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"(57) Abstract

In a colour liquid crystal projection display in which three differently-coloured illuminating beams (R, G, B) are incident from
mutually different directions on an LC panel (20) having an array of display elements (40) with a microlens array (21) at the input side
of the panel comprising microlens elements (42) overlying groups of display elements that direct light from the beams through respective
sets of display elements, and a projection lens (30) projects the output beams from the panel onto a screen (31), the beam geometries are
selected such that at a position spaced from the output side of the panel the three output beams pass respectively through substantlally
separate areas and filter means (50) are disposed at that position to remove unwanted colour stray light at each area thus improving colour
purity. Each microlens element of the array directs light from one colour beam onto one display element and light from the other two
beams onto respective display elements which are not immediately adjacent that one display element.
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direct light frgpyeseRiPTRON he three, R G and B, - differently-col oured input
| i ght beans through a respective one of those three display el enents.
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accordance with applied R, G B video signals. The nodul ated light 5
outputs fromall the display elenments in the array so illunmnated are
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has to be three tines as great to provide the sane display resolution.

I'n conpari son willuminatingnbeams| ontel the pameipsughe thatotheyyarecincidantron she
singl e LC panel in
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and hence brightness, is significantly increased for a given |light source
colours of input light onto respective sets of the d_isp?ay elements in the
~ array, each microlens element overlying a group of three display‘
elerhents, and 'a projection lens for collecting the display output from
the panel and projecting the'display output onto a screen.
15 ' _ |
A projection system of this kind is known from EP-A-0465171. In
a described embodiment, a white light source, comprising for example
- a metal halide arc lamp, generates a beam of generally parallel white
light which is directed onto a set of three dichroic mirrors whose planes
20 are arranged at mutually different'slant angles. These dichroic mirrors
produce respectively three differently-coloured, red (R), green (G) and
blue (B), beams of light which are directed towards the input side of the
- liquid crystal panel such that-the three beams are incident upon the
panel from three different directions, with the central beam arriving
25 perpendicularly to the panel, and overlap at the r'egion of the panel. The
_panel carries a microlens afray atits input side. Each microlens element
in the array overlies a group of three immediately adjacent LC display
"~ elements in a row of the display element array, constituting red (R),

-green (G) and blue (B) display elements, and serves to. converge and
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i nvention, there is provided a colour LC proj ection system of the
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.10 . the number of components and complexity of the system is, of course,
considerably reduced, although the display element density of the panel
has to be three times as great to provide the same display resolution.
In comparison with conventional colour LC projection systems using a
single LC panel in which colour is obtained by using a red, green and
15 . blue colour microfilter array in association with the display elements in
conjunction with an iilumina_ting beam of white light, the light odtput,
and hence brightness, is significantly increased for a given light source
as around two thirds of the input light in the conventional system is
'abs'orbed or réﬂ.ected'by_the colour filters.
20 However, the system described in EP-A-0465171 is not without
its own problen‘is and can suffer from the effects of stray light which
léad to a display image with inferior colour purity and colour contrast |
‘being produced. It is mentioned in EP-A-0465171 that problems with
stray light may be caused' by | the degree of parallelisation of the
25~ illuminating 'Iight being pqor', so that the illuminating beams are incidgnt
on the panel from directions other than the predetermined directions.
~ In such a case it is suggested that the light from the light source couid
be convérg_ed on spots by a condensing lens and unnecessary light cut

~ out using a slit or a pin hole. Besides making the system more complex
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such at a position spaced fromthe output si anel
the three WOMIME} beans pass respectively t'hrough substantia ygspa ially
separate areas and in that filter nmeans are provided at said
position for renoving at ' each areaglight of a colour other than
t-hat of the beam associated with 15 that area. ~The

i nvention results in a display of inproved colour purity and with .
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. and prinarily those conponents due to stray in the panel's
out put before t hnsuitabtenfarre compaet prO]eetIDnvssﬁsttemn stems froma 20
recognition that, firstly, there are a nunber of sources of stray light in
the systemother than sinply stray light resulting fromthe non-

~parallelity of the Iif @hanbesjeet 'oﬂ%@%‘ﬁes@ﬁt et ko q:?ovmt hRNRprovedr-
A- 0465171, and, secondly, that at |east nost of the stray light can be

renoved &onveni &oloyr bﬁ nrnpcmwpdnspbwcm/smem he panel by filteri ng 25
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‘region. For exanple, an arc |anp, such as a al halid arc | anp,
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/ /
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stray light. Then@ sistherand!t8thBIrficrolRAS eldthenty 6 e hitrblehstrfdy) s¥ch
' ~that at a position spaced from the output side of the panel the three
beams pass respectively through substantially spatially separate areas
and in that filter means are provided at said position for removing at
each area light of a colour other than that of the beam associated with
15 that area.
The invention results in a display of improved colour pﬁrity and
with higher colour contrast by removing unwanted colour components,
-and primarily those components due to stray light effects, in the panel’s
output before they reach the screen. The invention stems from a
20 recoghition that, firstly, there are a humber of sources of stray light in
the system. othér than simply stray light resuiting from the non-
parallelity of the light beams inéident on the panel as mentioned in EP-
' A-0465171, and, secondly, that at least most of the stray light can be
removed conveniently on the -outpuf side of the panel by filtering
25 - provided that the three differently coldured beams at this region are
| sufficiently separated. . _
'One. ..sourc'e of stray light is the- light -source -_itself and the
dimensioné of its light generating region. For example, an arc lamp,

such as a metal halid arc lamp; has a certain size of arc and light that



el enents, ideally with the bright portion just underfilling the open area, ¥
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el enents. , - The structure of the mcrolens array itself can
also lead to stray . light through gcattering of Iight at the joins
bet ween the m crol ens . el ements. The surfaces of the |ens

el enments, or the interface between 10 normal and doped material in,
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devi ces, nay aPlsmerisuideally withrihe beiohy portien issundesfilling the open argp h t he
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~coloured beans are separate fromone another and by an appropriately
filtering each®lfEgnts: t hat ‘position. Because the three intended col our 20

| i ght beans foIIowngI. L t ke Sl ti.ve I eve.
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directed ill umight thughagsartenngcofplight decthenjoirmsbenivesh thenmitrolens :

The aperture stop | ocation of the projection lens is a _preferred

sui tabl e regi ofilefegntspclhe syrfacegahthe ignsiplements, asshgdatesfacedetyeen ng 25
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nost desirable place in which the accommod he filter nmeans in

sinpl e and contRPERKItHLISRA thesubsirates ﬁe&ﬂétﬂ?@e SARexamplethe row
and column address conductors and, in active matrix type panels,
switching devices, may also result in light being scattered.
15 With the present invention, at least a substantial proportion of all
- ~ this stray light is removed before it can be projected onto the screen
through arrahging that a position exists where the three differently
coloured beams are separate from one another and by an appropriately
filtering each beam at that pdsition. Because the three intended colour
20 - light beams follow well defined paths; this is relatively easy to achieve.
By suitable arrangement of the system components, appropriately
directed illuminating beams can be provided in convenient manner.
The apérture stop location of the projection lens is a preferred
suitable region for the filter means. With the three beams then passing
26 through respective different parts of the aperture a three segment
coloured filter can be placed at this position to absorb any light of the
wrong colour at each part. The aperture stop is considered to be the
most desirable place in which the accommodate the filter means in

simple and convenient manner. At this position the beams are more
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wel | defi n%‘%?ﬂgﬂl@ sewhere. The microl ens el eREREE 0M%he
m crol ens array each operate,: as described in EP-A-0465171, to
converge and focus light fromeach of _ 5 the three differently
coloured illum nating beanms onto a respective one 5 of three display
el enents associated with the mcrolens el ement (or t hree col ums
of display el enapbiiidefined thancelféwhgtd .ndrical mcrol ens el enent s
bei ng used), so that after passing through the display el enents -

t he individual |ightTheimictalens elernentsdot theyniotalemsitasrayr each operate, as
di ing. In th t P As 171, the th di ay. el t 0
Concerned are 1 HREHRMAIR EhACPRPETd1e thiconyER oot Rewt gl fiara epct ot
provide a positipg theed giffdrentiycRforedilimiRaifg Béé}n§%‘?ﬁ6%tr%sbéefﬁ9t6ﬁe

another in a conveni ent manner the angl es between the three beans a
t he panels out putofsthfeecdisplay elements ;associatediwithctheamicrgians: elemeéntn(arhe

~individual beamgpreads. In ref erred enhodinment of ,the invention 15
thi s 15 achi cvadtBys PHmGR A SasleV BMeREHR thercasenet Y ndial mistblensom

‘the two illum nadjbR@nts a@ingOustd))Co Sttt aftel NSadding ditirbLigR! 78 | diSplagam

is directed through respective display elenments to elther Side of one

di spl ay el ement elameng$ thei iodividgalt lighto outpusst froml the adispleydeleowardd are

whi ch i nedi | y_adj h i spl | . Ljght 20
o e e, i Cvetding: fn 3% 8V8iem of ER& kR {1 T e i Hibhiay, slaffent
one di spjeay- el erggiderféd @ré BMsssesiwiictPlind8dicaRe riicrolenY efRrRBRA! In order to

Assumi ng that one |ight beamis directed substantially normally onto the
di spl ay panel , | pigide a pesitinrswhereithethiee outpudt bgaros arerseparate from onent

Lot e o nGBBET BAE P S i S e byt
i 11 uninating beagie déhe‘fbhg&it sitiéeafbelifiroadd sOREY tieylaregiedter than the
respectively to the (n + 2)th and (n-2)th display elenents. Alternatively,
individual beam spreads. In a:preferred embodiment of the invention,
15 ~ thisis achieved by arranging that for each microlens element light from
the two illuminating beams to either side of the third illuminating beam
is directed through respective display elements to either side of one
display element through which light frbm the third beam is directed
which are not immediately adjacent to the one display element. Light
20 from the two side beamé may be directed respectively to the next but
one display eléments on either side of the one display element.
Assuming that one light beam is directed substantially normally onto the
- display panel, light from this beam is directed by one microiens element
: through a display element underlying this microlens element, for
25 example the nth display element in the row, whereas light from the _
iluminating beams to either side of this one beam is directed
respectively to the (n+ 2)th and (n-2)th display elements. Alternatively,
light from the two side beams may be directed respectively onto the

next but three display elements to either side of the one display
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next but three display elenents to either side of the one dIS | a
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6. el enent i.e.-the(n+4)th and (n-4)th dISp|ay el enents, in .
- a row ' Each mcrolens-el enept nmay be arranged to overlle a

group of three adj acent display elenents in a row of display

el enents or three adj acent display elenments in a delta

2 oot e | ayooHEnERE, MR BnrPand (n-aref Qi ERAHEIPR IO, Conor e

an array of sem - CdeI'nﬁh‘cﬂﬂéns element may becarearsged eosVerlied grslipnafi n
paral | el columw se of the_display el enent array, as described in

EP- A- 0465171, threepdiaceat .dﬁnlyv @!ﬁraﬁnwn a row of displayglegnents|or tree
| toroidal, mecr §£§1te+|§§r§&t§1ehﬁn{t§% %W*@Errﬁhg?%ﬂg?ﬁ'%e Hase where 8" mat .

Spherlcal m crorens e S woul'd be re

af or ensnt i onedodealienl deltearray: shtispla ehménthaamut isgysiredcal , or
toroidal mcrolens_elenents, rather than cylindrical elenents, are

consi dered to be rﬁh%%F@'E?ﬁlﬂ’@yaé“%ﬁllci"ﬁ%ﬂ’ﬁ?a?"ni"'é?\blq;nﬁe'ﬁl gwindrical -
woul d 11 keI y "l‘ﬁ%@leﬁgy Sehidhil é%&ﬁl{\&i?ﬁl fh %'a?éileti)ec rfn'ﬁ\g‘?lgﬁrofsﬂ’tg ?ﬁsd?éySt ray

15 - as t ocus I1°g in one
Enbodi rrent s ofelembntlan‘ayqas deschibédiin EP%-MGEdrvﬁlm'rdlwynammm arnay

accor dance W|th the invention wll now be descrjbed, by way of
exanpl e, wi t h diepbegsak of doraidal aeufawgqm lagentsin rﬁgsangtﬂam% Rexagonal

10 format. Spherical microlens elements would be required for the ' !
aforementioned deita colour display element layout. Spherical, or
toroidal microlens -élemerits, rather than cylindrical elements, are
considered to be.moie preferable as cylindrical microlens elements
would likely waste more .Iight and could also be a 'further source of stray

15 light as they focus light only in one dimension.

- Embodiments of colour liquid crystal projection display systems in
accordance with the invention will nbw be described, by way of
example, with referen'de to the accompanying drawings, in which:-

20 Figure 1 is a schematic diagram of a colour LC projection dxsplay
system according to the present invention;
Figure 2 is an enlarged schemat«c_cross—section- view through an
LC panel in one embodiment of the system of Fi'gure 1 showing example .
light paths in operation; and -
25 - Figure 3 is an enlarged schematic cross-section view thrbugh an
LC panel in another embodiment of the system of Figure 1 -shdwing
example light paths in operation.
It should be understood that the Figures are merely schematic and

are not drawn to scale. In particular certain dimensions such as



20 Figure 1 is a schematic diagramof a col our LC projection

di spl ay stem according to the present invention;
Figure 2 i gv%?fm&hf%rged schemati c cross-section view throughl’c'mms’m"“5

LC panel in one enbodi nent. of the systemof Figure 1 show ng exanple
light paths in operation; and 25 . 7Figure 3 is an enlarged
schemati c cross-section view through an LC panel in another
enbodi ment of the systemof Figure 1 show ng . exanpl e |ight paths

in operation. thlckgesses and ébacﬁhﬁ%'rﬂaf%évgjﬁﬁﬁﬁa%dﬁété&'@vf ilsg Wiher 21 €

nmerely schematic an are t awn to sc articular certain
di.mensi ons such diimensions may\hayé/ vexnl feduced.
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t hi cknesses and’ spaci ngs may have been exaggerated whil st ot her

di mensi ons may have faggfin| fBJFFdi':re 1, the cPrg]ec'aon syﬁtgﬁf _E‘Ph\/\ié:?\glgta? e @ @ 1,

the projection system V\/m ch be use agr ap
di spl ay pur posedor ddhpr mwraphlcgdtsplawputpms, comprises a fight soatdg/mn t he
formof an arc Ia ner at.es whi

directed, with the a&?'\é\{;'df‘ thE#QHF ofan 8 't&rnp't\ﬁpmﬂe%@m\e’ﬁ%@r“w@a&1
to forma genergd B#e@&roalvhﬁ'l tﬁ)eeai@i‘éfza FHar‘f‘@ﬂé&o'n" ﬂﬂbugﬁa&?&ndﬁns&h

dichroic mrrors 14, 15, 16, slantingly arranged respect to t e 10
beam 12 at nut uablfprm afgaermall\arpgirelialdieamtbz|afnwmteullghtanA lsaglqiaihyee

axis, separates dt ro:c mlrrors gm Jlgt qsr ciémtu‘lglgrarral’xgecc;i w:?h respeét to the
10 beam 12 at mutually different angles of rotation around an imaginary
axis, separates the white light into red, R, gréen, G, and bilue, B,
component beams. Red light, represented by dotted lines, is reflected |
from the input surface of the first mirror 14. Of the transmitted blue
and green light, the green ligitt, represented by sblid lines, is reflected
15 from the input surface of the second mirror 15 back through the mirror
14. The transmitted blue light, represented by the dashed lines, is
reflected by the mirror 16 back through both the mirrors 15 and 14.
The three differently coloured, R, G and B light beams aré_directed onto
an LC display panel 20 having a microlens array 21 at its input side.
20 The light source, dichroic mirrors-and LC panel are arranged relative to
one another such that the three differently coloured illuminating beams,
R, G ahd B, are incident on the LC panel from m‘Utually different
directions with the green beam arriving substantially ,perpendictjlar-lv to
the plane of the panel and with the blue and red beams arriving at an
26 angle, designa’_ce'd a in Figure 1, to either side of the perpendicular.
| The LC panel 20. is of a conventional form and consists of a row
and column array of individually operable LC display elements. The
‘microlens array 21 consists of a set of microlens elements, each |

microlens element being aligned with, and overlying, a respective group



conponent beans. Red |light, represented by dotted lines, is reflected

fromthe ir}Fut surface of the first mrror 14. O the trangmt ue

and greenMAWR3 he green Iight, represented by solid Iing’gmﬁ 3 ect ed
15  fromthe input surface of the second mrror 15 back through the ,
m rror 14. The transmtted blue Igght, represented by the dashed
lines, iIs reflected by the mrror 16 back through both the
Im'r[]ors 15 and 14. The three differently coloured, R G and B

i ght beans ar ' Qs . n [ I ' a
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mrrors and LCfoparslight éromrtheged, rgreehiamd blue illuminating eanas ehivughsuch
that the three differently coloured illuninating beans, R,
B, are incidenfeshective displayelemenis asseciated with eaph ficrolens element,

directions wt
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i R
and col urm array ofn PHBTQF!Q!\A&WW'&H@FQBF@’E@W%ﬁﬂi‘a@’ci'ﬁ WSP&%W?HE’QG

m crol ens arr ay;s

Clheams

sicojcurel, 2angt dftfer geted, e fRithinatif

G and

to
25
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obtained by splitting the white light from the light source into three line

PCT/ 1 B95/ 00495, ey e . . .
of three adj actnages.gachobwhichiscoingident with a fespeqtiye @Ep'?é‘réi%@e{‘&

~ focus |jght (1 Ot BRpId/ oldihER 87 k! Siind | 30/ HrRAriVAh RE R HEUHbir

respective disp

enments assocl at e each mcrol ens el enent,

y €

and hence r espesspectivedightdhputsindcempventiariat fashien hyhaneassbeidted rdrivies
- circuit (not shown) to which a video signal i's_.applied by selecting the

15

rows of display elements of the array in turn and driving the display
elements in a selected row aeéording to the video information in the

video signal, this operation being repeated for successive fields of the

video signal to produce successive display output fields. The display

light output from the panel 20, comprising the individual modulated light

 outputs of the thus operated display elements, is collected by a single

20

25

projedtion fens 30 and projected onto a screen 31 where an image is
displayed. With this system, therefore, only one LC panel and one
projection lens are required to produce a full colour projectioh display.

The projection system as described thus far is similar in many

respects to that described in EP-A-0465171 to which reference is

invited for further description of the general construction and operating
principles of the light source 10, the set of dichroic mirrors 14, 15 and
16, and fhe LC display panel 20 and its microlens array 21, and whose
disclosure in these respects is incorporated herein by reference.

The projection system of Figure. 1, however, has important
differences over that of EP-A-0465171 which lead to an advantageous



5 nodul at ed according to an applied video signal. In
operation, the mcrolens elenents each focus light of the three

di fferent] WM ed, and differently directed, illuninati ngP OHIRIR/00495

obtai ned by splitting the white light fromthe light source into three line
i mages, each of which is coincident with a rgspective di splay elenment. 10
The di splay elenents of the panel 20 are driVen to nodul ate their
respective light inputs in conventional fashion by an associated drive

ove of d spl ay TPLRLATERLTH Re sf1Bly ToRRluelvan By b Bl difhiby
elements in a senagbasbtamédacTied Brojection isYsterh Jeo willberdeecribed iin gréstet 5
video signal, this operation being repeated for successive fields of the

vi deo si gnal t o detailwith Seferease\i® Figuseay2 Andodt illustrating twe alterpptiye

output 5. of t he SRISHEIAE: ovsfoehRpartlrivEroblbih i ffa ol Ghich "
proj ectign | ens c3Rsagdosy 6f ecloed pulity shdeoweast8l where an image is 20
di-splayed. Wth this system therefore, only one LC panel_and one

proj ection | ens are St lighicanresulidiem anamber of sources: Pre souiceds $he ay .

fespects o ¢ hal b IAERSERideRHhvey, i the sBnhalhiidhs IdudR e the arc of
invited for furttherightsourds 100 kiealipetiehightisowressshoutd bena poihtaatireé i ng
25 principles of the |ight source 10, the set of dichroic mrrors 14,
15 and butdecavgeithe arc lamppgenergtasan 20c & diniteslepgth the lightof ay

21, and ose - . cdi.ac ¢ e 1] enlespec IS JapC onhat eg herein
by ref er1\§,rr11ce. the |Ilummghﬁ§ gEg&prdJJBgtclplggnbgyg?egné&’o‘#e?f?gu_fré;e’gl,ﬁhog%@er,
has inportant consequently itherlight @f eactr of tieé differehtip-dbloodedliliuminatingad t o

an. advant ageous . . WD 96/02113 ) _ _
PCT/ | B95/ 00495 beams directed onto the panel 10, will not be completely parallel. In the
system of EP-A-04651 7'1', each microlens element of the array overlies
a respe_étive groub of' thrée immediétely adjacent display elements and
15 images the arc in red, green and blue on those underlying three display
_elemehts reépectively. For optimurﬁ effectiveness, the bright part of the |
imaged arc preferably should just underfill the open area of each display
element. | As-a result of doing this, howevér, and because the three
iluminating bearhs are'noi completely parallel but are spreading slightly,
20 light from the weaker oUtér_portions of the érc can easily be imaged on
| ‘the display eléments to either side 6f the display element receiving the
bright part of the imaged arc which diépl'a'y. elements are each i_ntended
tomwNemWﬁmndadmmanmmm._ o
The structure 6_f the miicrolens array 21 can also lead to stray light,
25 particularly the regibns s-epar.ating adjacent microlens elements from
which light can be scattered, and the surfaces of the microlens
" elements, or, in the case of grédient index type microlens, the interface
between normal ‘and doped material, which can also scatter light.

Similariy, tﬁé 6ircuitr_y ca:r:ried on _the substrates'of the LC par{el 10,



9 | nprovenent in the col our reproduction and contrast of the

di spl ay | mge obtained. The projection system ]

descri beW0i9%/0g3at er detail with referenze to F?éﬁ&%%ﬁaggnd 3
illustrating two alternative enbodi nents, overcones particularly
problens due to stray light which 5. causes | oss of colour purity and
contrast. Stray light can result froma nunber of sources.
One source is the | i ght which 3Piginates away fromthe centra
bright region of the arc of _ the Iight source 10. ldeally, the

| i ght source shoul d, be a B?int'sogr ut because the arc |anp

C ' b
generates arSYfrtasiheisgts of rawyen mﬁlmﬁgfmdfﬁs ggnductorsand pls@niiMat i ng

~beam produ Efn ot d it i el en,ly the
| i ght of eagﬁgo? ¥ﬁ]2ﬁ d?ﬂyeé??g%t yét @glslb%gpeag% PI_ThuemS%Yét%hﬁngg HEInaIte; %teams

- direct edf. ontexarmplep difdls, tan alsd caunse sbatteredplighite| As withathesstray lighbe

system of EP-A-0465171,, each crolens elenent of the. array overlies

a respectiveeé?ﬁ?pcwsepm\é ‘?ﬁhﬁﬂia&?gﬂ}g%j Eeﬁﬁattﬁfg‘&"_gbt Egﬁﬁﬁé Yand 15

i mggs the agigpiay bRfmertsCRiefiAg gt 6 o BBRRIrUSEHRY ! thaR9tHd" &€ thé Sp! ay

el ements.respectively. For-optimumeffectiveness, the bright part of the

i mged ar c pparticutesioplatirdntandeds tA dispéay elemerttintepdad 40 operate satgly di spl ay

el ement. As a.result  of doing.this ~however. and:hecause the th

71 i nat | ngWiRDater erlinnf; rebigRtDay JRHE fefenes Shall SRS bR B, | gy,
20 | i ghgrelehaigrtes Wankehichylatfer MR6AUIBHIBNDTs édIRcRéS ahd proeitéd be

‘I maged on the display elements to elther side of the display

el enent recedontonthe sereen and this fwrghg” moleurotightis respgesible fontheh di spl

el enents are each [.ntende to.receive only light of a different
col otfr. d_egraga{lon °r}ﬁF§_°'_§&_PHE!$Vur-e of the microlens array 21 can al so

lead to stray |imhthe BRojection syBfdrhicTUFighte/ 11 et 1686 wiost SERRAIsaétray adj acent
mcrolens elenments from < - - which light can be scattered, and the
surfaces of light isiremsavedsbefore reaching|thasereen sp, that the, displayirageyr adi ent

i ndex type ng lens  the iftetface. — helws e :
mat eri al , mnﬂ“g%%é'gﬁ%mptsfgs%%gﬁ’@é‘f{ﬁf%ﬁt The mannsﬁ% \O@ﬁénh ﬂ‘g% y;clﬁﬁge%iofgui try
car ried on tlegultstirémadreappiecidtion of the dactithat the "correct” colour light

16 follows well definéd p;it_hs t_hrbug_h thé system and the récoghition that

4

_if the paths of the differently t;oloured "colr'rect_" Iight are distinctly
defined at some point be_fwéeh the b_anel and the screen then a
substantial propbrtion of_ the stray light df the "wrong" colour can be
removed |n a Simple and_ c.onvenient_ manner. To this ehd, th_e'refore,_ the
20 _directic_mé of the three di'ffe.rently t:olou_red light b,'e'a.ms r'elativ.e tb one
another and tb the microlené 'al;ray are.sellgcted s_u_ch that at a p.o.sition :
spaced from the'output side of fhe panel the thréé,_ mo'dulla'téd, beams _
are largely separated and | paés respectfvgly ' fhro_ugh subsfantially
_separate'sbatial a'reaé at that position, and'éolou__r filter means, as
25 - indicated for éxampl_e .at 40 in Figure 1', are dispéséd at that position
| which, with regard to eébh of the areas,_.al:lows. orily light of the correct
colour to péss .the_reth.roug'h_. | Thus the filter means, which can
comprise a si_rﬁple threé segrhenf, red, green and blue,_ coloured filter,

‘absorbs any stray Iight of the Wrong,coiqur from the red, green and blue

SUBSTITUTE SHEET (RULE 26)
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PCT/ | B95/ . ' )
such as tﬁ‘g’6 e{ﬂ%llgf row and col umn address conductors, and gFmF;s?or?‘gs

the case of an active matrix LC panel, the switching eI enents, for

exanpl e, TFTs, can al so cause scatt er ed light4 As with the stray light:
effects caused by the finite arc length, this scattered light can lead to 5
~display elenents receiving light of a colour other than that of the

particul ar col ogutguttveias frotn dthePanel @oenent i ntended to operate solely
with, for exanple, red light- may thus receive smal | amounts of bl ue and

green light as well thvme of ithe !nmsmassmg itbrasigh substansially pseparatesd
onto the screen ht nsi,bl.e for th 10
degr adati on of %’a‘?l%% %{‘ W{} 8 sped from B |%%PH§5B4) Joéc{r\ Sha 95@

Figure 1, at |epfdjettion s%térﬁ &f Bigufe 1 differs sugnﬂfllcﬁhily'ﬁoﬁﬁfﬁaﬂteéif Epigyr e
reaching the screen so that the display inmag has much i nproved

colour purity. 9AB51dAndn whigh, @ﬁQM|D§$mgath@&@|m the panel, thesdhtaﬁ from

an appreci.ation, h re h fol I ows
wel | Iogef I ned pat"ﬁgm{.'Eﬁ%ﬁ%tapﬁg]g%y%lf@nﬂiﬁd "?’ﬁk F’E&"g tre hﬁe% ﬁé‘? still at an | f
the paths of thgngleftocsaih dbthetOthey Isse’ & 8pred, 'i.el. dBldrganese dh%ﬁﬂ@bh)by
defined at sone point between the panel and the screen then a

substantial profts thisfelgnstelementswhichhmesns; that: wwbrea:&oénmsmwtlye
Girestions of tpLetaad i 7Y B aiRiREE il serbeblld B Fosed el I e
anot heri@nd to fihite Nsigé ObERe asifcdy Bécausd oft e DveHappitig Matd@reP@Fi tHeon
spreading beams, filtering cannot be used to remove stray light.
It would not be feasible to try to creaté a position where the three
' beams are spatially separate which makes selective -colour filtering .
possible by just selecting, for example, the size of the'light source, the
15 focal length of the microlens elements, the distance between the
- microlens elements and the display elements, and the display elements’
sbacing and open areas. Instead, the geometry, particularly of the
beams, is altered. ' ,
Two embodiments of the projection system demonstrating
20 alternative ways of achieving this objective will be described with -
reference to Figures 2 and 3 which each show schematically a cross-
section through a part of the LC panel and light paths therethrough. In
both cases, the important c'Onsideration,_ bearing in mind that the
microlens elements introduce an additional spread, is to increase the
25 angles between the three coloufs ‘emerging from the panel so that they
becdme substantially separate. For a given display element spacing and
display element to microlens element di.'stance using the geometry of the
- system of EP-A-0465171 the angle:between the beams would appear
to be fixed and if adjacent microlens:elements touch each other, that is,



spaced fromthe output side of the panel the three, nodul ated, beans

are | arge ated and pass respectively through substangi

separate %%?‘fi@?{sar eas at that position, and colour fil termrfé%@ﬁooégs 25

i ndicated for exanple at 40 in Figure 1, are disposed at that position
which, with regard to each of the areas, alhgws only tight of the correct

colour to pass therethrough. Thus, the filter neans, which can
conprise a sinple three segnent, red, green and blue, coloured filter,

b b t i : |
\6}\058%/ 323% St RAY indBlusS eldiReifsORBe GR10'shatsd Mirbhf Jn%d,ana&ﬁ%n&ﬁ%@g / 38495

11 ~ significantaxtent,thisangieisgunaller2ban the individual beam &yreadst ue of

t he beans passi hr. 0 .Ssubstantially separate . . eas at.a

posi tion 'spa_cetlgrn hgr%ﬁ_"teﬁg‘%ﬁf Yt O% PRRaGfIng er?.ﬁ‘?é'l"_-s,- :stqglevec%y arraggifi%ct i on
system of Fi guiRatltH¥ {W6'sidé baiins €7t isy tHd BBaMRAo &ithérkide of The beam
0465171 in which, after passing through the panel, the three

i |1 unination baemngmerperdiculasty, tothelplaneof thecpaneledb inot godtheough the at an

e o crofane Sy AR Beeho e Ao PRRR by AIER: >
overlap. This ibtithroidi theMbxt dispidy SlRhfHts Figure)C 0P 806N AgRetdwhe 10

finite size of the arc. Because of the over?:appi ng nature of the
-spreadi ng beaméFigure S8brinsteathnnot be used to renove stray |ight.

§ooul 9 not be ! CBRE SRobale dloRk BBk o ARSI SPRH Bei SeR S
possi bhg by j uphnsPReCt TR paher 20 cuTpfses foSipaRed  subierdtes/¥s anyaee. the
~ with twisted nematic LC material dispésed-therebetween which carry
respectively sets of electrodes (not shown) defining a row and column
'arrév of display elements, some of which elements from one row are
shown here as simple blocks 40 with the letter R, G or B denoting their
16 - associated colour. The microlens array 21 carried on the outer surface
of the substrate 35 consists of microlens elements 42 each of which is
aligned with a respective group of three adjacent display elements in the
row and directly overlies that group, the width of the microlens element
corfesponding approximately with the width of the group. Green light
0 arriving at a microlens element 42 substanﬁally perpendicularly to the
pléne of the substrate 35 is focused by that element onto the central,
G, display element 40 of its underlying group as depicted by the ray
'paths in Figure 2. Instead of the red and blue light arriving at that
microlens element being focused on the display eleménts immediately
25 next to, on either side of, the green, cgn_tral, display element, as in the
system of EP-A-0465171, the red and blue light is focused respectively
on the next but one display elements to either side of that central,
green, display element. Assuming, for example, that the mth microlens

- element of the array overlies the (n-1)th, nth, and (n+ 1)th. display



15 focal length of the microlens elenents, the distance between the
m crol ens. ts and the display elenents, and the displ ay )lfsﬁﬁlﬂ
,spaci ng an‘gbgggﬂlgr eas. Instead, the geonetry, particularly 8? oy

. beans, is altered. Two enbodi ments of the projection system
denonstrat i ng 20 - alternative ways of agly eving this objective will be
described with reference to Figures 2 and 3 which each show
schematically a cross- section through a part of the LC panel and

l'ight paths thegRidURY#thd fbw, thﬁen theﬁ;r@é’ﬁ fighfiRfirectdd o"nfﬁ)fﬁé ﬁmdlsblay

consi deration, bearing in mnd m crol ens el enen
i ntroduce an adeliementdh tbprremibylthetmth m]cmim tleenett 42, and tlaagedsankiet ween

the three col ou fromthe o t.hat the

substant i al Iy B S Beins ZAVIDS AR i oHEileRs Slaments argdieced
di spl ay el enenty Ely, ) Valefhdhtiand Pt he
system of EP-A- 04 Se%ygéyhtgrtgrelghe bg‘g&ggtheﬁbeam &E@éﬂappe&ﬂﬂﬁeﬁt

be fixed and i f respegtively. ni(Thelpaths efethenred tamdc blusaliphb thmeaught the mith,
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PCT/ | B95/ 00495 microlens element are not actually shown in Figure 2 for reagons of -

the individual glapigp0t Reﬂr&rd“b‘luéﬁéﬁ?% Bi@awsnw@ﬁagﬁ-ﬂm @R (n+1)th

significant extent, this angle is Smaller than the individual -beam spreads.
The desired obj dtspla»eelcm&mpunmad@elmp sishersside afche esatrabyntly, rdisplayg

e e o0 AP - bt R S S e it ol
ghfplt ﬁ%‘ﬁl ﬁnfﬂt &dbfﬂtﬁg'eaéfiékéhéﬁhéﬁédtl‘tn&ﬁenﬁ%lé& oRAerd] aehéuegiceealiw
g e nex i spl ay elements, (Figure 2), or even further away,
the ray paths in Flgure 2. The appropriate colour light is directed onto
each of the other display elements in the row by the microlens elements
in similar fashion. Other rows of dlsplay elements are illuminated in the
'same manner. _ . '

- ." To this end, the directions of the red and blue illuminating beams
a're'appropriately angled by equal amounts to opposite sides of the
pérpendicular to the panel, corresponding to the direction of the green
illurhinating beam. As.can be seen from Figure 2, the red, green and
biue modulated outputs from the ‘panel 20 are still spreading but,

20 | importantly, the angles between the three colours, as determined by the
directions of their centre lines, are much greater than those in the
system of EP-A-0465171 so that at a distance away from the panel the
rec_l, gréen 'a'nd'_bl'ue o'utput' beams becbme substantially separate and
overlap only to a very small extent. ‘At a region spaced from the output

25 side of the panel 20, thé.refofe," thé;: three beams pass through

substantially separate and distinct areas, in a plane parallel to the panel,
with ohly very slight overlap between the green and blue beams and the
green and red beams, thereby permlttmg a three segment colour filter

to be posltloned at that reglon to absorb most of the unwanted colours



(Figure 3), instead. : Figure 2 shows a cross-section through

a typical part of the LC 10 panel 20. The panel 20 co |

spaced suW&IMRHS 35 and 36 with tw sted nemtic%@%’%ﬁl

di sposed t herebetween which carry respectively sets of el ectrodes
(not shown) defining a row and colum - array of display el enents,
sonme of which elenents fromone row are shown here as sinple

bl ocks 40 with the letter R Gor B denotlwg their 15 associ at ed
colour. The microlens array 21 carried on the outer surface of

t he substrate 3 onsi st.s, 0 crol ens el enents 42 each of which is
aligned with %“ﬁ?@ilﬂ&fna}ﬁwgﬁﬁfpo{ﬁh? FPEECE SO O RRSHPL Saeh (_glfef,hplge, n the

row and di reCéuUstQHﬁé%?i;rér’%?é af¥ds!'nd Egﬁﬁ%@ﬂlwg@gpgﬁgm@%t%ﬁlgﬁhe”E“t

cor respondi ng -appr oxI y Wth the w een |Ight 20
arriving at aomrwwrmgceloamheingmrogemrimttoaheycmnpé‘rhei apdrturie\stop t he
- plane of the enent. onto fhe

ub i |,
& i spl ay ol EiiaRPN I the proiBetRR LTS s Hartiptlayv £onapient Bastipn foE hay
~ paths §n Fi guéé‘gr%enfd]sbgﬁﬂlr()fﬂltte?e r ad tRreb @éé?néﬁtg%lﬁfrr ififierd éHoWHat

. mcrolens el enent being focused on the display elenents i mediately 25 :
next to, on eschamatically af 40tihFigurech, camheraabcpnm:z#atag irBcimwle and in t he
system of EP- A- 04651 71, éB red, and b|ll| is focused respectively

on the next bERSYoMANNELHt eeﬁ%ﬁét% %‘F? - side of that central,

green, display el ggRé . erfBs4imhéNt of%g@?éa@phﬁ WHigH thBesaFh ra¥éreRkens
el ement of the array overlies the nth, and (n +1)th display

1
3 10 microlens elements in relation to the dlsplay elements is the same as

before and the green illumi'natf_lr;lg beam again is,_;:_lir.ected substantially

_ perpendiculaily to the plane of the_':pane'l 20. The red and blue
i.lluminating beams are also difected at substahtially equal angles to

either side of the axis of the green beam. However, in this

15 emb_odiment,_thé red and blue illuminéting beams are now directed at
" increased angles to the perpendicular éo that for a g‘iven microlens
element 42, green light i is still d:rected onto the central display element

40 of the underlymg group of three display elements but the red and

blue S|de beams are focused by that microlens element respectively

20 onto the nexf but three display elements to é_ither side of that central
| display element. Thus, assuming the mth microlens element of the

array overlies the (n-1)th, nth _and'(:n + 1)th display'elements, the green

beam is focused by the mth __miérolens element onto the nth display

_element; and the red and blu_g side'bea_ms are _focused_ by that mth

25 - microlens element onto fespectively the (n+4)th and (n-4)th display
| elements. Blue and red light ié directed onto rgspectively the display
elements immediately tb either side of the centrai, nth, display element,

ie. the (n+1)th and (n-1)th display elements by the (m-1)th and

{(m+ 1)th microlens elements as depicted by the ray paths shown in

SUBSTITUTE SHEET (RULE 26)
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el ements in the row, then the green light is directed onto the nth display
element .in_the row by the nth mcrolens el enment 42, and the éﬁ‘lh!?ﬁpal!%

bl ue si de WEAMZBriving at that mth microlens elenments are dire .
‘respectively to the (n + 2)th display element and (n-2)th display element 5
respectively. (The paths of the red and blue Iight through the nth

m crolens elenent are not actually shown in gl gure 2 for reasons of"-
clarity). Red and blue light-is directed on%o the (n-1)th and (n + 1)th
display el ements inmmediately to either side of the:central, nth, display

element, i.e ( ) e t er 10
- side of the afor%ﬁ#ae‘?lghééw?ﬁaﬂpatg@gﬁw l@tg% ékg%ﬁa'&sor? LS tl’?eoghge

the ray paths ldtsﬁfaguremawts’rmmamwbprthamcméﬂyélémghtsms:rﬁldresétﬁdnont0
each of the other dISp| ay elements in the row by the mcrol ens el enents

in simlar fasHingether rRWs ofgisriay glements aéedtmnmt%ﬁi i the samemannern t he
same manner. 15 In this embodi Fhérﬁ' thérefore! tﬂﬁ Q%%tﬁe&%ee?\fthtehl%dr ﬁge d bl ue

iI'lum nating bea are appropri At el ngl e equal s to

opposi te sSides am‘d Blbe modulated outpat beaudvsdtdmrthepahbbzo,aasadiefumdwﬂmﬂdl ng
to.the direction of the green | um nati ng, lz@?m As can be seen
from Fi gure 2, Geh&re é‘ﬂesgraéén”ﬁWd greater than Hihge ingJMidual Reasnt pakeadsr om t he

panel 20 are Stcéﬁtpé.@rdeaﬁthnﬂteba@bo%%ﬁm of IFigf¥e' 271t0¢ anbli? S0MaFderss Ween

the three colours, as determ ne ons of el r centre
| i nes, are nuclthgt eataednstém irbmsehe lpahbbzo the red, gyeereandfblﬁé’ ArPd6t5 171
so that at a di stance avva the %gnel t he green and bl ue

output beans bdERS §[Fb§? ?eEE PaPECHRYing distinct sB@@‘F'I %ﬁ?aérfpyato a
[ t f th
very Sgg, ex ggéne ﬁ%rtﬁl ‘Fcﬂ'tﬁ’é‘ %H@FQ@. Aocm' ep§eg|‘|'\te|?h'tfllt%ﬁ3 'nd'catgstantla e

panel theretore ree beans pass throu 1y
separate and dimtﬁlgmne tr and again arnahged giathel apdrture stoe gfathel projection

or cen_and 1 ed’ HEA e H505B5 URBARtBR CAIp S BROGIORER ABHE S dpe FPITEEE
to be positioned i {8'phst G &HEH Bf "’EH@Q& l%eBQFJteoéreEQ,e HHEMEEY GHeGOhtig S
unwanted light of the wrong colour be'ing' projected onto the screén.

15 With compact arc lamps and typical display element sizes and
substrate thicknesses, the total angular _spread of the output beams in
both embodiments cén be made quite small. The aperture of the
projection len's 30is det_ermined by this angular spread. |

A brief mathematical explanation of the optical design criteria for

20 the projection systems of Figt:res 1. 2 and 3 will now be given.

In Figure 1, the thréé dichroic tnirrors 14, 15 and 16 are atranged

with a small angle a/2 between them, _so.the t:entre lines of the R, G
and B illumination beams after _re'flection'are_ atan ahgle a to each other.

| Referring tb_ Figureé 2 and 3, the 'light béa_ms are refractéd_ by the

25 - curved .surf_aces of the microlens _etetnents 42. However, at the centre
of any microlens element the surface is pétallel to the substrate 35 of
the panel 20 sb’ the light that paéses through at this point is 6nly
_d,ev.i_ated due to the refracti\te indéx difference. If n is the refractive

index of the substrate material, Snell’s refraction law can be applied,

SUBSTITUTE SHEET (RULE 26)
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14 and allow mainly light of the correct col our_to pass at
of these WO9%M2113 gypstantial iy separate areas, and conseqBERIFOPEy
unwant ed | i ght of the wong col our bel ng projected onto the

screen. The aperture stop ' | ocationdn the projection lens is
particul arly convenient position for the 5 segnental colour fil
A t'hree segnent colour filter, shown schematically at 40 in

1, can be accommgba p
stop | ocation. Lﬁgnb&ﬁ be \ﬁgéﬁéﬁ%%ngehnee of ﬁ@g@ﬁ%@m@%n%@gﬂ
sane ref er enceof the two, reduared Blue, side bews Insidethis substieteD Where n. &g
arrangenent of the 10 crolens elenments in relation-to the dis

el ements is the i dEtis the th'C'ﬁ?ﬁsé'r of the| suhstrgte 36 togethenwith ghee
di |
again is |rec ) erﬁ%s ﬂegﬁ%rﬁ{aeé'nd d is ‘the %ﬁém ato?#h%b u¥d:§1ﬁlu%'l"%n$bl%9_e

t he panel eans are a

di rect ad at suélemem's ahbyif ﬂwﬂdm aidglmmmare dlrectedWéhﬁcrcﬂenhaelefnéri‘te
of the green beam However n this: nbodi nent, the red and

i 11uminating bRR%s th&rfav%wp&nwelsmtafmmed'ate'v tq w&wa%@e of, the eentral.¢
per pendi cul ar . rgg[sg dé\Pélel% \S?fthé@ﬁa nﬁﬂg lgrm;p thresh?émss} el%?nerg e

light is still onto enent
under | yi ng grcagirmithé lvase ofi Bmlﬁewwwﬂdntthebtmetmle dbtovedn the beamsb

.side beans are focused by th t m cr ol | e respegtive
the next but t'ﬁ'ﬁ‘éé%ﬂﬁ)‘lﬁ}ﬁ elatign tan; f/ﬁ-er '?H%@’o given téél'ﬂ‘?ﬁ* of

00191 T R G SO S 2 b
-beamis f ocusetﬂ:ebqnglbea,ntskumquem éeltermirwcbnﬂf bamvehehettmajsutel bgams
ellement, and the r ?Irougr(\j tl?el }'Jlgxts but one 8{51'3! 58}‘"%%%55’%(15 ubl)f:lgure 2,nLen tan

passt
B = 2d/t. Passing through the third display efement i is not viable in a
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three _coiour'syste'm, but pssing'th'reu'gh the fourth display element, as - -

s inFigure'3 would give tan 8 = 4d/t.

The thickness of the substrate and the dnsplay element spacing
have to satlsfy another relation which depends on the spread of the
light about the centreline in the beam of any _one colour. This in turn is

" determined by the size of the light source and the effective focal length,

20 f, of the collection optics (11 in Figure 1). If the iength of the arc of the
light source, in the plane of Figure 1, is x, and if the light beam
emerging from the collection opticé is substantially collimated, then the

'ahgular spread, y, in the beam is given by y = *tan'[x/2f]. After
refraction at the 'rhic.r‘olené _element eurface, the angular spread, %4,

25 inside the substrate is' given by n.eimS = sin y. Again considering the
centre part of the microlens element, and,' for simplicity, the centre,
gfeen, beam, this light musi not spread out further than one 'display
element. Preferably the light must be with‘in the open erea, a‘,. of the

dieplay element so the relation a/2t>tan & is obtained. There are



25 m crol ens el enment onto respectively.the (n+4)th and (n-4)th

di spl ay el ements. Blue and red light is directed '
Jespecti vem?s{%oéugi splay . el ements imediately to eit e?SI%(llﬁﬂe of
the central, nth, display elenent, i.e. the (n+l)th and (n-1)th
di-splay elenents by the (m1)th and 17(m + 1)th mcrolens el enments

as depicted by the ray paths:-shown in WD 96/.02113
PCT/ | B95/ 00495 : 1

Figure 3. The apRgREY nfdre cothpiek rbidiﬁ;nsif?)r e 'éfit@;&ht?é'beaﬁ@_?hnlﬂis fﬁbge@é her

display elements In the row by the mcrolens elements in simlar shion.
The ot her rows @f maxipueysebsinatet thickness| thatican be tolersted witheany gieen

In this enbodi ngnt herefore.  the angl es between the red, green 5.
and bl ue nodul g-??d"%ﬁ?&fﬁ‘*'ﬁéﬁ%""f‘?cﬂﬂd?ﬂ'_ég‘ﬂ_ahé!”efé’; as defined by their
centre lines, are nqWegpewer ofitha mict6lens8idindne! wihieHisSsRifined by its

Conpared with the enbodi nent of Figure 2, the angles are |arger so
that at & di st anediusafgurvatyrendor cefraativer indexgrofile imthencase ofigpadient

o ane paraltel TpTIehERAY. M Gaed 6 RAMRT uie v WhicH Ble ot 2 Ebiasrizd ofo
in Figure 1, angh@iicrolehsalament! IhhSardiceldrlitRe TR0 A thehextremiecst ey

l'ens then absorbs unwanted colours and allows only light of the correct
col our to pass Suiceiens glementsdnysipasa thraugh somenpardiof the ecowect display

oo b0 Blerh Al Sifad BGRR, £5: et B U8 then
substratg thi ckiie powert B the hiibralans eRimémt S6uldfbé BacR that thd extfemd
| : rays are refracted to cross the centreline at the centre of the display
element. This means that the focal length, f’, of the microlens elements
is approximately equal to t/n. For this condition to apply to all three
beams implies that the microlens elements have a flat image. This is
15 ~unlikely to be the case, so a compromise focal surface is needed that
departs slightly from the above simple 'relati_on. Assuming the individual
- microlens elements touch each other and therefore have a width
substantially equal to _fhree display element spacings; then to a first
approximation the angular spread, ¢, in the central beam passing
20 - through the liquid crystal cell is given by +[tan{3d/2t) + J). The side
| beams will have this spread offset by the angle 8. If the light beam
emerging from the collection optics, 11, is not substanti_ally collimated,

" the above equations need to be modified slightly, but the overall result -
can be found that the-light source is approximately imaged on to the

25 . - display elements, with-a magnification small enough that the image falls -

| inside a display element. |

- The maximum angle, ¢, for the centre bolour is _[tan“(3d/2t) + 4.
The minimum angle for the side colour is B - [tan''(3d/2t) + 4]. Even if

é is almost zero, € is greater than g8 if adjacent display elements are



bot h enbodi nents can be nmade quite small. The aperture of the

projection Iens 30 is determ ned by this angul ar spread.

brief matWOMO2HI| expl anation of the optical design criteFCHIB008

t he projection systens of Figures 1, 2 and 3 will now be -given.

In Figure 1, the three dichroic mrrors 14,4gl5 and 16 are arranged

with a small angle [err]/2 between them so the centre [ines of the R G
and B illum nation beans after reflection are at an angle ato each other.
Referring to F | & ) 5
curved surfac egg%q ?%h@e?nager% ngr?gu?se'l ée(?rg%?'gﬁ%gﬁf I?'égleb\é gﬁsa‘gbﬁﬁjg‘y%'iérhe'r gf

of any m crol eggeryl sthienidispisy elenherttsisiconsitieréd cés irothd \Cass 166 Figure 3% of

t he panel 20 so the light that passes through at this point is only

devi ated due t@PYIdeasiybedessthamfeso less tatinal! the brains waeld eyerlan.i ve
Ladex of L1ne SEYYdidY fo Wb/ tdtirth diBldy, ad iR/ th3Ldsd"of AYuRES, Bfe BBAMsC,

PCT/ | B%/ 00495would never overlap if 6 were within the limit given above. The afigles
gi ving an angleéa err] between the centrelines:-of the_grekgsn beans, and each

of the two, r Foe Bresnversely RIERREHGNAL itadherrorabined sybstratgand {ensi n[ err |
= sinferr]. | fyfickiadsne, Ui é\%r@fdersﬂ%b@ﬁﬁ{ﬁirﬁis%ﬁ Wﬁﬁ‘é RidintiniRgt he

m crol ens el enent, and d I's e spacing o e I ndividual display g _
el ements and ifheiinequalitysa/2¢>itan This iniplies thalt the limiting cdsenis aValment
onto the two dj spl ay ' to either si central,

el ements i nmedi at el of the
green, displ ayfq:!I‘-k%‘\‘t‘)httl‘ﬂt Ginagaiet the l@%@&ﬁ?wt?ﬁpﬁgﬁlﬁ‘bﬁl%ﬂﬁ@ﬁent s
as in e case -%@é} : I
_nmust sf’f?i sfy t%iie)5 rs E@?Fo taﬁméﬁrﬁggﬁlﬂ}%hﬁzs@ 'g'\reﬁgeélw\aﬁ%bfﬂfggﬁfncergs of

desirable. If in the projection lens 30 a straightforward condenser lens,

as shown adjacent the output side of the panel 20 in Figuré 1, is used
at a Numerical Aperture (NA) of 0.7, and the panel 20 has a diagonal
of, say, 75mm, then a 1mm arc length would give a beam divergence
16 of y = +0.550, If the open part of the display element has a
dimension, a, of 40y, then the substrate thickness could be up to 3mm. -
Assuming a 50y centre to centre spacing, d, of the display elements, 8
= 7.6cand € = 1.40.. '
It will be appreciated that various modifications to the projection
20 system are possible. The light source could be a metal halide or xenon
arc lamp but other light sources, for example, a halogen iamp, can be
- used as mentioned in EP-A-0465171. Also, it is not necessary to use
a single white light source together With a set of dichroic mirrors to
provide the three illuminating beams. Instead, separate, red, green and |
25 blue light sources may be employed, as is also ‘mentioned in E.P_-A-.
0465171.
The LC panel 20 is preferably an active matrix panel using TFTs or
two terminal non-linear devices as switching elements although a simple

multiplexed panel could be used.



10 substrate-and a given di épl ay elenment spacing, the angle [err], and

hence angle a,.is uniquely determned. If howeygf

- ,Si de beans wossloil% pass through the next but one display e?en’gﬂgs‘)&\gg in
Figure 2, then tan [err] = 2d/t. Passing through the third
di splay element is not viable in a 1ohr ee..col our system but
passi ng through the fourth di spI ay elenent, as ' in Figure 3 would
gi-ve tan [err] = 4d/t. . The thickness of the substrate and

the display el ement Vﬂﬁﬁﬁé‘glﬁ?rent kinds Gﬁﬁﬁc%iﬁn?ﬁﬂrﬁﬁig?&%é&f by ikl

whi ch depends on the sprea ut the centreline in
t he beam of any iabelcatlbnaechﬂ‘lnues icantber used; as dxscussed indtRARDAGB13Y. tihe

7 P ) R i R o
light source, i %9lﬁﬂriﬂaﬁﬁﬁcn@leﬂ gléhtents e'x%eﬁﬁln? Ip'afalie'\‘%oldrﬂﬁ%né%?é‘éﬁ be

enmerging fromthe collection optics is substan l'y collimated, then the
angul ar “spread, ysed whibk mqalressthgt tbe dojuinmsr T display [e#gmg;ntsACompnse

f t t th th d ,
st de the substBSPBCHES EPDLFS SYPTFricaHmistpfens Bt ainddiliRRecanBblAL: | o
the - Cedthéxdyirial fdrmiat8 may beused, EA@RAL eléibnt bWérl fhgﬁ' reu Y,

the centre, green, beam this Ilgh must not spread out her.

t han one di spl ayof three adjacept elementspiSherical ienstelemenhal owgltheetmemnn t he
>

ngp] air gaob? ai gLIH%ehshgrsg ggl!gd d,gl!ta_ grra&dg f{Sg%lguhredl'.rsgllaeltélgrr\lle%észlt Lan

PCT/ 1 B95{{00495 ysed. 17

slightly nore conplex relations for the off- centre beams. Thus there is

a maxi mum substrat e Eroneaading: the presenp dischosurg: other medifigatipnsewill be

apparent to persons skilled in the art. Such modifications may involve

t he

- other features which. are already known in the field of colour liquid
‘crystal projection display systems and which may be used inste_ad of or

15 in addition to features already described herein.
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di spl ay el enment spaci ng and angul ar spread. The power of the
mcrolens_el enent, which is determned by its 5 radi us of
curvat ur e\ ({’UF’ZF’éf ractive index profile in the case of gradiCafiBIsi0049s

i ndex | enses), is used to control the rays which aW of
the mcrolens elenent. In particular, the reys at ne of the '
mcrol ens el.ements nust pass through some part of th |
"element. If all of the beam spread tol erance, [err] a“\m“mmhen 10 -
t he power of tg:_ Wol ens el ement shoul d be such th Lextr'rr efe *

ed to

rays are refra cross the centreline at the centre of t he di spl ay

el ement. This neang.t haA colsurfliedd chystal projéctiorPdisphfy $ysteRl SormpALRGENt S
i s appr oxi matel?{' equal to t/n. For this condition to apply to aPI t hree
g

beans inplies @ wctwsmlmpblmweg@rfem and goluran grray ofdigplay viereents 15

unlikely to be

departs slight f&rhfrogﬁf%? Hgs@org\}é(ys;rgérg ege"'%??gh'w%si'ﬁ‘ﬁ{‘irﬁ‘%"ﬁﬁ?ﬂ?% Wdual
m crol ens el errdinéstmg)uhreeadﬁremhthrcwde‘dﬁBglelf filumihating cbedrds lonto the
substantially equal to three display elenment spacings, then to a first

appr oxi mat i on PARelSUeh ﬁ}at§bpga§e “['%'F’P[‘t OP#hﬁr@’@ﬁt%Imﬁw‘Wﬁhﬁﬂﬂﬁ 20
Sige o "¢ 1 AeCudigiIhB'ndifh belr BlolAled Wit Bdniiblek Bt arlo b | TN

'|'ight beam slde for efimyctingo the Othrbbedﬁtdrbnttcdlﬂumotdfcinpuilhghﬁ onto

substantially collinmated, t he above equati ons.need to be nodified
slightly, but reRPegYEe 8ets (fsthe d'splav elemeratanmbtéwer atray. eash mirgolengnt

source,|s apprgpé E‘A\)érW%g? 8( {H}‘ée%ﬁséqlrg e!emghfs‘?lé’?*il %gﬁ%@rgﬁai W th

magni f B cation small enou e | nmage spl ay

el enent . lens for colledtireg ﬂwdrspiayaogtmrt f['mnrthe ﬁamel ahd prefettlagahbour is
[tan[err] (3d/2t he m nj he si col our

glef
is [err] - [t afd %Eh’ﬂ[m{t@ Snjo a scEpen. chargeterise in that the é)@qt'é’“él £ zero,
e is greater tfigeldifélentiy- @ﬂbﬁféﬂ‘ﬁluﬂhﬁﬂxﬁg BddrHE HcidéhitSon the panel are

selected with respect to one another and to the microlens elements of
15 the microlens array such that.at a position spaced from the_outbut side
of the panel the three beams pass respectively through substantially
spatially separate areas and in that filter means are provided at said
position fbr removing at each area light of a colour other than that of

the beam assobiated ‘with that area.

20
2. Acolourliquid cryétal projeciion display system according to

Claim 1, characterised in that the three beams pass respectively through
substantially spatially sepérate areas in the aperture stop of the
projecﬁon lens and in that the filter means is arranged in the region of

25 the aperture stop..

3. A colour liquid crystal projection display system according
to Claim 1 or Claim 2, characterised in that each microiens element

directs light from the two illuminating beams to either side of the third
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used for E%%?’R?’é% col ours, so over half of the beans woul d overfs%o‘wslf
every other display elenent is considered, as in the tase of Figure 2,

[err]- could easily be less than [erqr], so Ie
‘beans woul d overl ap. By going to every fourt m“ﬂa[‘gim‘z“‘“ ﬂ‘ he .
case of Figure 3, the beans.. 5 woul d. never overl

the limt givenjighangtin n%%%aﬁﬂﬂreﬁ h respectlve n{iﬁgfa]y AABFhehts £ efther hi'a\éeéfsel y
proportional to the conbined subs rate and t hi ckness, t.

is therefore deene dlﬂp&ﬁ\tdemntmhmghwmm&ghtﬁamahmtmgi |I|ummat|ng beim

i nequal ity a/2t>t T S | |esthtt eI|mt|n ase a val ue
for t such that! tﬁge{:f?é{;&"?ﬁ FF@DEBBH? disp 'E?“'ﬁnaﬁﬁ'r @Wﬁa'a&ﬁ'é’n ar ea
10 of a maa;bgeﬁt smlagy,nglcﬁgﬁag, elémanl | arc si ze corrpact llanp is
therefore desirabl e. In the projection lens 30 a

strai ght&¥ orward condenser |ens, ' as shown adjacent the output side

f th | 20 i i N | t NA
o b5, P! he panki 25 rdlout hgiEiixstal projectiof tisplay SrarerRsAAraNGds o 1

mm arc | ength woidigh E'é’l@ar%cﬂ#%@d%%%ﬂﬁﬁﬁ?fr%ﬁl the tw@fuuﬁﬁrﬁahmg Beéﬁk%r]
| f the open part of t he di spl ay el ement "has a di mension, a, of

40[err], then teighenside rcdttbetth rd lhurpinatingl beare isi plreota‘mmspectlvely to the
Assumi ng a 50[err ntre ta centr cin he di spl a eIe nts
[err] 9 [ e’lﬁ%g'fe?% @ﬁ@ayeFﬁné}%ﬁ ﬂﬁe? nger side of SaIB Xe ‘i’ Y | be

appreci gf ed t haglensgritous nodifications to the projection 20 system are

possi ble. The |ight source could be a netal halide or xenon - . arc
| anp but other |ight sources, for exanple, a halogen | anp, can be

used a5 et oned 8. S S BRERRAd Vit el em nl R BT e,

provi de the threghim 3 Usharattétisedsinthat light Aot tI§e PAbIANEmIk#Th tgpaém tand 25
bl ue Iight sources may be enployed, as I's also nentioned .in

0465171. either side Oﬂtae Emrgawgnlmmgsbmﬂ%dugcgedawesaeptlvelymm
panel u% NG TFTSe but three dlsplay elements to elther side of sald one dlsplay

L

element.

6. A colour liquid crystal projection display system according to
any one of Claims 3 to 5, characterised in that the microlens elements
20 of the array each overlie a respective group of three adjacent display

elements in a row of display elements.

7. A colour liquid crystal projection display system according to
any one of Claims 3 to 5, characterised in that the microlens elements
26 of the array each overlie a respective group of three adjacent display

elements in a delta arrangement.

8. A colour liquid crystal projection display system according to

any one of the preceding claims, characterised in that the illuminating



two termnal non-linear devices as switching elenents although a sinple
mul ti pl exed panel coul d be used. WO 96/ 02113

PCT/ | B95/ We9$82113 PCT/IRY5/00495
Various different kinds of mcrolens arrays produced by different
fabrication techni ques can be uggd, as discussed in ' :

t he above descri bed enbodi nent S?Ea m crol ens array hMémﬂmﬂﬂﬂ" l”“l
cylindrical mcrolens elements extending in parallel €oluniw e &an*be 5°

aspecti ve canBare coiaes iy e Y ks BRUTH o6t STRRN WO Tan oo o

or hexagonal dpfitting StherwHite Uight . infRafrde HifferetitesélodY eéompBaeRtsItOUD
of three adjacent el enents. Sg;erlcal | ens el ement allow elther three in

line or a so-pradued said thregrditiprentiy-coloured illsnipatingi kgams. el enents to be

10 used. From readi ng the present disclosure, other

~nodi fications will be apparent ‘to persons skilled in the art.
Such nodifications may invol ve - other features which are already
known in the field of colour |iquid crystal projection display

systens and which may be used i nstead .of or 15 in addition to features
~-already described herein. : L -
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CLAI M5 1. A colour liquid crystal projection display
system conpri si ng a liquid crystal panel having a row and col um
array of display elenments fo légdulating light to produce a

di splay output, illumnating neans for f5 ' directing three
differently-coloured light illumnating beans onto the panel such
that they are incident on the panel fromnutually different )
~directions, the panel being provide J T t i nput
'side for directing the three different | ours of input |ight font
respective sets of the display elements i\ the arrgy, each nmjroldgns 10

el ement overlying a group of three display\ el enent and a pyjoj ection
|l ens for collecting the dirsplay output fr t he panel and 0j ecting the
di spl ay output onto a screen, characterise@\ n thatjlthe digfctions of the
three differently-coloured illumnating be i ncijdent oryAhe panel are
selected with respect to one another and to'\Re mjdrpl ens/ el enents of 15
the mcrolens array such that at a position\s ceq [from ¢¥he output side
of the panel the three beans pass respectiveh thyqughy gubst anti al l'y
spatially separate areas and in that filter ne ﬁ§ r§/ vided at said
position for renoving at each area |light of alc IF rsofher than that of
t he beam associated with that area. 20 \ / %/ A colour liquid
. d

crystal projection display systemaccording to\ aiml,
characterised in that the three beams pass respadifyely through
substantially spatially separate areas in & top of] the
projection lens and in that the filter neans is ed in the region of
25 the aperture stope A
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3. A colour liquid crystal projection display system according

to Caim1l_or aim 2, characterised in that each m crol ens
directs | iwg‘sf%?blﬁ] the two illumnating beans to either si dé’%&ﬂﬁ&e‘"%i rd
WO 96/ 02113 '

PCT/ | B95/ 00495 02! : 21
illum nating beam through respective _gay el enments to either side of
. one display el enentthrough which light fromthe third illum nating beam
is directed which respective display elenents are not inmediately
adj acent that one display elenment. 5 4. A colour liquid
~crystal projection display systemaccording to Claim3,
characteri-sed in that light fromthe two illum nating beanms to

ei ther side of the third illumnating beamis directed@Nspectively to the
next but one display elenents on either side of said oneedisplay 10

. el enment. - b, ‘A colour liquid crystal(ﬂ?ojection di spl ay
" system according to E Claim 3, characterised iﬁ:;hat light fromthe
two illum nating beans to - either side of the third illumnating
. beamis directed respectively to the 15 next but three display
"elenments to either side of said one display el enent .
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« 6. A col our

any one of Clains 3 to 5,

.-of the ar

liquid crystal

“elements in a row of display elenments.

liquid crystal
Clains 3 to 5,

crystal
precedi ng cl ai

proj ection display systemaccording to
characterised in that the m crol gmbgennd s 20
”@Hﬁﬁ<mmnlie a respective group of three adjacent display

7. A col our
proj ection display systggyﬁscording to - any one of
characterised in that th ¥crol ens el ements 25 of
the array each overlie a respective group of ‘three adjacent display
el ements in a delta arrangenent. ' 8. A colour liquid
proj ection display systemaccording to any one of the
nms, characterised in that the illum nating WO 96/ 02113
22 means conprises a white

PCT/ 1 B95/ 00495

i ght source and a set of dichroic mrrors for

spl i ®™ng the white

light into three different col our conponents to produce said three
differently-col oured iIIuninating'beanB. (> :
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