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N PRQJIECTI ON DI SPLAY SYSTEM Techni cal Field The present invenyjisofyn mhgat es
to el ect MMDBOgI5eY ect or optical systens and, in particul apeTiRofHLPYI N
shaped aperture stops to inprove col or balance and inmage contrast. 10
Background ‘and Summary of the Inventidn Various arrangenents of optical

-~ layouts are known for projection systemwth reflective liquid crystal

Loodi spl ays. Exanples are described in U S. Patent Nos. 6,309,071 and

6,113,239 and in H gh EOiORSESMPONENT I APERTURE BYdPS! N e Usi ng Col or

Pol ari zation Filters, Mcha HYAIISALAR 0 15 Digest, p. 92-95.
One optical |ayout descri begR®%§Z%b| nnghAgtSE%Byr)t icle enploys

: proprietary polarization filter technology (i.e., Col orSel ectTM pol ari zati on
filter_technol ogy), available from Col orLink, Inc. of Boul der, Col orado,

USA, t achieve a reported contrast of nore than-500:1. However, contrast
. in these known systens is |inmted Jachnwalddelst 20 MacNeille prisns as the

pol ari zation bea:ﬁ_ﬁél i tterts PE(S%G{]% di ffFrcgnt . arr.an emar,gi s, A MacNeille
prism PBS has |i PR ARG e (R RIS PRIgeFIPaM’ £t CBhSYHPESt s, as
descri beda;xe,r i:l];;?%rtiE’QFa?,“tb dHpl indPehadd a @ﬁured%@ls%'iﬁﬁ%% 8Blor bafiHes the

contrast o ective electronic projection displays, and particularly
t hose enphogiimggei apritehstr yst al -on-silicon (LCOS) |ight valves. As 25

descrjbed in the 270 patent, compensation for_the skewray depol arization
requi{rﬁgs an additi onal ag&g@uq@%@ﬁgggﬁ'@a%pﬁh? YRR cost | requires
precision align : | ; | t -atures.
General ly, refl e?:? ?@%@?&%ﬁgé@r@ggf Bg%éa;}??f%tg% a?ﬁ%@?ﬁr{‘ﬁagrﬁﬂ@gpgés have
sever al adystermuith reflectiseliquid prygtalodispiaysi Epanysles iane ldedicriged imll.Spi xel

(N3 of aPajamdibnd 4684w %288 en0d PHER Cotirast LB SPUMRR mze
i mege bri ghtiigsSurd QYR elor Polarization Filters, Michael G. Robinson et al, SID 00

156 Digest, p. 92-95. One optical layout described in the Robinson et al. article
employs proprietary polarization filter technology (i.e., ColorSelect™ polarization
filter technology), available from ColorLink, Inc. of Boulder, Colorado, USA, to
achieve a reported contrast of more than-500:1.

However, contrast in these known systems is limited due to use of

20 MacNeille prisms as the polarization beam splitters (PBSs) in different
arrangements. A MacNeille prism PBS has limited contrast due to skew-ray
depolarization effects, as described in U.S. Patent No, 5,327,270, The
depolarized light reduces the contrast of reflective electronic‘projection displays,
and particutarly those employing liquid crystai-on-silicon (LCOS) light valves. As

25 described in the ‘270 patent, compensation for the skew-ray depolarization
requires an additional quarter-wave plate, which increases cost, requires precision
alignment and restricts the range of operating temperatures.

Generally, reflective liquid crystal on silicon (LCOS) light va.lves have

several advantages for use in projection displays, including small pixel size, high

30 aperture ratio, and fast response. As the numerical aperture (NA) of a system
using reflective light valves is increased to maximize image brightness, however,
contrast decreases. This reduction in contrast is largely due to the interaction

between the non-ideal retardance of the light valves and compound angle



contrast decreases. This reduction in contrast is largely due to the

I nteraction between the non-ideal retardance of the |light valw
conmpound wodlsgeY¥ey03/ 063509 -2 16 JUN 2006 PCTI US03/ 00425 %fﬂﬂ ?on by
the tilted polarizing beansplitters (PBSs) typically used in st ens;

the contrast varying approxi mately wth_the inverse square of the " nunerical
aperture. In addition to reduced contrast, increased NA results in poorer
i mage quality due to increased geonetrlc aberration in the projection |ens.
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col ori&conpeheatex] thian thglse.specified in the SMPTE broadcast standard and restricting
their dynamic range.
Accordingly, the present invention provides high contrast, balanced
color and high throughput in a wide variety of electronic projectors, such as a
muiti-path, reflective liquid crystal-on-silicon (LCOS) projection display system.
20 In one implementation, a reflective liquid crystal-on-silicon projection
system includes an illumination system that generates polychromatic light. A
color separation system, such as a cross-dichroic, is positioned to receive the
polychromatic light and to separate it into primary color components of light that
are directed along separate primary color component light paths. Atleast one
25  color modifying (e.g., balancing) aperture stop is positioned along at least one of
the primary color compdnent light paths to balance relative intensities of the
primary color components of light.
A reflective liquid crystal-on-silicon light vaive is positioned with a
polarizing beam splitter, such as a wire grid polarizing beam splitter, for each of
30  the primary color component light paths to separately impart image information
into each of the primary color components of light. A color combiner receives and



Areflective liquid crystal-on-silicon light valve is positioned wth a

pol ari zing beamsplitter, such as a wire grid polarizing beam spl ilBtfﬁ'N’Z [fﬁor
each of @@ é¢dres3pas mary col or conponent |ight paths to sepapgf,@lsyymnp_arp

i mage information into each of the primary col or conponents of light. A

col or conbiner receives and WO 03 /0 635 0 9 -3 1 6 JUN 2006 PCTNS03/00425
.-conbines the primary col or conponents of light with inparted image
“xd-nformation to provide light representing a polychromatic display inmage. In
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filter at pdositiepedture stop of the illum nation systemor projection |ens,
where a conmmon illum nation %{stem or projection |ens is used for all
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where separate projection lenses are used for each primary, or use of an annular
15 color filter at the aperture stop of the illumination system or projection lens, where
a common illumination system or projection tens is used for all primaries.
Additional description and implementations of the present invention will
be apparent from the detailed description of the preferred embodiment thereof,
which proceeds with reference to the accompanying drawings.
20 Brief Description of the Drawings
Fig. 1 is a diagram of an embodiment of a reflective projection display
system according to the present invention.
Figs. 2A-2F are diagrams illustrating various aiternative shaped
aperture stops according to the present invention.
25 Fig. 3 is a top view of one implementation of an illumination cross-
dichroic.
Fig. 4 is a top view of one implementation of imaging cross-dichroic.
Fig. 5 is a simplified illustration of the operation of a wire grid polarizing
beam splitter. _
30 Fig. 6 is a diagram of a pair of raytracings illustrating optical rays
' passing through relay optics of a projector of the present invention.



dichroic. Fig. 4 is a top view of one inplenmentation of inmaging
cross-dichroic. Fig. 5is asinplified illustration of the opér&iﬂlihbfﬂﬂﬁ)f a
wire gridwehanésing beamsplitter. 30 Fig. 6 is a di agr ampefr @obdbfrs O
raytracings illustrating optical rays passing through relay optics o?
projector of the present invention. WO43/ 063509 -4 1 6 JUN 2006

PCT/ US03/ 00425 Fig. 7 is a sinplified diagramof an electronic (LCD)
projector in conbination with a color selective apodizing aperture stop

according to the Pigesfqgta lpﬁ’pﬁfﬁtebocﬂag@nggfgnieﬁe Bﬁ‘?:'q_ Q%Vg?éct@ﬂnapom zi ng

aperture stop with & circu I niner con I gurati is a front
view of ancembitiatiorowither wmesaten:mvw:atpbdezmg)apéﬁdre stamat@asmngﬁmema%dge
configuration. Fig. 10 is a front view of a stacked apodi zed aperture stop
that may bRrESEERINENtoN- i | | umi nat i on aperture stop p03|t|on 10 Fig. 11 is a
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twi sted neaddécohGPardtionconmbi nation with a color selective apodizing
aperture stop according to the present invention. 15 Fig. 13 is a front view
of an apodi zi ng apeift dr'é astrept WawRian gpodiginghapertute %t@ﬁt\f”é‘%ﬁsroéiﬂ aditiple

tw sted neg s lelﬁ‘Pér eggé%bbﬁg}“%%%” ption of Preferred Enbodi nents Fig. |

is a diagramo a réflective projection display system 10

illustrating an exagphe iofa frontogdewadfi angiaekud rapotirdd apertulesiopehaninaylde
I nventi on. Pro ection display system 10 (sonetines referred to hereln as
proj ect or 4#gd ﬁﬁcﬁm@ié@”ﬂ %aEGFtﬁFe sBmpraienopt i cal paths 12 (only one

shownyg (hat corr gsBoRd i 8 0 FiERRACHRePELITDIe 6Pk i hocaaEgnent s

red, green and blu of "purposes of ohe of the
col or conpapentre stop.

Fig. 12 is a simplified diagram of an electronic (LCD) projector with 80

degree twisted nematic LCDs in combination with a color selective apodizing
aperture stop according to the present invention.
15 Fig. 13 is a front view of an apodizing aperture stop adapted 1o
asymmetric contrasts of multiple twisted nematic LCDs.
Detailed Description of Preferred Embodiments
Fig. 1 is a diagram of an embodiment of a reflective projection display
system 10 illustrating an example of an operating environment for the present
20 invention. Projection display system 10 (sometimes referred to herein as
projector 10) includes three color component optical paths 12 (only one shown)
that correspond to the respective primary color light components red, green and
blue. For purposes of clarity, Fig. 1 shows only one of the color component
optical paths, which is designated color component optical path 12G to
25 correspond to the green primary color component.

It will be appreciated that the red and blue color component optical
paths will be the same as, but in places offset from, green color component
optical path 12G. Elements of projector 10 that are specific to one primary color
light component will be indicated by a corresponding alphabetic suffix {i.e., *R,”

30 "G,"or "B"). Elements of projector 10 that are not specific to one primary color
light component will not include such a suffix. Accordingly, the following

description will be directed to the elements associated with the green color



optical paths, which is designated color conponent optical path 12Gto 25
correspond to the green primary col or conponent. It wll be app?%du&tz@él t hat
the red 3@ O0BPeAS0Tol or conponent optical paths will be th&CTamasae2s but in
pl aces offset from green color conponent optical path 12G El enents of

projector 10 that are specific to one®rinmary color |ight conponent will be
. indicated by a corresponding al phabetic suffix (i.e., "R " 30 "G" or "B").
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i 15 U.S. Patent No. 6,122,103. As implemented with wire grid polarizer 52G, PBS

48G may be referred to as a wire grid PBS 48G.

After being modulated by L COS light valve 50G, the modulated green

color component is reflected by LCOS light valve 50G back to wire grid polarizer

52G, which reflects the modulated green color component to an imaging cross-
20 dichroic 54. Imaging cross-dichroic 54 is identical to illumination cross-dichroic 26

and functions to combine the red, green, and biue modulated color components

and pass them to a projection lens assembly 66, which projects fhe full-color

display image onto a display screen (not shown). Projector 10 may be operated

in either a front projection format or a rear projection format.
25 In operation, light from illumination system 14 passes through integrator

22, which creates a uniform intensity illumination distribution at an integrator exit

window 80. lllumination cross-dichroic 26 splits the illumination light into three

colors (red, green, and blue), which are directed io three separate LCOS light

valves (only LCOS light valve 50G shown) by three identical sets of relay optics
30 (only relay optics 40G shown) and three identical fold mirrors 38R, 38G, and 38B

(Fig. 3). Relay optics 24 and color component relay optics (only 40G shown)



and pass themto a projection lens assenbly 56, which projects the

full-color display inmage onto a display screen (not shown). Pidj8dieb 10

may be opewets@essom either a front projection format or a r%Tfﬁﬁd%{o@Hsi on
es

format. 25 In operation, light fromillumnation system 14 pass hriough
integrator 22, which creates a uniforgintensity illumnation distribution
at an integrator exit wndow 60. Illumnation cross-dichroic 26 splits the

illumnation light into three colors (red, green, and blue), which are

shown) by freate TaBeB Y MegiErsi Wihaoh et fas BRh¥aly el BiFa dfrih 2o
shown) andL(jﬂsqlghﬂmt,épal fold mrrors 38R, 38G and 38B (Fig. 3). Relay

optics 24 and color conponent relay optics (only 40G shown) WO 03/ 063, 509 -6
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the nunerical aperture (NA) that primary. The nunerical aperture nmay be
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It wll be appreciated that sone projection systens that have a conmon
i || uni nat | SPsHEydn esehruhers separpienhprajection knges @re disegh for eash primpary.
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15p described below in greater detail.

This reduction in numerical aperture increases the contrast and image
quality of that primary. Particularly in systems requiring attenuation of green light,
such as those using high-pressure mercury lamps, the higher contrast and image
quality in one primary signiﬁcantiy increases the visual perception of overall

20  contrast and image quality.

Figs. 2A-2F are diagrams illustrating various alternative shaped color
balancing aperture stops 120A-120E according to the present invention that may
be used as color balancing aperture stop 42G and any other color balancing
aperture stop in projection system 10. (Aperture stops 120A-120E are sometimes

25 referred to collectively as aperture stops 120.) Exemplary dimensions are
indicated for shaped aperture stops 120 for purposes of illustrating exemplary
proportional dimensions. |t will be appreciated that the shaped aperture stops
120 could be formed with dimensions other than those indicated. As a basis for
describing shaped aperture stéps 120, a conventional aperture stop 126 is

30 tilustrated with an opaque face 128 and an exemplary circular aperture 130 with

an exemplary diameter of 62.5 mm.



20 contrast and inmage quality. Figs. 2A-2F are diagrans illustrating various
al ternative shaped color balancing aperture stops 120A- 120E acggrignnaget o
the presemboBoympdi on that may be used as col or bal anci ngpapgishsiiR2st op 42G
and any other color balancing aperture stop in projection system 10.
(Aperture stops 120A-1 20E are soneti.ipes 25 referred to collectively as
““aperture stops 120.) Exenplary dinensions are indicated for shaped aperture

. stops 120 for purposes of illustrating exenplary proportional dimensions.
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. illustrated with an gue face 128 and an exenplary circul ar aperture 130
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aperture stop 1208haped @pestuse styagReCliacdedé226 opabue favel 122C rangpedmall
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alternative cruciform aperture 124D. Cruciform aperture 124D includes small

15  opposed circular segments 132D positioned between a pair of straight-cropped
sides 134D and transverse extensions 136D. Shaped aperture stop 120E
includes an opaqgue face 122D and a small circular aperture 124E.
Table 1 lists optical throughput for each of shaped aperture stops 120,
both in measured lumens and as a percentage of the throughput of conventional

20  aperture stop 126 for a given light source (e.g., a 20mm image at F/2.2).

Table 1
Lumens |% through
Standard 3100 100%
Eltiptical (120A) 3060 99%
Big cropped (120B) 2950 95%
Small cropped (120C) 2500 81%
Cross (120D) 2330 75%
Small Circle (120E) 920 30%

Table 1 iliustrates the range of throughput variations that can be achieved with
25  the various alternative shaped aperture stops 120. In addition, shaped aperture

stops 120A-120D have elongated aspect ratios that to varying degrees

preferentially block light at the extreme corners of the light bundle. Light atthese
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hi gh- pressure nercur ype), Imted intensity In gred.
To obtai n eomteastr ed col or tenperature (color coordinates for the white
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wi th an F-source 18 a high-pressure mercury lamp (UHP type), which has limited intensity in

red. To obtain a desired color temperature (color coordinates for the white

screen), the amount of green light is reduced by about 35%. With aperture stop

42R having a base F-number of 2.8, aperture stop 42G may be formed with an F-

15 number of 3.5 to effect a 35% reduction in green light that will significantly

increase the overall contrast of the panel. Hence, stop 42G functions to improve

the contrast and image quality of projector 10 while preserving image or display

brightness.

Some conventional color light-valve projection display systems use high

20  intensity discharge (HID) light sources that produce a discontinuous spectrum and
are relatively deficient in one or two primary colors. These systems require at
least one of the primaries, typically green, to be attenuated to obtain an
acceptable spectral balance or “white point.” Typically, attenuation of such a
primary color component is achieved by limiting that primary to a relatively narrow

25 bandwidth to obtain a satisfactory color gamut.

For example, a rear-projection television system may use a high
pressure mercury discharge lamp referred to as the “Ultra-High Performance”
(UHP) lamp, available from Philips Electronics. The UHP lamp is relatively
deficient in red and requires considerable attenuation of green and blue light to

30  achieve an acceptable white point. This is typically done by modifying the color
separation filters to reduce the spectral width of the green and blue primaries,
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coatings 164 and 166 positioned between inclined faces of a set of prisns

. 168. Fi geomespanding posiioping of identigalaiptical elegnentsHeceadBRf thsthreanslorss

- adj aqent components symmetrically about a projector centerline 172 (Fig. 1). It will be
appreciated that a cold mirror could be inserted between elements of relay optics
24 to remove excess heat from projection system 10, Also, one or more
additional folds can be arranged between the elements of relay optics 40 to
provide alternative or better packaging.

20 lflumination and imaging cross-dichroics 26 and 54 are substantially
identical. In one implementation cross-dichroics 26 and 54 are of an SPS-type in
which dichroic coatings 142, 144, 164, and 166 reflect S-polarized light and
transmit P-polarized light of selected colors. For example, coatings 142 and 164
may reflect S-polarized red light, and coatings 144 and 166 may reflect S-

25  polarized blue light, all transmitting P-polarized green light.

Cross-dichroics 26 and 54 each include three half-wave plates, one for
each color component (not shown), as is known in the art, to correlate the
polarization of light through cross-dichroics 26 and 54 with the polarizations for
PBSs 48R, 48G, and 48B. S- and P-polarizations are conventional nomenclature

30 referring to a pair of orthogonal linear polarization states in which, with regard to a
polarization selective dielectric film, S-polarized light can be said to "glance" off
the film and P-polarized light can be said to "pierce" the film.
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Addi ti onal exaimplecdrreeoperation offBB8s 48R tadsigBweuld bg-gratsgows) but weodified

cor et on for ThecslRaa HopEaien SReHOpH R AL an PlupguRcomionatis, o
I Tum nation path and,fa88H JeehaiARINAtBA light passes through a wire grid polarizer
52G, which is oriented to pass light with the P-polarization state of the green color
component. The light sirikes LCOS light valve 50G and is modulated according to
a green color component display image and reflected as S-polarized modulated
20  light back toward wire grid polarizer 52G. An clean-up polarizer 176G is
positioned at an entrance face 174G of cross-dichroic 54 and can be a low-cost,
off-the-shelf film polarizer. Measured system contrast of the optical arrangement
of Fig. 5 exceeds 3200:1. This system contrast was measured with a front-
surface mirror and quarter-wave plate combination substituted for LCOS light
25 valve 50G to separate contrast of the optical arrangement from the contrast of the
LCOS light valve 50G itself.
This optical arrangement of Fig. 5 does not suffer from skew-ray
depolarization (so that no compensating quarter-wave plate is required), has a
very high polarization extinguish ratio, works within a large temperature range,
30 and can withstand a high light intensity. Wire grid polarizer 52G can be made on
a flat glass substrate and can be used in the reflection mode in the imaging
optical path as shown in Fig. 1, for example. The flatness of PBS 48G does not
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Fig. 6 is a diagram of a pair of raytracings 180 and 182 illustrating
optical rays passing through relay optics 24 and 40. Raytracing 180 corresponds
to projection system 10 as viewed in Fig. 1. Raytracing 182 corresponds to
projection system 10 as viewed from a direction 184 (Fig. 1). Raytracings 180
20 and 182 illustrate three regions in which relay optics 24 and 40 of projection
system 10 are formed to provide telecentricity, thereby providing no color shift,
uniform distribution at the white and at the dark screen across the image. As a
result, projection system 10, and in particular relay optics 24 and 40, may be said
fo be triply telecentric.
- 25 In particular, relay optics 24 (i.e., the “target space”) are formed to be
telecentric to utilize and maintain brightness uniformity across the field of view.
Light pipe integrator 22 provides the same angular distribution of brightness from
point to point across integrator exit window 60. To provide uniform illumination
across the screen the collection efficiency across pipe exit window 60 should be
30 the same. To utilize this illumination uniformity, relay optics 24 are formed to

have an entrance pupil at infinity (i.e., a telecentric entrance pupil).



the telecentric space of the system To obtain uniformdistribution of the
light on the white screen, the telecentricity should be provi def Jupzghe
space of Wwoeguaser 10 exit w ndow 60. Accordingly, relay opicrfgsedfoasd 40
shoul d be telecentric in three spaces: as to integrator exit w ndow 60, as
to illumnnation cross-dichroic 26 and 4as to imging cross-dichroic 54. Wth
no active optical conponents positioned between them i nmaging
cross-dichroic 54 and each wire grid PBS 48 also work in the telecentric

space, which al so ts dnhﬁ%
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is but one exampie of an electronic projection display system that can employ
color balancing aperture stops in accordance with the present invention.
Fig. 7 is a simplified diagram of an electronic (LCD) projector 200 in
combination with a color selective, color balancing aperture stop é02 according to
20 the present invention. Electronic projector 200 receives polychromatic light 204
via color selective, color balancing aperture stop 202.
Electronic projector 200 includes a pair of color selective mirrors 204
and 206 that separate the polychromatic light 204 into color components (e.g.,
red, green, and blue) that are directed through respective transmissive
25 LCD/polarizer stacks 208R, 208G, and 208B, which impart image display
information into the light, A conventional X-cube 210 combines the color
components with image display information and directs the combined light to a
projection lens 212,
Figs. 8 and 9 are front views of respective exemplary color selective,
30  color balancing aperture stops 220 and 222 that may be used as aperture stop
202.



and 40 is provided with an identical angular structure for all points of
field of view Such an identical angular structure is another K &
referringyd @3/d@kecentricity. Finally, in the inmge space oi;crrgjs\sgmglp_
and light valve 50 telecentricity provides uniformcontrast across t
field of view. In other words, all .1 points of light valves 50 are in the
- same conditions wth respect to incomng |ight and, assum ng good reflection

il 410G
he

£ -surface inside the LCOS device, with respect to the outgoing light as well.
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_stop. A cTheedranddtloedight components have an aperture defined by inner edge 226,
(S 15 and the green component has an aperture defined by optical aperture 230. As a
result, apadizing aperture stops 220 improves the color balance by selectively

reducing the green component relative to the red and blue components.

With reference to Fig. 9, aperture stop 222 can provide greater
improvement in image contrast if reduction of aberration effects can be less than

20 optimal. Aperture stop 222 includes an opaque outer annulus 234 with an inner
edge 236 having, for example, a circular shape. Light striking outer annulus 234
is blocked in the conventicnal manner of an aperture stop. A colored filter
annuijus 238 is positioned inside inner edge 236 and transmits one or two
selected color bands corresponding to the primary color component directed

- 25 through the stop (e.g., magenta). Aperture 239 can have other shapes, such as
those shown in Fig. 2.

A central rounded cruciform optical aperture 239 allows light to pass
without filtering and may be a physical aperture or a transparent substrate. For
example, rounded cruciform optical aperture 239 and the color selective stop or

30 color filter annulus 238 can be oriented to eliminate rays which would otherwise
be incident at large compound angles, while passing rays at equal non-compound
angles. With the different transmissivities of colored filter annulus 238 and



annul us 228 is positioned inside inner edge 226 and transmts one or two 5
sel ected col or bands. A central circular optical aperture 230 all Bl 28061

col ors of woOwghe3sto pass without filtering and nay be a physicaaisoapensure or
a transparent substrate. Wth the different transm ssivities of circular
colored filter annulus 228 and circut g4 -optical aperture 230 aperture stop
220 may be referred to as an apodi zing aperture stop 220. 10 In one
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display system, whether or not the optical position conventionally would have an
aperture stop. For example, either of apodized aperture stops 220 and 222 may
be positioned at a position 62 (Fig. 1) in the relay optics 24 of projection system
10 (Fig. 1) as a substitute for aperture stop 42G.

20 In the alternative aperture position 62 (Fig. 1), with the color
compdnents of the illumination light are not yet separated, apodized aperture
stops 200 and 202 may include a color filter element for preferentially blocking
one color component (e.g., green) while the other color components are passed
(e.g., red and blue, or magenta). In yet other embodiments, apodized aperture

25 stops 200 and 222 may include stacked color filter elements for preferentially
biocking two color components (e.g., green and blue) by different amounts
relative to the remaining color component {e.g., red). -

Fig. 10 is a front view of a stacked apodized aperture stop 240 that may
be used at an aperture stop position 62, for example, to preferentially block two

30 color components (e.g., green and to a lesser degree blue) by different amounis
relative to the remaining color component (e.g., red). Stacked aperture stop 240
includes a large diameter red filter annulus 242 that preferentially passes red



apodi zing aperture stop. Aperture stops 220 and 222 function to limt,
restrict, or otherwise shape the light cone (i.e., cone of il l{grjmationg

| ight) towoopiessessystem contrast. 5 Accordingly, the i nprevackesonizkast
provi ded by aperture stops 220 and 222 is in contradistinction to reduced
contrast in conventional systens provi8led by relatively increased nunerical

sr.apertures. In one inplenentation, aperture stop 220 may be applied to narrow

“ the intensity and angul ar extent of the green light relative to the red and
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col or f:NL aeadae@ir@%rtur@rstlpp%@rmkﬂ@llteynailv@;)k aéormﬁé\mtb!r@d tﬁnﬁnmrglusw g.,
Trgent ay 217 ARt A nisisdtio TP €45 Biefliia BRL Bk pbRuBr eBFE SBEnERE 205

may iqgel Ué@véﬁe%?li??e@ flteF ahhbibgr242l areiditid®rit RilFhe apprédbiay thak %Erﬂ]ﬁb two
col or conponents { green and blue) by different anounts relative to

the renmai atom2éela@ul firtharaneiude ag. opaGuY outarganmdus gt shown) of icedjapietar

poc (1 on B =BEndf Hidérta R8P pARd 4 £ Yt L BllpBmeBReBREM lfisBnen

(e.qg., gre@jn Aadblbeked begﬁwutg,egﬂgﬁt blue) by different anbunts relative to
t he remai ni ng col or conponent % red). Stacked aperture stop 240
¢g-

~includes a | arge Qs@nsteer @éﬂfﬂpiq, 'hhtﬁﬂ fronbyizw phengther of eésthgked passes

. red 165 JUN pgg%a&%%r% %38 $50° Anlfjg?)% 08448 252 has a generally circular

aperture 254 within which an annular magenta (i.e., red and blue) filter 256 is

positioned. Annular magenta filter 256 includes an inner aperture 258 that has no

color filtering. In this illustration, clear inner aperture 258 has an elliptical shape.

Color selective apodizing aperture stop 250 functions to reduce the proportion of
20 green light relative to the red and blue light.

Apodized aperture stops 200, 202, and 240, and 250 may be
considered embodiments of shaped aperture stops that are shaped or sized
relative to each other so as to adjust the balance of color components in a
projection display system, such as projection system 10 or projection system 200.

25 It will be appreciated, however, the apodizing of aperture stops 200, 202, and
240, and 250 with annular color filters are one manner of adjusting color
component balance. Shaped aperture stops according to the present invention
may alternatively be formed without the apodizing color filters of aperture stops
200, 202, and 240, and 250. In addition, it will be appreciated that apodizing color

30 filters of aperture stops 200, 202, and 240, and 250 may be of different shapes,
including having outer edges that are not circular.



-15 light, an internedi ate magenta filter annulus 244 that preferentially
passes red and blue light, and a central optical aperture 246 afy h%oms
light to pagsoidgskieut filtering. Central optical aperture 24 L@ (ﬁ

physi cal aperture or a transparent substrate and may be C|rc ar, as sh

or any ot her shape as described herein.4m_It wll be appreciated t hat

st acked apodi zed aperture stop 240 nmay Le formed in a wide variety of color
filter arrangenments according to the color conponents to be proportionally

duced ' : . . t acked d. t Q | d
Al tornat i vel y bo 1 droh2is B TBEE B o AL R RSSO & P AR G
filter 244 @%ﬁﬂﬂa‘tr@ﬁ Wwiteh ddi6r sulaetiv, do%l* 41zt rdﬁ%r@%ﬁcé?‘%ﬂ&\‘dlh gdo

filter annulus 242. In addition, it will be appré&ci ated aperture “stop
240 coul d fthetpresenhivivedtioan Eb@@tmcqnnmectcarﬁﬁﬂ receives pelryobm)maﬁc Hohti 20¢et er

t th ta filt | 244 t hat al | t
Photudi ng  edoar stepiya. S Shbal Snd eipeEive Hop B2 o REsSBEING: €00k 9. 11
is a frgnt ydiancel @é@iﬁ}érst&iﬁlﬂﬁi&%% inlgeakadieag .ﬁrﬁ tyge stop 250. An

opaque face 252 has a genera circular ‘aperture 254 W thin which an
annul ar nmagenta (i Eler,troent mnﬂbcmmomdlmcms a%&in of cglos selectied minonsL66

(TP toring. 40 2RRdnaf Sedirels flk bOREhLhatc IR 7% 1ntp SoomBongebicyt i can
shape. Coly, @r?ta\r\tﬁb Hhatti 418 ARAEY HSrobigA gggecﬂwﬁhhgﬁﬁsén%reduce the

proportion of green li t relative to the're bl ue I'ight. Apodized
aperture stb’b@/;ﬁﬂ)&nz@(ﬂach&ﬂ?ﬁﬁ(ﬁ?@ﬁ:‘d arsl2 My, Wblcl'x:tmpartlimagleeiwstmm ment s of

h d t t t h d t h,oth
o na; a8 B B idthr A BRBGRaliing pSlbe Zgr et Binie PR Oyt am
such as prQjfbbAENEUEIE A eQi'ispﬂé?llrﬁéhhﬁﬁoﬁ?éﬁbetm&qgth@%ponM‘étﬁ h%ﬁﬁoa

appreci ated, however, the apodi zing of aperture stops 200,
and 250 wi tpro;ﬂnmlndens@?dr filters are one manner of adj ustl ng col or

conponent bal ance. ur.e S or di t he, presen ention
may alternatively @ﬁ%&f E%(ﬁlg 3‘2@ H?]é’&? quéﬁ){%sfge LV erture
stops 200,dexftée t@ﬁﬁea%méﬂﬂé@% 276R PSS! Qﬁd Z%H“Wﬁlcﬁ%h%%téﬁéﬁéaﬂ% t hat
apodi zi ng color 30 filters of aperture stops 0, 202, 0, and 2 may
be of dbff drame asyrapwiric contrasisi atg:hﬁaxarﬁgnemrngrarmiges Ashatkl'mrm incthedirt, cul ar .
WO 03/ 063509
such asymmetric contrasts are commonly represented in a polar contrast plot or
graph. In this implementation, display conirast can be increased by blocking
angular components 278R, 278G, and 278B from the respective red, green, and
blue color components of light.
20 It will be appreciated that the angular components 278R, 278G, and
278B are positioned throughout the respective color component light bundles.
Blocking angular components 278R, 278G, and 278B provides increased contrast
because the corresponding LCD has poorer performance for that angle space.
The same direction respective to each of LCDs 276R, 276G, and 276B is
25  blocked, assuming that all devices are made with same liquid crystal, rubbing
angles, etc. Due to the nature of the optical layout, 278R does not appear to
come from the same corner as 278G and hence the unusual color-selective
aperturing used to restrict these different colored bundles so as to limit contrast-
reducing light appropriately for each color channel. Aperture stop 262 blocks
30 regions that correspond to angular components 278R, 278G, and 278B at

respective LCDs 276R, 276G, and 276B.



-16 16 JUN 1006 PCT/US03/00425 Fig. 12 is a sinplified diagramof an

el ectronic (LCD) projector 260 in conbination with a color sel ¢gtjiweggecol or
bal anci ngWape¥asas0e st op 262 according to the present invemdmmsoslshest ronic
proj ector 260 receives polychromatic |ight 264 via color selective, color
bal anci ng aperture stop 262. Col or sefigetive, color 5 balancing aperture

. stop 262 is shown in greater detail in Fig. 13. Electronic projector 260

“.includes a pair of color selective mrrors 266 and 268 that separate the

pol ychromati c | i ghip|6sblbitive, €8l hataHEMg ARERUFE DD 262 HbluESLEbyaptdidY ue)
that are directed through respective transm ssive LCD polarizer “stacks

270R, 270Gelentitedles 250K, @magpaia colangeledtivp fiigr A80Mnaodrmyellow icolos t he
-light. A caonventignal, Xscube.272, combines, the colpr ¢ onents W t h,jgage
i pl ay | RERCINEITOAT 280 YR RIg Y foRdaBm Aaifef nah cr el BRRascietin 24de
274. LCD prsaks ﬁ?ﬁt 6t QFE@IO?&.OB&aﬁm@r 2808 faneffon® y%kr@ap@ﬁt,IMQPQﬂa degree
-twi sted nematic LCDs 276R, 276 and 276B, which characteristically 15 have

asymmeh r i filtenaBebisfunctionsita blackigreen dghh@nariglies: filker 280 fevwtians tordoek t |

o qr apn U ARSI R Mthrd 2o 23R, Sthd DefvER e Bl L,
bl ocki ng cah@dhahd &6 1S BRGURIr £6RTPon2ABR78RI 22868 shtz7 8B ¢FigeIReC Uokst T ed,
green, and bl ue color conponents of Il%ht._ 20 It will be appreciated that

t he angul selestinpoerint balzremg apatiresiap B aglepterd o the seymmetdagiotan t he

2730, and COPBSI TGS 40 10 Sbher o to Pudfdt Al BRI o BRI o LoD
has pper elel@@rdric g?d&é@toerBO'E hat angl e space. The sane direction respective
to each of LCDs 27/6R, 276G and 2766 is 25 bl ocked, assum ng that all

devi ces are nade Htan sliigrpativeimplegigriation, proigatiog systgmet) maybe frened t he

Corner as "WErRsitRal B BHEmg et P Be Bl By bReuf b ietbbceaTo-
restrict tierratiiesiten@rd gA@IFBSsI4BRN4BES ahd 488 Pldwelidr, SOEH Eaaventic@@ici ng
lately for éach color channel. Aperture stop 262 bl ocks 30

- Ir :agihgngplto ﬁ?gsrs: oan bspesnedallysensitie tooaipmeayss thetgrdugeggnteast intressygtem
15 due to geometrical rotation of the polarizing axis (i.e., depolarization). In such an
implementation, aperture stop 82 can reduce such skew rays by narrowing the
illumination in one axis, or in two axes by clipping out the corners of a normally
circular pupil.
As another implementation, the illumination light cone can be narrowed
20 in one axis by employing a light pipe integrator 22 that is tapered in the one axis.
For exampie, in a high definition TV (HDTV) implementation providing images
with a rectangular 16:9 aspect ratio, a one-axis tapered light pipe integrator 22
could have a square entrance face to advantageously gather the light from an
elliptical reflector. To provide an exit face with an appropriate 16:9 aspect ratio,
© 25  the one-axis tapered light pipe integrator 22 would function to 'squeeze' the light
bundie into a smaller angle. This could allow, for example, an F/2.5 vertical
extent with an F/4.0 horizontal extent, .
[n view of the many possible embodiments to which the principles of our
invention may be applied, it should be recognized that the detailed embodiments
30 are illustrative only and should not be taken as limiting the scope of our invention.
Rather, we claim as our invention all such embodiments as may come within the

scope and spirit of the following claims and equivalents thereto.



respective LCDs 276R, 276G, and 276B. WD 031063509 -17 16 JUN 2006

PCT/ US03/ 00425 Col or sel ective, color balancing aperture stop 2624ig n‘ng
cyan color selective filter 280C, a magenta col or selective filter

and a yellow color selective filter 280Y positioned in adjacent corners.
open aperture region 282 passes |ight ng all colors. Cyan filter 280C
functions to block red |ight, magenta filter 280M functions to bl ock green
light, and yellow filter 280Y functions to block blue |ight. The corners in
whi ch fil twhs i288med280M and 280Y are positioned correspond to the angular
conponents 278R, 278G and 278B (Fig. 12). Color selective, color bal ancing
aperture stop 262 is adapted to the asymmetric polar contrasts of LCDs
276R, 276 an rﬁ%ﬁg ontrast to 10 electronic

proj ect orq%260 %A%Z%Erog pgéjgégiog\?sgktgﬁ i ion, projection system 10 nmay be
formed wth canwlhumlnartmlsyﬁmmagenmmgg;b:éﬁmr@piuctli@ts that enploy prism
structures as ernatives to W r, 48R and. 48B. wever,
such convent | ofaPo PEGESR RviEn PorERIF Pecn e e st G Fapdhe t ha
reduce COﬁIllﬁrﬂﬁlhtlédky%tléﬂ! M35 S¢Pafdve dl@(poly@ht@ﬂﬁf!?h%htqﬁ‘tb pridfaay tewer of the

pol ari zing axis (i depol ari zation). In suc i npl ement ati on, aperture

stop 82 céﬂmpé’éﬂ@ésé) é\gbhthékvés\/deg,d 43911&15&?%%94@%@0105 q:qnanﬁnﬁatth&bhmths,one
axis, or in twe,axes, ﬁféd'cefa!r%dﬂyﬁgtapﬁt&.@gte sﬂ ond En%gﬁk& ¥r mGtelggu! ar

pupil As anot her 1 nplenmentation um n e can be
narrowed tROseparatsrpeingaty soibycamprineyti lipht paths, ghlt:asppp@oﬁ the egpamodlfﬂﬁgt hat is

| ot emont derae APy Fbg oo QB aTRoR b PelicielRr ey phick sRlpd ot BRI,

one- axi s tpApRiechblbd @hipopeme of gt eslatverio in’otheﬁwlrrdlr)hwer @nspwamte)faghtrtance face
to advant ageousl%a gat her the |ight froman _ welliptical reflector. To provide
an exit f Vi bdhengp betwsen preilighbcomppogenis@dt ratio, 25 the one-axis tapered

light pipe intege gl Qbredded Y@H&%M&&%ﬁﬂm W GRA& irkdle ihfolPitiondHad! € i nto

a smaller angle. This coul for exa ah F/ 2.5 vertical extent
with an FleactOofttbe primatyaiolexomponentspfiligh of the many possi bl e enbodi nents to
whi ch the principles of our

2, The system of claim 1 in which the two or more color modifying aperture stops
are positioned along two or more of the separate primary color component light paths,

and at least one of the color modifying aperture stops is shaped differently from another.

3. The system of claim 1 further including first and second sets of relay optics that

establish three telecentric regions in the system.

4. An electronic projection system, comprising:

an illumination system generating polychromatic light;

a color separation system positioned to receive the polychromatic light from the
illumination system and to separate the polychromatic light into primary color
components of light that are directed along separate primary color component light paths;

at least one color modifying aperture stop to selectively block at least one of the
primary color components of light relative to another primary color component of light to

provide balance between the light components, the at least one aperture stop including an



invention may be applied, it should be recognized that the detailed

enbodi ments 30 are illustrative only and should not be taken as higmni 0@
the scope of our invention. Rather, we claimas our invention all such
enbodi nents as may conme within the scope and spirit of the foll ow ng clains
and equi val ents thereto. 16 JUN 2006 1§9What is clained is: |I. An electronic
projection system conprising: an illumnation system generating

pol ychromatic light; a color separation system positioned to receive the

pol ychr omedho@iztrigdpbridre QBptWith anl Uit Babi @fr SYSEPORENE 1d Be SERAL 3hE t he

pol ychromatic light into prinar¥ color conmponents of light that are

di rected aPrénYYselenFerRONSPY ofdiehi:@8d or conponent |ight paths; two or nore
fixed color modi¥i ih-ABELIHIEsH 0RIeAR! ilpdRCH HpBRIbYMO IR Ping] L NE
separate primary col or conponen Ilg%t pat hs, at l'east dne of “the col or
modi f yi ng eaapef the pematiopdotxempgnenityefdight.f f erent |y from another, to

sel ectively block at | east one of the primary col or conponents of |ight
relative to another primary col or conponent of light to provide bal ance
between thg |i dite soasip@fienis 4 iAMhicdinRe spodivgEapeheetstapincluliésghdircuBk ves t hat

i nparts or inPart i age information into each of the primary col or
conponent sBRIf YA IS The system of claim 1 in which the two or nore col or
nodi fyi ng aperture stops are positioned along two or nore of the separate
primary col or conponent |ight paths, and at |east one of the color

modi fyi ng @&per tThesysewps clagn $Hinparhdhe stdeasheneappdigmeapertire stopdncliges asy st em

of clain1ll,aﬁﬁg%& me&ﬂ&”ﬂ%rfirst and second sets of relay optics that
establ i sh fhree telecentric regions in the system 4. An electronic

proj ection system conprising: an illum nation system generating
pol ychro ic |i hti a color se aratign.s stempositioned to rec ig$athe
pol ychr omafii ¢ 1P GRECFIOHE PHASCHON BYHST ARYinnar UOA Gy gn SERARtES 180k e

pol ychr omegitl plutABtimaRf @16 dofpoMer R impeRRRRAEINSrRing! | ght that are
directed al ong separat'e primary color conponent |ight paths; at |east one
col or nodi fyi ng® @hermeeifying apgritis st thatreduses thp indensity of ptdgast ophelf the t he

rimary co Laht. .t i - i
Eonpongnt %@ﬁTﬁgﬁﬁpgﬁﬂﬁﬁ?g%fﬂggﬁéPgﬁ%gﬁﬁéﬁﬁigﬁa?ﬂénﬁ@8£?k§§#%% eﬁ%é% t he at
| east one apsotizing aptroye iswplandinvduding dh dpediubl ti0 @6elongated in one direction.

8. The system of clatm 7 in which the color modifying aperture stop includes an

elliptical aperture.

9. The system of claim 7 in which the color modifying aperture stop includes a

cropped circular aperture.

10.  The system of claim 7 in which the color modifying aperture stop includes a

cruciform aperture.

11.  The system of claim 7 in which the apodizing aperture stop includes an annular
color filter that preferentially reduces the intensity of at least one primary color

component.



19 apodi zi ng aperture stop wth an annular color filter corresponding to the

at least one primary color conponent of light; and one or nore ele troqhg
light valves that inparts or inpart inage information into each ot btJHH
primary col or conponents of light. 5. The systemof claim4 in which the
apodi zing aperture stop includes a cir Hlar annul ar color filter. 6. The
systemof claim4 in which the at | east™"one apodi zing aperture stop includes
a cruciformannular color filter. 7. In an electronic projection system

having an ij | umpakiem HEHiAM denfdahb %diii%ﬁpeﬂ“&éﬁo@ﬂn@fuﬁ&s & dpaRié col or
conponents, the inprovenent conprising: a color nodifying aperture stop that
reduces t hthafigelongatedingineglirettéast one of the prinmary col or conmponents
relative to the others, the col or nodifying aperture stop being an

apodi zing aperture stop and including an aperture that is elongated in one
di rection. 1B8. The syysmafctfimd iaiwhich dlhthehpticlaryt dedorcomponemdart diregediper t ur e

st op inclugﬁf el ljptical aperture. 9. The systemof claim?7 in which the
col or nodi ‘ﬁ§%5ﬁ§?93r55§FﬁweFH@iudes a cropped circular aperture. 10. The
systemof claim7 in which the color nodifying aperture stop includes a

cruciformaperture. 11. The systemof claim7 in which the apodi zing
aperture stbp i Hawses ofslammunarhichegirery £plof epmpangnts greediesciedialangl v reduces

the 1t ens bl ol S @ I TNy EmurE QIR ar Grefh 2000 20 12

The system Ich the ap ng aperture stop 1 ncludes an

aperture fihat is elongated in one direction. 13. The systemof claim7 in
which all the primary col or conponents are directed through the apodi zi ng
aperture stop. 14. The systemof claim7 in which primary col or conponents

are directesl al QREntr&ePEFratEnaPiethal fHal Rfeand lighiad epkaioniiohyi ng aperture
stop includes an annular color fjlter. 15. A contrast |inprovenent nethod

for a ref| BRfCHN $sk Hacipgludes andHurgijnptiQipsystem generating polychromatic light,

comprising:

color separating the polychromatic light from the illumination system into
primary color components of light that are directed along separate primary color
component light paths;

aperture stopping at least one of the primary color components of light relative to
another, including aperture stopping by different amounts two or more color components
of light with a common apedizing aperture stop, to balance relative intensities of the
primary color components of light; and

directing the primary color components of light to one or more light valves to

impart image information into each of the primary color components of light.

16. A reflective liquid crystal-on-silicon projection system, comprising:

an illumination system generating polychromatic light;

a color separation system positioned to receive the polychromatic light from the
illumination system and to separate the polychromatic light into primary color
components of light that are directed along separate primary color component light paths;

first and second sets of relay optics that establish three telecentric regions in the

system;



projection systemthat includes an illum nation system generating 6

pol ychromatic light, conprising: color separating the polychromati (! IJLB'hZLHBB
fromthe illum nation systeminto primary color conponents of |ight that
are directed along separate primary color conponent |ight paths; aperture
stopping at | east one of the primary c Hor conponents of light relative to
anot her, including aperture stopping by different anounts two or nore color
conponents of light with a comon apodi zi ng aperture stop, to bal ance

rel ative intensjida@Son@fapériife stp ipBRlidncdA Ry of RANAAEBE the PrinladrPBlior and
directing the primary col or conponents of light to one or nore |ight valves
to i npar tcamppgentilighopatist tp balanes sladize intepbitichef the primesy edoroompongibheint s of

| i ght. 16.“@” eflective liquid crystal-on-silicon projection system
conprising:® "an illum nation system generating polychromatic light; a color
separ ati on systantlposi fiqoleaddysta-onestligou éighthrelyeglogtionedaith @ polagihingfoeam t he

illumnation systema to. separate the Jychromatic light into primry
color co 6‘”‘%%?’56%}1 OE%W‘W%QWI%‘?W(’P%@?@# AT Sg%aﬁ%{Flgt‘@pﬁrﬁ“P@&y col or
conmponent  inf@MbtiaintSsach of Sk pRiftirseAGNBrRhentObf ligl,amdopt i cs that establish

three telecentric regions in the systeny 16 JUN 1006 21 at |east one
aperture stop podiericgmbineshigcaives Wdspmaings He nrmary eolapsamrogens of conponent
| i ght path : : j L i1 o f i ;. conmponent s
of * 11 gt T R HBRRE RS aih R bIE Refl b R TR R e
with a pol dsplay mpgbeam splitter for each of the prinmary col or conponent
light paths to separately inpart image information into each of the primary
col or conponents of light; and a col or conbiner that receives and conbi nes

the primary7 col THe sgQBR@TRMRIE 16fin whicBhlie Widiiepdraim Setemamgend afler mation to
provide |ight representing a polychromatic display inmge. 17. The system of
cl ai m 16 i $¥Povines gaghiacledg @)F"%%ﬁ‘&gréﬂq PRNEYREYmM and the col or conbi ner each

i nclude a cross-dichroic arrangenent. 18. The system of claim 17 in which

the cross-dichroic arrangenents of the color separation and the col or
conbi ner atf% t hBessystem of claim 17 in which the cross-dichroic arrangements of the color

separation and the color combiner are the same.

19.  The system of claim 16 further comprising a light pipe integrator that is tapered in
the one axis, the light pipe integrator being positioned between the illumination system

and the color separation system.

20.  Anelectronic projection system, comprising:

an illumination system generating polychromatic light;

a color separation system positioned to receive the polychromatic light from the
illumination system and to separate the polychromatic light into primary color
components of light that are directed along separate primary color component light paths;

only one color modifying aperture stop to selectively block at least one of the
primary color components of light relative to another primary color component of light to
provide balance between the light components; and

one or more electronic light valves that imparts or impart image information into

each of the primary color components of light.



19. The systemof claim 16 further conprising a |ight pipe integrator that
is tapered in the one axis, the |light pipe integrator being posfsiégwmﬁ
. An

between the illum nation system and the color separation system
el ectronic projection system conprising: an illum nation system generating
pol ychromatic light; a color separatio ,System positioned to receive the

polychromatic light fromthe illum nation systemand to separate the

pol ychromatic light into primary color conponents of light that are
directed abpng PRPALRKERILiMEI0Yin Wi thé NP BNE RS0t inddiyiR@bRSiurO@Rbyisone col or
modi fyi ng aperture’stop to selectively block at |east” one of the prinmary
col or conpperétinned afong pylytone ef ieisorarate prmenelorgompangnt ghtarathsonponent  of
light to provide bal ance between the |ight conponents; and one or nore

el ectronic light valves that inparts or inpart inmage information into each
of the pri#ry Tld 9stesorfptaiartOsin ethidh thadaly bbe dadk @OAIGyiRL aitureTdiep syst em of
claim?20 in ich the o .one c Idor m)gjf ing aperture stop is positioned
al ong onl y"§ e%ifnatpﬁgu‘:ggi&%r‘%ﬁ anefteitnLfe B%P"'conponent light paths. 22. The
systemof claim20 in which the only one col or nodi fying aperture stop

i ncludes an_aperture that is elongated in one direction. 23. The system of
cl ai m 20 i A-whi Ehe HREMoH|aigR is ihigh the emly pnegolapepdifyiag apesiire iR | udes an
el liptical ;RRAkL W Stintkdt ap-Eﬂﬁ Systemof claim20 in which the only one col or
nodi fyi ng aperture s’%op |ncT udes a cropped circular aperture. 25. The
systemof claim20 in which the only one color nodifying aperture stop

I ncl udes a2£.r UCJF}fleOsryrsRe%p oetr ctlalljr';)eZO in which the only one color modifying aperture stop

includes a cropped circular aperture.

25.  The system of claim 20 in which the only one color modifying aperture stop

includes a cruciform aperture.





