬂﬁ?ﬁ%ﬁght ﬂ@ésgggngrgér;i&r?‘rgry val ue
strongly. Likew seayhe fdsmanothe &ifdntetd atlga arfglé beinctldnue I®(Rid. Hofaf f ect s

the green primary strongly and shoul d not fect the red purity at all,
while the 585nm %BO@Q@a?é@&é Hereealowingiha gngle %fge%ﬁei'f@ rdo ke red

DL TesY Coane] SRR Pt BEAR Y A gL he CHLO AT AT o0 o
treat [0035] Other degrees of freedom are also available for perfecting the color
primaries with the prefiltered project‘ion system 50. Although the
edges of the notches 66 and 68 (Fig. 2) of prefilter 52 are intertwined
- with the red, green, and blue color purities, the yellow notch 68 (590
nm) has substantially no effect on blue primary color value, and the
cyan notch 66 (500 nm) has substantially no effect on red color purity.
The 490nm to 495nm edge of the cyan notch 66 affects the blue
color purity strongly and the green color purity only very slightly,
whereas the 505 to 510nm edge of the cyan notch 66 affects the blue
color somewhat and the green primary value strongly. Likewise the
570nm to 575nm edge of the yellow notch 68 affects the green
primary strongly and should not effect the red purity at all, while the
585nm to 590nm edge of the yellow notch 68 affects the red primary
| color strongly and has only a small effect on the green color purity.
[0036] The prefiltered projection system 50 allows a designer to treat
saturation of embedded color filters 58 as a variable in which one can
individually densify or lighten the saturation of color component filters

58R, 658G, 58B. At the same time one can also design the prefilter 52



saturation of enbedded color filters 58 as a variable in which one can

I ndividually densify or |ighten the saturation of color conponent filters
58R, 58GwWDB3B/05%389t he sanme tinme one can al so design the pPeTiusIEss63L2 WO
03/ 058339 PCT/ US02/ 38634 -10 to narrow or wi den the two notch regions 66
and 68 and adjust placenent of all foyr of the notch edges. By iterating
one can find optimal transm ssion for'‘the entire system | essened
absorption in the color filters 58, and precise RGB col or points as
specified by display or television standard SMPTE HDTV) [0037] The
typi cal |ight soupdwarfew opmigastinedmomotrl r%lﬁﬂg@%f&@%@@dﬁéﬂw

beak nomi d-ar eerDpegnant ofp BRLRHRE hElRadT B feitRlS lo(?]%%s"gds]dt w
prefilters 52A anspthd& ttaxssnsigsion)fol tmaéradelsvsfemrieSmnddmlssorbwpm thiet h a

parabolic reflector, for exanple. Both filters 52A and 5 be slightly
tilted to adjust Qﬁi‘?'éf"?-ﬁfé@ aaﬂ@ée@lge&%%&ﬁﬁdm S@érs’fpﬁq ﬁ H&éf

producti on of suc& tfe'lé\}i 5l§ste{n ?ﬁﬂc(éngt’erl a?-ﬁqjug Et ation, prefilters 52A

and 52B are nade from oIo rap romated gelatin (DCQ,

due to excq}k])bem Tlﬁﬁimlwmgﬁtswmstfoﬁproﬁumohowqs)ahlngpmetsbarmmeecwych DCG
materi al s ave excellent reliability and performnce wth s ro

i nci dence.  Pref edigghgrgeramp, which 'Eﬁﬁ ?éﬁnQWt"‘l dficignaydp rgcpl é(‘f?é’& P'é\ eI y
ahead of the pr egthg{qeéeélglﬁ ﬁlcf—pfgetri Fe@lc} '54@]1%'[??9 19eHt &f Byl ol et

light. [0039] Fi ratlono a5|n gl e- panel” LCD
proj ector SySteleléésaWomn@ﬂllfms SQmszaasehowh ) tocatedt imsfeanit ofrikient i on. A

reflective triple band prefilt 2 receives i fion m an
i Ilumination sysie&m, 1w @upér%bﬂﬁ@lf?ﬁﬁﬁpr 8" Péﬁ‘%‘lp%@% "'Ieé%ﬁbé %E' e band

prefilter 102 i smta IBeegm]%gﬂ?g&g!aﬁjl%fé&dd@%@@ﬂgg%%&%gﬁﬁgaétespeC| fic

or tuned primary color at an inclined
angl e back t hr ougdriatignsiinmtassgproelnstid®) 6f suctafilbenst i - col or i quid crystal

di spl ay [0038] In one implementation, prefilters 52A and 52B are made from
holographic materials, dichromated gelatin (DCG), due to excellent
edge characteristics and low cost. Furthermore such DCG materials
have excellent reliability and performance with strong light incidence.
Preferably there is a UV rejection filter placed immediately ahead of
the prefilter 52 to practically eliminate damaging ultraviolet light.

[0039] Fig. 8 is a simplified illustration of a single-panel LCD projector system
100 as another implementation of the present invention. A reflective
triple band prefilter 102 receives illumination light from an illumination
system 104 via a collimating lens 106. Reflective triple band prefilter
102 is tilted at an angle of incidence 108 to reflect specific or tuned
primary color bands (e.g., red, green, and blue) at an inclined angle
back through collimating lens 106 to a multi-color liquid crystal display
(LCD) 110 including an associated polarizer and analyzer (not shown)
and color component filters 112R, 112G, and 112B. Hllumination
system 104 and LCD 110 may be substantially the same as

illumination system 54 and LCD 56. Projection optics 114,



(LCD) 110 including an associ ated pol ari zer and anal yzer (not shown) and
col or conponent filters 112R, 112G and 112B. Illum nation system 104 and
LCD 110 map obesssabstantially the sane as illum nation sy®ecamssdsssad LCD
56. Projection optics 114, WD 03/058339 PCT/ US02/ 38634 -11 represented
schematically, project a display inmage to a display screen 116. [0040]
Prefilter 102 functions in a manner éﬁérbgous to that of prefilters 52
(Fig. 2). In particular, reflective triple band prefilter 102 and

transm ssive notch filters 52 shape the spectrumaof illum natjion rovi ded
by an illuni nati gepesssnied aeheraatically, ewiesta dise@yiimaggitas ﬁiléﬁlay|&i°g£ﬁntomrd
an LCD. [0041] Tr m ssive notch filters 52 omt undesired yell ow and cyan
| ight conponents by reflecting themaway fromthe LCD 56. By sel ectively

reflecting (bosep Preditegl B2 furitidnblivg rhaghér aaipgaetosthadvhprefiibes $ZD 110,
reflective triple band prefilter 102 omts undesired yel|low and cyan |ight

conponents by abdbihiZig It particetar; reflestive timeg bend mrafitsr 162 98 Lcp 110. As a

result, reflectiy ri. [ 0. ' : ; e panel
transm ssi on and tfae[i?u@géﬁﬁ%go?&]aﬁ@%rgp zlt%ﬂnapg)ey%ecéor{é %?“%@“Sﬁg'g@rﬁéﬂﬂ ters 112
i ncorporated in L&bviltd Bynait hemipatier systescanddilectooler-tuoedtilanisationi ve

notch filters 52. An aspect of single- panel LCD projection system 100 is
that col or-tuned light feardan ECkers, such as reflective triple band

prefilter i - : = JLANSm ssi ve
ot ch 1111 d821E RS ReHE holeh SRS oo R Falo aiffgen bR S ol 521 7

sinplified illustgshpomernts by refloctirer thenebwaGbrom theCOr 568y Byawledtit@lyas yet
anot her inplenmentation of the present invention. A reflectiv IL | e band

t
prefilter 122 on rleeigiunesiss geaen nd Blupdight compsngats Bvard g Lom an
I Tum nation systpfg Jafle R\ HBR! bY5 prdfRER 102 omits undesired yellow and

cyan light components by absorbing them or transmitting them away
from LCD 110. As a result, reflective triple band prefilter 102
increases relative panel transmission and reduces heat absorption by
color component filters 112 incorporated in LCD 110 in the manner
described above for transmissive notch filters 52. An aspect of single-
panel LCD projection system 100 is that color-tuned reflective filters,
such as reflective triple band prefilter 102, can be easier to
manufacture than color-tuned transmissive notch filters, such as
transmissive notch filters 52.

[0042] Fig. 9 is a simplified illustration of a single-panel LCD projector system
120 as yet another implementation of the present invention. A
reflective triple band prefilter 122 on a concave substrate receives
illumination light from an illumination system 124. Reflective triple
band prefilter 122 is tilted relative to an angle of incidence 128 to
reflect specific or tuned primary color bands (e.g., red, green, and
blue) at an inclined angle back to a multi-color liquid crystal display
(LCD) 130 including an associated polarizer and analyzer (not shown)
and color component filters 132R, 132G, and 132B.



band prefilter 122 is tilted relative to an angle of incidence 128 to
reflect specific or tuned primary col or bands (e.g., red, green, and bl ue)
at an i ncworedsssaygl e back to a multi-color |iquid crystal pdirashagse3{ LCD)

130 including an associ ated pol ari zer and anal yzer (not shown) and col or
component filters 132R, 132G and 132B, WO 03/ 058339 PCT/ US02/ 38634 -12

[ 0043] Projection system 120 is substéﬁ%lally t he same as projection system
100, except that except the forner substitutes a concave substrate for
collimating | ens 106 to provide convergence of color-tuned illumnating
light dir e&ﬂ@@l drofEstiopcyskern;12étis subsigntially teusame&srrrsiastien system

schematically, prfq(f (‘ég&gpﬁhﬁg%?%?ﬂtqﬁg??ﬁﬁeﬁsﬁsﬁﬂlt@ asq%rnﬁ%ge si';ﬁ@trat%e aag4]

Fig. 10 is a si 1'on_of a single-pane

system 150 as anQid’llﬁﬁailrﬁg)lemE‘m&td provitie ctdlﬁ/epg@&%lﬁ ¢dl®!r81mmledn A
reflective triple band prefilter 152 rece| ves illum nation |light froman

i |1 unination systlwmm@l'&hédﬂﬁgﬁﬂ teilfe ﬁpeg‘%@m'om@@ ieadBfow or solid),
relay optics 158 agf.8.04 3bhémhti W@s&ﬁé B_pRYShigel BEYishRlY scrbe 160

receives uniformi m nation o Ion an nsmts
light with a sel ef3&d pol ari zation (e.qg., S—polarlzed) with mnimnal
attenuati on. 50045 For exanple, PCS 160 includes a supported dielectric

film 162 tHA044E Figoll@is Qeﬁﬂﬁ“@ﬁ'%l”ééﬁrﬁw ahd stersPane\-@Rreiest’'c. one of
S- and P- polari f\{ygté% §af1 ré?% ‘?ﬁieﬁtgﬁc%’gpﬂg e%%hffn?lgﬁ‘éﬁn A62 (e.g.,
rght (e.g.,

S- polarized lig er o l"ari ze
P- polarized |ighkflettve ﬂﬂdl@baad pvr@ﬁlaardlsal recéives llfurhmaﬁﬁmght faomaah) acent

i nclined face of aprlsm166to berefl ed ou 0 a hal f- wave
retarder 168. HallfUiRAtionesysiera! 5f6‘63@0| PiRe in "?Eqmg@t@'@’ﬂ@” PR} zed

light to P-polarig f-él/ bl%ét1%§8n§lré%oléhiaﬂr%r%ﬁnv%@éh%93&'?1?@’5@16@50 is of a

single polarizatio ari zat
PCS 160 receives uniform illumination of arbitrary polarization and

transmits light with a selected polarization (e.g., S-polarized) with
minimal attenuation.

[0045] For example, PCS 160 includes a supported dielectric film 162 that is
polarization selective and generally achromatic. One of S- and P-
polarized light is transmitted through dielectric film 162 (e.g., S-
polarized light), and the other of the S- and P-polarized light (e.g., P-
polarized light) is reflected to a dielectric film 164 on an adjacent
inclined face of a prism 166 to be reflected outward through a half-
wave retarder 168. Half-wave retarder 168 converts the reflected S-
polarized light to P-polarized light, so that all light passing from PCS
160 is of a single polarization (e.g., S-polarization).

[0046] Reflective triple band prefilter 152 may be formed of gradient filters

~that preferentially reflect the primary color components red, green,
and blue at, for example, an angle 170 of 45 degrees from the angle
of incidence. In one implementation, a magenta filter may be
substituted for the red and blue gradient filters to form the equivalent

of a double-notch filter. In either implementation, the gradient filters



[ 0046] Reflective triple band prefilter 152 nmay be formed of gradient
filters that preferentially reflect the primary color conponents red,
green, awo olosss3at, for exanple, an angle 170 of 45 degr ®€3/ifsowsseBhe angl e
of incidence. In one inplenentation, a magenta filter may be substituted
for the red and blue gradient filters to formthe equivalent of a

doubl e-notch filter. In either inpl eﬁér?’t’ation, the gradient filters WD

03/ 058339 PCT/ US02/ 38634 -13 may be formed on separate substrates or on a
common substrate. Prefilter 152 reflects the color-filtered light to a LCD
172 with col or doapbedatmed on&geparFigrsubsiiatgs ainen @ﬁ@mmaﬁéuﬁﬁﬁg%tion

optics 176 proj . ' ' e g LSR 1 : ] Fig. 11
a sinplified i||3§'%’?'§?‘idj<‘)§f§f¥es°#¥ﬁ% o8 tﬁ@%ﬁﬁﬁiﬁt@?é?%'ﬂawéy

si ngl e- panel LCD dqonwp@dritdittery $T4R) 184G, #md ti74Bsand projectiarpoptied 176 et ar der
doubl e notch prefilter 182 receives il um nation {j ht from an

i |1 uni nation systRspiecta display IMagato gigieplay seges r8g-186 (hol l ow or solid),

relay opti o an | af i ' : q t hat
qeneral Ty TOPATY F8 112 fifelfed Bhisgaugo L HEARRSY ShBlerElor oa 7T
I'I'1um nation i nt eghigieqrantd6CDprojestion dysteht18s sAn trahemisdive, apticaight
provided by illum nation system 184, and relay optics 188 rotj ect the
uni form i I | uni natetatder gaublspiehgrafiten (1§14 receins "é'm"i}%t'%ﬁ)ﬂﬂ 4B @

prefilter 182 to . ' : | i : ' For
exanpl e, PCS 190 'W%f”%é’@%%%??? B’ é%ggilgﬁgf g@?rlpf:g&f’%drrnaggz(ﬁg ﬁ%v%/b?géﬁdl),

pol ari zation sel qeldyweptisd! 88 meied pylasichtiomadnversionesysters(P&&) 180 that ar i zed
light is transmtted through dieIe_ctri,cfiImZQZCf . 0., S 8olarj ed
light), and the dIanaraby pelpazes thafumingiion polanze &18-,@&@. NPAXISH| ari zed

L i e T e
Hal f - wave r et ar dggrokRi2dagnivenisatidnesysédrn el@de dnb-refayl aptics B8l profect the
P-polarized 11 (‘:]httﬁnh;soorrnt iﬂaﬁniﬁaltt}onl IE r’gtpa gﬁaitﬂl%ufgrhotgnz(r:nsfssive double notch

prefilter 182 to an LCD 192 with an additional polarizer 194.

[0048] For example, PCS 190 includes a supported dielectric film 202 that is
polarization selective and generally achromatic. One of S- and P-
polarized light is transmitted through dielectric film 202 (e.g., S-
polarized light), and the other of the S- and P-polarized light (e.g., P-
polarized light) is reflected to a dielectric film 204 on an adjacent
inclined face of a prism 206 to be reflected outward through a half-
wave retarder 208. Half-wave retarder 208 converts the reflected S-
polarized light to P-polarized light, so that all light passing from PCS
190 is of a single polarization (e.g., S-polarization).

[0049] In one implementation, double notch prefilter 182 is formed of a stack
of stretch plastic films, each with specific retardation value and each
at a specific angle, thereby forming a filter that simply rotates some.
wavelengths (by 90 degrees ideally) and leaves other wavelengths
unrotated (or effectively orthogonal to the other band). Transmissive,

optical retarder stack double notch prefilter 182 is commercially



190 is of a single polarization (e.g., S-polarization). [0049] In one

I npl ement ati on, double notch prefilter 182 is formed of a stack of stretch
pl astic fwbrms/joss8ach with specific retardation val ue and e&ch/usar3s3speci fic
angle, thereby formng a filter that sinply rotates sone. wavel engths (by
90 degrees ideally) and | eaves other: velengths unrotated (or effectively
orthogonal to the other band). Transri SSive, optical retarder stack double
notch prefilter 182 is comrercially V\D 03/ 058339 PCT/ US02/ 38634 - 14

avai l abl e from Col orLink, Inc. of Boulder, Cal orado. An advant age of t he
retarder stack doaMgilableotrem %@'@fhm'ﬁ éﬂclngBQlé'd%QdPﬁa Rad\B afaRiageQfy

| ar ge vi ew ng ang| edges
of the filter banh8 r8}’a§§g%§%a§ﬁg‘og§[]ef P%t&p;bt(?le@’cnét?s];@'ﬁ%ﬁﬁét |Eﬁg%trair§r?t§/§§/t em 180,
nanel y the posi tiagye vigwiig asgleraler waiictcthetioisohe substahtialr sHift lof eve 182

between pol arization conversion system 190 and pol ari zer 194, allows
retarder stack o‘éﬂﬂ:ﬁ%oﬁ@?(mteﬁpéf‘ﬁjﬁer 182 to eli m nate or reduce the

not ched | y adj acent
LCD 192 %@ggﬂﬁ%ecgghl éﬁ&g@?}fﬁr aspr%é‘%ét%g&es{;: I on é@?kﬁ%{& E@O In sone
i npl enent ati ons oﬁosmicmmgtdfOeta&}eirtmkw@t,lbléﬁbtdmﬁrehlteh152(jptetweer¢ur acy col or

filters 210R 210G and 210B nay substit for retarder stack
doubl e- notch prefP® @ezatmcweé%lamgﬁt%m 3@5 anﬁioqcﬂﬁ“z%r&"‘i Iaﬁ@WS\KPTﬁ'id%rnl y one

g v e ] oAbk Ao AtEh bty 12 loifniRafor Ebges the HatdRd o, Pf 2

si ngl e-panel LCD projection I'nc S a notch color filter
252 (e.g., a dOUbWavél@amis Polbhaer)194]éposntmn|edqu$’uammmreﬂlgradﬁoamttLG[bol or
liquid crystal dis Ia (LCD) 256. As with |]n|$)| ergﬁ,nt ations ggsciri bed above,
proj ection systen 9290 e1anses IngoGcontrast ol PIois Igpisysten) d PSEMG th a

light source 255 &1% ldngcdfgﬁg%ﬁggﬁgsg%% "F@d)q_le)H'Qze\K/ﬁh% , 258G and

258B correspondln gre rimary color conponents and
accuracy color filters 210R, 210G, and 21OB may substitute for

retarder stack double-notch prefilter 182 a retarder stack -notch
prefilter with only one (e.g., yellow) notchband.

[0051] Fig. 12 is a simplified illustration of a single-panel LCD projection
system 250 that includes a notch color filter 252 (e.g., a double-notch
filter) that is positioned after a multi-color liquid crystal display (LCD)
256. As with implementations described above, projection system
250 includes between an illumination system 254 with a light source
255. LCD 256 includes embedded color filters 258R, 258G, and 258B
corresponding to red, green and blue primary color components and
an associated polarizer and analyzer (not shown). Notch color filter
252 is positioned between LCD 256 and projection optics 60, which
are represented schematically and project the color image to a display
screen 262.

[0052] Notch color filter 252 functions to shape the spectrum of illumination
provided by the combination of illumination system 254 and LCD 256.

Notch color filter 252 is selected to eliminate from or greatly reduce in

the illumination light the intensity of certain wavebands that do not



an associ ated pol ari zer and anal yzer (not shown). Notch color filter 252
is positioned between LCD 256 and projection optics 60, which are
representwo osobkssamt i cal |y and project the color imge to ®CAIEPL/38634 screen
262. [0052] Notch color filter 252 functions to shape the spectrum of

illumnation provided by the conbi nat1§p of illum nation system 254 and
LCD 256. Notch color filter 252 is sel'ected to elininate fromor greatly
reduce in the illumnation Iight the intensity of certain wavebands that

do not WD 03/058339 PCT/US02/38634 -15 materially contribyte to generating
pure primary col gnateriglly copfiuiie e eenerating Rure PEFIY COrBSi ded by not ch

color filter 252 i HH ' 9853t st ed, and
the overall tot aléalstregﬁ%rqlcélsa%n o%é}glrg.(;?rg&ﬁetgﬁéggétéﬁm Om%gn %e i mproved. A
di sadvant age of tthe lfoBidoilarrfillegs 258 cahdle dedadurafted tand e2owrakbtotalCD 256 is

t hat sonme undesirabl e wavebands. be abs ed col or .cqonponent filters
258, thereby resﬂ@'?%'sﬂ?”s%nrﬂoﬁgggpﬁés@m 2%@)099 e INEYOVedafbl e, notch
color filter 252 g i i ek i ed
gelatin (DCQ, as&sgg%?tég%%g&o%geﬂl%@gg%?ﬁggfg?l%ﬁ%ﬂ %C%afrtgﬂalgd-jg%ﬁcti on
system uses a 100¥/thagsomeessiesizableavavabandampawhe @bsothgalibyg calobund 6000

I d h lifeti f at | t .10,.000 h . i t f
home tel evisi on  SHBPPRSR: HieS 2AE UEreRESUITBHNTomS hertngg (EDLRoR T
invention may bergnpl Mg, hBich 6! fiter 280 dUrPbE $éimt FoRPhSygRMMid cati ons,

including color television rear projection systens and various other front
and rear proj ectimaterialstdiosronjaied gelatin (DGEW),fs dersribadyabsyssi bl e

O e gl ot e LS Kl o b toR e SR S i R 1
glngi s! hgg' ?W not Vgﬁﬁegi;&gll?ﬁgtv@ﬂbﬁ lol€outs BROFIPES0OTurRehs hAY *BhiHVe Kat her, |
lifetime of at least 10,000 hours, a requirement for home television
application. The various embodiments of the present invention may
be employed in a variety of projection display applications, including
color television rear projection systems and various other front and
rear projection systems.
[0054] In view of the many possible embodiments to which the principles of
our invention may be applied, it should be recognized that the detailed
embodiments are illustrative only and should not be taken as limiting
the scope of our invention. Rather, 1 claim as my invention all such
embodiments as may come within the scope and spirit of the following

claims and equivalents thereto.



enbodi nents as may conme within the scope and spirit of the follow ng

claims and equi val ents thereto. WO 03/058339 PCT/US02/ 38634 -16- Cains 1.
A |iquid woystasd3sdi spl ay projection system conprising: aPCTArSS2B3834 ve
liquid crystal display cell with an associated matrix color filters
corresponding to plural primry display colors; a light source that directs
illTumnation light toward the liquid T ?/étal display cell; and a notch
color prefilter positioned between |ight source and the liquid crystal

di splay cell to substantially renove fromthe illumnation |ight at |east
one coior of light other than the pri &@%i splay colors. 2. The projection

systemof claim q. i n”(imé ER’SEQ%%PS)'/?@O%C S@ﬁ%%@gcg%‘pfig nt ot her than the

primary display col ors correspo wave |5 . of between 575
nanoneters and 58@ransnmisaive liguidTrysthkedipplay eetlivdih aly associatedahatrix dolom whi ch

the at |least one color of light other thap th rimary display colors
cor r espondsfilteds RUesBAREIRS tePlyralprimapy dl§8[;\¥é‘(92°'%95 nanonet ers and 505

nanoneters. 4. T ' [ Lk Al ' hch 1k h col or
prefilter subst%ﬁgﬁg éﬁgééﬁ%vcgge%g@% "ﬁ%loﬁ-l ﬁrﬁtit%@taw;{r@f%ﬁcﬁacol ors of
| i ght ot herdispry cellhangri mary di splay colors. 5. The projection system of

Subst T at s for tAGOELgUGE PIIERBOEEPEPS Botweets it Sukies atndee IHECor i mar y
Coror 2o B5819 Ssp ol SFRANM LBl Rl s, e Lo
wavel engt hsoé cbloglaf ligltf othet thzemths tFimanyodiepley €obors. 590 nanoneters. 6. The
Phan the.pri ar y 2l 8P PEGEUTPEStERY FIGIBBh AN MG S 2igeReots CopBhE
light other than the primary display colors corresponds to wavelengths of light
of between 575 nanometers and 590 nanometers.
3. The pfojection system of claim 1 in which the at least one color of
light other than the primary display colors corresponds to wavelengths of light
of between 495 nanometers and 505 nanometers.
4. The projection system of claim 1 in which the notch color prefilter
substantially removes from the illumination light two colors of light other than
the primary display colors.
5. The projection system of claim 4 in which the notch color prefilter
includes two separate optical substrates for the respective two colors of light
other than the primary display colors.
5. The projection system of claim 4 in which one of the two colors of
light other than the primary display colors corresponds to wavelengths of light
of between 575 nanometers and 590 nanometers.
6. The projection system of claim 4 in which one of the two colors of
light other than the primary display colors corresponds to wavelengths of light
of between 495 nanometers and 505 nanometers.
7. The'projection system of claim 4 in which the two colors of light other

than the primary display colors correspond to wavelengths of light of about



of between 495 nanoneters and 505 nanoneters. 7. The projection system of
claim4 in which the two colors of |light other than the primary display
col ors cowpaspsssd t o wavel engt hs of |ight of about WO 03/ PE83%92/38634

PCT/ US02/ 38634 -17 500 nanoneters and about 585 nanoneters. 8. The
projection systemof claim1l in which tt}e. illumnation light from the

| i ght source is incident upon the not(‘:ﬂ color prefilter at an inclined
angle of incidence and in which the notch color prefilter reflects the at

| east one calor of light other than the primary display colors away from
the liquid éPQSJ'taélomQ}faﬁep?'&@a@@W 58@nafm@eg¢r§j ection systemof claim8 in
whi ch the notch ol ' '

1 G nat i on 11 gft TePareer et o e, T YplcARERRratbh it from,,

col ors and ihelightesoure®issiapiieat epopthe abichudmddr meéikef atrart inelined apgletofve t wo

colors of light other thap the primary display colors, each of the two
Separ at e sulitieceanhd Woich 18 il dloheraTiel ralirgte tisr 24 e G 06
separately. T oY [ ; | | ' : ch col or
rort 1 tor ShaghtdeplfhaRE i Misiap colrfaflal ol R TR e, Ty
di spl ay col displayaeely fromthe liquid crystal display cell. 11. The

j ecti t laim.1 in i C he pl ural i mry di splay. colors
prol ection $YS! o) bbb Gkl ) Bl o T SABP bRl O o
claim 1 i nchydedntifinAréiRb@s f&mKESIBRINGESA ligRt AIEESIbRoSIGH: SMertRanA

H
ta ﬂp a tran

liquid crys | splay projection system cohpri sing: smssive liquid
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10. The projection system of claim 1 in which the notch color prefilter
absorbs the at least one color of light other than the primary display colors
away from the liquid crystal display cell.

11. The projection system of claim 1 in which the plural primary display
colors correspond to the colors red, green and blue.

12. The projection system of claim 1 included in a color television rear
projection system.

13. Aliquid crystal display projection system, comprising:

a transmissive liquid crystal display cell with an associated matrix color
filters corresponding to plural primary display colors;

a light source that directs illumination light toward the liquid crystal cell;
and

a color prefilter positioned between light source and the liquid crystal
cell to substantially remove from the illumination light at least one color of light
other than the primary display colors.

14. The projection system of claim 13 in which the color prefilter

substantially removes from the illumination light at least one color of light other
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from the light source is incident upon the color prefilter at an inclined angle of

incidence and in which the color prefilter reflects the at least one color of light

other than the primary display colors away from the liquid crystal cell.

18. The projection system of claim 13 in which the color prefilter
absorbs the at least one color of light other than the primary display colors
away from the liquid crystal cell.

19. The projection system of claim 13 included in a color television
rear projection system.

20. In a liquid crystal display projection system having a transmissive
liquid crystal display cell with an associated matrix color filters corresponding
to plural primary display colors, and a light source that directs illumination light
toward the liquid crystal cell, a method of increasing display brightness,
comprising:

color prefiltering the illumination light as it passes between the light
source and the liquid crystal cell to substantially remove from the illumination
light at least one color of light other than the primary display colors.

21. The method of claim 20 in which the color prefiltering includes

preferentially passing the primary display colors to the liquid crystal cell.
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a light source that directs image illumination light toward the liquid
crystal display cell;

a display screen that receives the image illumination light from the
liquid crystal display cell to render a display image; and

a notch color filter positioned to substantially remove from the image
illumination light at least one color of light other than the primary display
colors.

25. The projection system of claim 24 in which the notch color filter is
positioned between light source and the liquid crystal display cell.

26. The projection system of claim 24 in which the notch color filter is
positioned between the liquid crystal display cell and the display screen.



