: noe3eZN@TZ9C (r 0 4 MAR 2003 *166166* REFLECTI VE M XED- MODE TW STED
MNENVATI C LI QUI D CRYSTAL DI SPLAY The pfesent invention relates to reflective
m xed- node twi sted nematic liquid crystal displays, and nore partﬂpyhﬁﬁly
to such displays with an opti m sed tw st angle, polarises angle and 2003
retardation. Reflective-node |iquid crystal displays (LCDs) are known ' to
of fer various advantages conpared with transm ssive node sl I

di spl ays. Reflective-node liquid crystal displays have a l”mmmwmﬁm
consunption, are nore easily readable in sunlight, have a thipner p ile
and wei gh | ess. Transnissive-node matrix liquid crystal displayhith
back-light illum nation commonly use a 90[err] twisted nematic cell. Such
cell's work by the mechanism of polarisation rotation to provide the

el ectro-optic effect. An REEBESREVE MIZED-MODE, TWISTED |[NEMATIO! | ows t he

twi st of the LC directors. TheretopgipWeystAQirdraayt raversed the cell,
its polarisation axis is rotated by approxinmately 90[err], and the light is
transmitted by a crossed pol arises. Wen such transni ssive-node tw sted
nemati c cells armheengmteymat | tnveadid iRnt | ¥€l sl ays rafdetthvreghtixesismadd | ow
resolution result.. The poor hrightness . is caused by.the_|ight ssin

t hr ough t he croggkglﬁglaﬁeggglFmﬁéé?uéﬂd Fﬁ¥5?8g/r§%8P§?¥%h iggﬁaugggefrom
t he paral | ax whipgirtiisudaglyo tithesudh clneptaps whdshpoirar ppesmssed i nyibst ween
the 11quid crystalgee! bodd; L0e MNP GelbllRE on. . - 0 4 VAR 2(=3 2
Shin-Tson Wi et al” describe 1n the paper "M xed-Mde Twi sted Nematic Liquid
Crystal Cells for Reflective Displays", Applied Physics Letters 68(11), 11
March 1996, pageeflétli¥éShodanlidqpidVesydefl ettdpley@ode cisgplady Gabad a
wi xed- node twi sted n tic cell. A(%thou% t he arrangenent rorf‘)ﬁosed.b Wi et
al is advant aged®s 9 Fhal 25 CYSh AT RE HIBIRER é”’ggzﬁ‘d T HECET S he
par al | ax causednodeusliguid t cagstadsidisplayst ed Refdecticelhode hdiquid
arrangenment pro o] rovjde t pt.i e. e sent
invention is co%%gg \amifﬁfis Qr}ga\a/\%egga t%ge%eb?%gaﬁgﬁe&gﬁ%%'ec-glévgg&g

m xed- node tw sted¢idenaeiadablguile supdtightdi dpvaye. thiooedi pyofdlehand
present inventi Qrilmenggks provided a reflective m xed-node twi sted nematic
liquid crystal display having a twi st angle of between 67[err] and 83[err],
a polarises angle of between 5[err] and 1lla and a retardation of between
0.18 and 0.28. Thengaliasisesmodd! enatixSulighid ftlage aiPplawd i tid tof
ranges suitably from5[err] to 21[err] and from95[err] to 111 . In one
arrangenent the Rafkstigh§l e ildunrsnakign F@MINLE K158 | s arfgiietes

18[ fer r] blt 3[ ?Lr]rte@da(itit:hecnfﬂt.?r d%SQEhi %e?.-rll_?s5 w<|9r19_3by| nt}{eb: ﬁeéhéﬁg?ﬁ”%iﬁ '
preferably, e st._angle is err], e polarisées angle is err] an
the retardation Roglaﬁ.lf .tgPﬁ afota F‘Oﬁrréﬁger%ﬂv,ldﬁhe thG ste LR 1P S err]
t 3[err], the pdffidctes angliacomilg erirearldy podarhisedel dghiat falldws Ghal

0 4 MAR 2003 3 +« | 0 thi r enent.. pre th i St gheds
70Q the polari ggg'%gng fe ?18138%5‘:61?]8&%%0;&.% déﬁlé%%h?%e'o'g&&m ?\'&gﬁfqur Paner
arrangenent, thenmanessedndghe ic®180Qits3[pmlerisaitdéopobxissds amdlaceds b6Q

3Q and the retardation i . 2 0.03..In. this, arrangenment referably, the
twist angle is E?(?@,rol’%g‘a%S?Xr igbsoec’s Ayt e tPE 1%’@%%dlghet’?ag{sérﬁtf§ﬁ%oﬁ€¥s %. 23.

crossed polariser.

Kl

When such transmissive-mode twisted nematic cells are
employed in reflective displays, poor brightness and low
resolution result. The poor brightness is caused by the
light passing through the crossed polariser twice, and
the low resolution is caused from the parallax which is
due to the thickness of the polariser sitting between the
liquid crystal cell and the reflecting mirror.

T
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The pol ari ses angle may be 98Q 108Q or 106Q each 3Q In each case the

et ardati ons nmay respectively be'0.21, 0.25 and 0.23. The opti cal 04 M

per f ormance of devices incorporating such polarises angles is simlar to éﬂl%]
identical to that rotation of the polarises through the above val ues m nus
90Q nanely on 8Q 18Q or 16Q pol arises angle. The display may conprise a
polarises, a liquid crystal cell and reflecting nmeans, and may be a
direct-view display. Alternatively, the display may conprise a polarising
beam splitter, a liquid crystal cell and reflecting nmeans. This type of
display is usually a projection display. Fér a better understandi ng of the
present invention, enbodinents will now be described by way of exanple,

with reference -t h c anying drawings, i.n ich, _Figure, .l is.a
schemati c diagr%ﬁ%gfﬁagﬁogﬁgl$§ Brac e%ﬁﬁé&ﬁ-%PeM/F%fP%%?lve%Pﬁﬁgrgog?ysta
di spl ay; a4 ~TwWiisOadf Nemdigur d.iZuiid aCsyheaht i Celisagrfam ofRed leortiwmEl vy
white projectioR; tiv i CUH a } 3 ¢ Agur e
definitions of Pﬁ;g%ggﬁ 1é§§%ﬁgﬁg|§§%§§§ %ﬁgfgp%gqagf%%kéglﬁ%ﬁggﬁafggéd
nenatic |iquid BRJEFal LH 3Pt/ Fidgur émBraveds %eblesttioremeder ddirphay

agai nst integratedleef heatiraaemade atyiveye! gagihsc ofe Bl di splajoageordeng to
a first enbodi nent _of the present 'nvention,fﬁhere the tw st angle Ls
76[err], the pofaFfReE YNy RFTROSEET & 'aft He el AGRCIE 6M25M2E gure
5 is a plot of Letadmgpabven dge rstigeneisk dWid/ ébimbtatradat tha yaraafasgn for
the first enbod] t he. prese [avent.i an;  Fi_gur.e LS o]

wavel engt h agai%g?gé%?é%c%gh@% ?cﬁgiﬂ' HSplg% gﬁﬁf%gdfng?%égbggg%én%h%f t he
present inventi dnrafrgeuert 7 prengsedhf fdodon"not anprevbde cukhes Pptimhmee
colours for thepgdigplpyndecording to the first enbodi ment of the present
invention; Figure 8 shows a plot of retardation against integrated

refl ectance at all wavel engths for a display according to a second aspect
of the present ThyepiregentWhglvenithent WSt caRgkenéd Altdr rimptdieimpl aréses
angle is 8[err] ang the retar atigg iﬁ.O.Zl',Fi ure, 9 is.a glot of .
retardation agabnstORES | Wy TESLPEF AV Rat M HeYIq9s | &Y iP5PY hBSERELRd
enbodi ment of thequid Soypyrasdntdiispyentsion; 0 4 MAR 208 Figure 10 is a plot
of wavel ength agai nst reflectance for a display of the second enbodi nent of
the present invention; Figure 11 shows "off"-"on" transition curves for
three col ours fAECO¥RinG spP afhacosedrny tiovensisacdherenbiodi peoitidad tae
present inventipp;)&Owe Id @loWsqa PERLs Ol elaAald 0N 139aunst{,gtegr at ed
refl ectance at all wavel engths for a display according tothe thitd

enbodi nent of t@ksplasehavimyeat tomstwaagdet ef thetsreamgb e iand0Bars]a, the

pol ari ser anglepéfagfgégrgnéygj&%h%eksgggdgg|§ghlng}2§hd a retardation

of between 0.18 and 0.28.

The polariser angle may suitably comprise a plurality of

ranges suitably from 5o to 21o and from 95¢ to 1llle.

In one arrangement the twist angle is 760 f 30, the

polarised angle is 18° t 3¢ and the retardation is 0.25 %
0.03. In this arrangement, preferably, the twist angle

is 76°, the polariser angle is 18° and the retardation is
0.25.

In another arrangement, the twist angle is 70¢ £ 3o, the

polariser angle is 8¢ * 3o and the retardation is 0.21 ¢



Figure 13 is a plot of retardation a?ainst sensitivity to retardation
varidtion for the third enbodi nent of the present invention; Figuhq ﬁﬂREdﬁ a
pl ot of wavel ength agai nst reflectance for a display of the third

enbodi ment of the present invention; Figure 15 shows "off"-"on" transition
curves for three colours for the display according to the third enbodi nent
of the present invention; Figure 16 shows plots of "off"-state wavel ength
agai nst normalised reflectance for the first, second and third enbodi nent's
of the present invention and three conparative exanples. Figure 17 shows
the "off"-"on" transition curves for 0 43MAR 2003 6 three colours for the
display of a first conparative exanple; Figure 18 shows the "oft"-"on"

transition curvesghor tiy e&licsoléiltlzra%gfeﬂén@,d'ﬁ%_@'ﬁ_@)ﬁ'agiy,a $RE0RM 1S OMRALALI Ve
exanple; Figure 19 shows the "off"-"on" transition curves for three~colours

for a display ofisa7tOhjr ttheopphaaisere anrplis 9 »eedt Mmive nesagtded inemasti ¢
liquid crystal giﬁglays may be used in a direct-view or projection
configuration. By“adjusting the cell paraneters, both normally white and
normal Iy black cells can be obtained. The normally white/black direct view
application usi a single polarises corresponds.to the normal]l -

bl ack/ whi t e pro?gpfﬁO%Péhﬂﬂ'(ﬁﬁ§Qﬂ9ﬁmﬁpﬁg & IS?%%?n%nﬁgﬁn%gp@P¥térq Fi gure
1 shows a schemahic gd1aghiagrofangeenalsl yiddl acksdi £egt e Mbewekathgetbye ki quid
crystal display. However, it should be understood that direct-view displays
do not have to Be2dofmilPy- bl &BkCRiY YsrARIRATH RESLCME i s 58y tHofpri ses
a front substiabfele a;8i NS PhR!| 563adisbiGUAAGEEYSIAl foaNdnd I €Ab
substrate 7 haV|n8 a reflective coating t her eon’ ?nC|dent light is linearly
pol ari sed by theepardatse’ 85 Q.R23%-he "of f" state, the twi st and
birefringence of the liquid crystal 5 induce a 90[err] change in the state
of polarisation of the reflected light. The reflected light is subsequently
bl ocked by the BbeapPiesisehi ahgpe ovagebead8ar k108, 106°r heachnt Srate,
the state of the_palati o] f LaCk t_Li.g I apge d the
0'4 VAR 2005 1 oP| SRehghren i, SR Rsag i ey OteebSeRBrREPDA0E 3L 1o
produce a brighf-2hmgandFi u? - 1 Breowonfoidnlt hoexfrmagag " 64" SLHLESS
Figure 2 shows ans6hgoB4tLndli @%ﬁmpma%iwmghﬁlm ti P5Qn€LsENGo or
reflective I|quLg cr stﬁl dlsglay. Conpar ed mnh thi arrangegent of Figure
1, the pol ari ses9nFECRepFackidhi FREAT 1 aPf sFRG BEAAFSPPFt FEFO9IR HoRRver,
it should be undgsséopgh &aim Y @@E;Oﬂaﬁéﬁglﬁy%go 180tohave teiheigeemal ly
white and use a plolarising beamsplitter. The angle of the liquid crystal
director to the2pdglarising beamsplitter 9 is the sane as the angle to the
polarises 3 in Figure 1. Incident light is polarised linearly by reflecting
off a cube pris ol arises conprising the pol arising beam splitter and
is directed to Ehg FF&B?BYCF?gtﬁomﬁr i éh P%f%FkF me? a lﬂﬁéleﬁﬁﬁgal
crystal S of theeFlLgurel lraflacgempnimeahbe | agdt nasy r bél ext ed reatkvigwt he
rear substrate %i%gf%ing a reflective coating, which is the sane as the
rear substrate he Figure 1 arrangenent. In the "off" state, a 90[err]
change in the state of polarisation is induced in the light reflected from
the rear substrgig d; f l.gct hght 5g¢§% & 1Eheual HAsm

pol ari sing beam s ????eg?e%’i_gﬁ%praoghgg gégrl g J|§rr1518i(331%)c%)’n a_Lsclr ee? 11. 1In

the "on" state, t edo ri I :

h sphittent e2ofl igYLdr cgy6i8h SR lilheaandfretlest ingHpeans
unchanged. The th0bttyse SIbHGHAY ¥ 8548C1 @ byrd - diraiiSbldyheam
splitter back in trme%ﬁ?ectiogﬂgT&ihe inconi%g p?gﬁ?sztherebybprgducing a
dark inmage on the screen 11. Figure 2 shows the arrangenent for both the
"of f" and "on" Boat es. bettehoulmidretaatiedgt haf tthe nporesdnhty dhveatihode

using a pol ari sLfig, bR SPI e oA BehESc DEn ML PURE, It Lafible, GutnMAR

reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a normally black

direct-view reflective liquid crystal display;



8 view applications. The discussion bel ow assumes a nornal |y mhiteU@ihﬁiww
White in the "off" state) projection display. In a nornally white

proj ection application, the brightness of the "off" state is dependent upon
the birefringence of the liquid crystal. Therefore, precise tuning of the
cell parameters is inperative. The present enbodi ments seek to achieve (1)
maxi mum contrast, (2) uniformty of response to different wavel engths
(broadness of band), and (3) insensitivity of response to cell gap
variation. In both the direct-view and projection configurations,
uniformty of cell response to different wavel engths is inportant in col our
sequential applications, where the signals for three colours are

mul ti pl exed in ti our. seq tial. appl.ications. requj e s

broad band cell%kgﬁrﬁfﬁ%rlértanggg -%%ﬂ% WSt ed ﬁ%%a?icﬁ§$5%gﬁrc%§g %I

di spl ays, perfoprabeetisnveeflamnyiet liguid vuy$sarl ohissplewhe cell gap, and
this is why it is particularly inportant for the enbodi nents of the present
invention to provide ingensitivity of performance to cell gap variation.
The retardationfé&fuie| i ui Wy sttale dAspiajtiensefPhed st h@glEduefdof
cell gap and bi pelarngencengiect herl hquidearnsddl twkkg8dendmabows 1ikeid
definition of the tw st angle and polariser angle paraneters for a

ni xed- mode twi st® Sﬁiﬁaf+ T%ui d crystal display. The twist angle is the
0 4 Mp,~ 2003 9 difference between the alignment directions at the front
and rear surfac t he .m xed- t WS (1 l; ol.ak| gl e
is the angle be?%%gﬁetﬁesgkﬁgnﬁggﬁgaiﬁgc%%%ﬁggg%éhé %géﬁ sgufﬁggggéFg?he

m xed- node tw steflechande zkeldllanmvuelengshsar cfar giisalay. atgoadhngyveo
insensitivity of rresBeNddimehar dat iR VarddA©OninfePeld 0 MRRNEL: MERSUT €

i s devel oped The retardation is allowed to vary for +0.01 and the integral
di fference betweehsthanghe risspénse tber \pedardseTo agicevies | h8emsid i they of
response to ret L on. variatdy .a performance neasure is devel oped. The
retardation is g%f%%%éﬁ%%?Vﬁf&*?@f 0.01 and the integral difference
between the two response curves is obtained. Let Rr([err]) be the

reflectance of fheutdDs 8 seppsdals OfbdardRATH @dadhsvauehsndihicy  toe
define 700nm = Fg ~ %%d7~ ~. =400nm as a neasur e of brlghtnesscﬁ% %Qg
n

"of f* state. ThESSRFRALIQR ¢ JabiakiRiet £9F (¥ of HRAL e STHOPEREPHat

vari ation at a pessgéent avdradimndati on value is defined as ,fi(r)=I~(r +
0.01)-~(r - 0.01) Notice that for the "off"-"on" transition sinulation
reflective node with one single ideal polariser is used to enmulate the use
of a pol ari si ngfFhpare sl istarpldhict resdltength agadpsitcalefilpvbastenidédar k

state becones bygighigsand, vi VElSa)s; LRI e goahigutat pens have besd,
derived which g%ve d%gdgzof§$ state:%#ﬁghtness an% "on" state dgrknegs,
insensitivity tb"YeRB¥Yurion variation, and excellent uniformity in
frequency response. They are as follows: ( 1) 76~ 2~ twist angle, 18~ 2~
pol ari ser anglefiéﬁgk 7 shows "off"-"on" transition curves for three
colours for the display according to the first embodiment

of the present invention;

Figure 8 shows a plot of retardation against integrated
reflectance at all wavelengths for a display according to
a second aspect of the present invention, where the twist
angle 1is 70°, the polariser angle is 8¢ and the

retardation is 0.21;

Figure 9 is a plot of retardation against sensitivity to

retardation variation for the second embodiment of the



0 4 MAC 2003 10 0.25t 0.02 retardation(abbrevi ated as76, 18, 0. 25node) ( 2 )
70~ 2[err]twi st angle, 8~ 2~ polarisérangle, and0.21t 0.02
retardation(abbreviated as70,8,0.21node)' ( 3 ) 80~ t2[err]tw st angld, MAGG]
2~ pol ari serangl e, and0.23 0.02 retardati on(abbrevi ated as80, 16, 0. 23node)
The 76, 1S, 0.25 node (1) For the 760 twi st angle, 18[err] pol ariser angle
node, cells with different retardation (0.20-0.30, 0.01 step) are

sinmul ated. Figure 4 and S show respectively [err](r) and

| ~(r+0.01)-~(r-0.01)I. FromFigures 4 and 5, the maxi mumof ~(r) and the
mi ni mum of | ~(r+0.01)-~(r-0.01)1 occur at The retardati on value 0.25. This
retardation value corresponds to the maxi mum"off" state brightness and

m ni mum sensi tiyiddedo RlAkdahion variation according to the above
definition. Figure 6 shows the plot of wavel ength agai nst normalised

refl ectance for the 76,18,0.25 node, Figure 7 shows the "off"-"on"

transition curvespid 1ohast Ar geovey el @ngd hsn AHDMa ins@N ke £ 286 SR MNot | ce
the optical inversion .in Figure 7. The 70, 8,0. 21 node é%) Fé%;_ures 8 and 9
ar [

show respecti vel y TSBHYan@t ~EP20. AT - CRPAALIMERE ¢ RT3 Hes
0.15 ¢ r ~ 0. 25inwntohserve that the nmaxi mumof c~(r) and the m ni mum of
i~(r+p.01)-~(r-0.01)1 occur at the retardation value 0.21. The val ue
corresponds to maxi mum "of f" state brightness and m ni num sensitivity to
retardati on varFigumn htcehdwag 'pdfoufonti tternaitkFoguceryessifons thmwee 0 4
MAR 200 m wavel l{]_,sagafgft p'_gél ea&lgﬂ_:%%pl Q&:ngai;&ge_ gyl esggnt §éc§c%rﬁi whi | e

Figure 11 shows the "off"-"on" trans N curves. tice the optic
i nversion i n FighdimentTed 8be1Breserst ngen(t3)Pnsi gures 12 and 13 show
respectively ~(r) and I ~(r+0.01)~(r-0.01)1 for retardation values from 0. 20

to 0.30. we observe that the maxinqum of. ~(r) and.the_m ni num of

| ~(r+0.01) - ~(r S%‘%q q@crﬁ%ﬁpwé‘t & Wg%Fef’zgr &%[tiaé' a§iPle282 535 hnF R FGH ¥ ponds
t o maxi mum " of fr'e Kiettanoe ght aés swarsllengtimaificsersidisplay docoed@iglata on
variation accordj ; riiteria. Fi t v gth
agai nst refIecﬁgk%gﬂ%ﬁgiQ%%?%gﬁgngu#és%é%tpg%g%égm%ﬁY% ﬁ%ﬁ?gﬁi sﬁ%&g t he
"of f"-"on" transiistoremglievess BOP|, cehtheolpibicalr iamg@esiien 16 Rrgurehel 5.
For each of the des . (1) to (3), the range of tw st angle, polarises angle
and retardatiCNF%£%¥4§§&9§rFédg‘%%Spectively, by t 30, t 3~ and 0.03
(rather than by 2~ 2~ and t 0.02, as above), and still provide superior
characteristics,; I Mt hec | I e C may
appear on the g e 13 AsssnBlebart AT R Sualng PR SR A W
Conpar at i ve ExaifilagsiaTiicae wonimaddlop kimwntbri sthiimg nexeed it nefattihe
operati ng nbdes, RS ihokheysn; (4) 45~ twist angle, 22.5 polarises angle,
and 0.32 retardation (abbreviated as 45,22.5,0.32 node) (5) 60~ tw st

angl e, 30~ polarises angle, and 0.35 retardati on (abbreviated as 60, 30, 0. 35
nmode) 0 4 P-Aigup03412s(8) pPot dMwiveARglgth 2Gaipetaré Shéctagiee,fand

0. 24 retardatiqn bbr.evi at ed 90, 20, 0. 24 e) Figur shows_ pl ots of
"of f" state majﬁlelﬁFHaggaP st%§8rn§ﬁ?§gd ?%gggﬁ%%ﬁ%e ?gr%ﬁﬁaeénffg¥§é)
accordi ng to thewvgngdent; i nventi on and nodes (4)-(6) of the Conparative
Exanples. In Figure 16 characteristics of node (1) are shown with circles
"0"; characteristics of node (2) are shown with solid line "-";

characteri sti c§ignrRodeS (8hows e"ghbin" ot t htaansébion ngurves  for three
characteri sti cedQbuFRdeor4tnar &iSHONn addrdanigebSkiie” third Namined Sidritt | €S

of node (5) are shown with crosses "x"; and characteristics of node (6) are
shown with plu®sitfspresent invention;

Figure 16 shows plots of "off"-state wavelength against
normalised reflectance for the first, second and third
embodiments of the present invention and three

comparative examples,

Figure 17 shows the "off"-"on" transition curves for



The nodes (1)-(3) are superior to the nodes (4)-(6) in ternms of higher
uniformty of response to different wavel engths (broader band) and

bri ghtness. The reflectivity of node (5) reaches the peak at aboum45ﬁ%@

but is very col our dispersive. The nodes (4) and (6) are not bright enogg%.
The follow ng table shows the neasures ~ and ,~ for the "off" states. It
can be observed that the nodes (1)-(3) are superior to the nodes (4)-(6) in
the sense of smaller sensitivity of performance to retardation variation.-
Figures 17, 18 and 19 show the "off"-"on" transition for the nodes (4)-(6).
It can be seen that nodes (4) and (6) are fot bright enough in the "off"
state while the node (5) is colour dispersive. 0 4 M-~ 2003 13

MODE( 1) 76, 18. 0. 29 9 7Q,.8, 0 755%0.13 8 . 0498
0. 22580 4) 45, 22. 563251 Bi4%0, 40bo(Er60 T0 03531, 781313730 BRA0 2078, 2425
. 22130. 2734 The©&8MBUP$ used in nodes (1)-(3) according to the present

i nvention, and in nodes (4)-(6) of the Conparative Exanples are 450nm

(l'i ght bl ue) 550nn1$ ur ée) and 650nnyégagk”blye). The present invention
may be particul SFPYTEpptY cEBPHSt o-her I'@EET Vel cridd®ir§HEyE oI HS efPrvi ew
or projection apphkeeateéonsurdM ¢oedispdagplaye sfald , sBeghdr eswipairagive

di splays, further _details of which can be found on web site

VWA M CRODI SPLAYTEEP One particular mcrodisplay with which the present
invention may be useful is one based on bulk silicon wafer incorporating

active matrix Wit refd ect, | dyqui d ystal .l I ei+:iBnd &g 0 14
CLAIMS: 1. A r\é\?ﬁgg?iev:ldm )%tg@{lﬁodﬂe}%vw cs)j(tfgd nglllnati C I}s&l}i_lgncré%l?%szdggﬁl ay
devi ce, havi ng &PFRFstCakRitEs offoBet dechi A-avan@£832, BhpEl aldFW@8rasdgre of
bet ween 5~ and &%impand a retardation of between 0.18 and 0.28. 2. A device
according to clain1€, wherein the pol ari ses angl e range conprises the
ranges 5~ to 21~ and 9 5~ to 111 . 3. A device according to claim1,
wherei n the devMtredamode t wwidteahgletmatfic 76iqudd, cay el hrdisyd agsghayobe 18~
3~ and a retar dggggn i%f ao.gic, CO._O3. 4. A device accoEd}lgg to tcjloai m BB
wherein the devPee hdd £t METCENGR ot 7850 bt hr FRRBST A1 &' Bt 18%¥and a
retardation of 8d2BstingAtdeviced lagroratiengrse datim dormvbkeliei white dedi ce
has a tw st ang - ~5 a ri.ses gl . 8= 3~ ation
of 0.21 0.03. %$?§$é%€iéﬁéﬁﬁto?§?%§ f%&blg€n1ékég_€§$ﬁ n_fﬁggdge%gégggs a
twist angle of 7biteldbhaflaridegeghgidas @rrdigadios: ardgdhBonaof sangie 7. A
devi ce accordi ngolercsa m kortvhepshds t hgodevike hasraal Myst HRGkewafit80~
3~, a polarises_angle 1 a retardation.of 0.,.23

devi ce accordinBr?gL%Féﬁ?né%pkéaﬁﬁig% PRéNgedi BR art?&P?wﬁf?fbgﬁqigtﬁﬁsAé

tw st angle of 80~, a polarises angle of 16~ and a retardation of 0.23.
Figure 1 shows a schematic diagram of normally black
direct-view reflective liquid crystal display. However,
it should be understood that direct-view displays do not
have to be normally black and use a polariser. The
display comprises a front substrate 1, a single polariser
3, liguid crystal 5 and a rear substrate 7 having a

reflective coating thereon.

Incident light is linearly polarised by the polariser 3.

In the "off" state, the twist and birefringence of the
liquid crystal 5 induce a 90¢ change in the state of
polarisation of the reflected light. The reflected light
is subsequently blocked by the polariser, which produces
a dark image. In the "on" state, the state of the
polarisation of the incident light is not changed and the



9. A device according to claim1, wherein the device has a tw st angle of
76~ '3~, a polarises angle of 108d t 3~ and a retardation of 0.25 4 OBAR 2003
10. A device according to claim9, wherein the device has a tw st angl e of
76~, a polarises angle of 108 and a retardation of 0.25. 11. A device
according to claim1l1, wherein the device has a twist angle of 70~ 3~, a

pol ari ses angle of 98~ 3~ and a retardation of 0.21 t 0.03. 12. A device
according to claim11l, wherein the device has a twi st angle of 70~, a

pol ari ses angle of 98~ and a retardation of 0.21. 13. A device according to
claiml, wherein the device has a twi st angle of 80~ 3~, a polarises angle
of 106 3~ and a retardation of 0.23 0.03. 14. A device according to claim

13, wherein the devic a. tw.st | e,of 80~, a_polarises angle of 106
and a retardatidn \gfc%.e%ilfg. Asdgg?%ée%c%%r]a‘?%@ FRE AN ho%ée o?(%c R 1 to
14, wherein the tdewroduce a brsghayircgri Filggra pokaprwsegotia theguiatf”
crystal cell andeflgotigpgeaeans. 16. A device according to any one of
claims 1 to 14, 0 4 1~AR 2p03 16 wherein the device is a display,
conprising a polarising beamsplitter, a liquid crystal cell and a

reflecting meangighte A rehd@st i VecReLOrd0dead¥hkt 6d ReMdrin@ 1wl te
crystal display substantially as hereinbefore descgibed %ﬁth reference to
and/ or substant@&Pﬂfc§§nﬂlﬁﬁé@?&?éﬁeiﬁlgﬂ§doﬁéyﬁFa r 3P Le¥nbi R§HT Sk
Figures 1 to 16wifcht hehacaatrpagygneittwoigFiguAd Ak, AthcA{® A ser 1 is
r.A A9. A Al . Aby

relabed WAt B Bo185 s i AP e n1icter 9. However, it
| wmhc”Y] ca] ca] ca caa]ccg] caj ca]acgfcgfﬁ%ﬁrbgd}{%ea%aﬁ%al] cae] ca9] cajca cz?]rda] ca] ca]
ca] cMa] cMa] cMa] shalhddabecahdatrstdeh thak prBjéction displays do not have
to be normally white and use a plolarising beam splitter.
The angle of the 1liquid crystal director to the
polarising beam splitter 9 is the same as the angle to
the polariser 3 in Figure 1. Incident light is polarised
linearly by reflecting off a cube prism polariser
comprising the polarising beam splitter 9, and is
directed to the liquid crystal 5, which is the same as
the liquid crystal 5 of the Figure 1 arrangement. The
light is reflected back by the rear substrate 7, having a
reflective coating, which is the same as the rear
substrate 7 of the Fiqure 1 arrangement. In the "off"
state, a 90 change in the state of polarisation 1is
induced in the light reflected from the rear substrate 7.
The reflected 1light is able to pass through the
polarising beam splitter, which produces a bright image
on screen 11, In the "on" state, the state of
polarisation of the reflected light is unchanged. The
light is subsequently reflected by the polarising beam
splitter back in the direction of the incoming 1light,
thereby producing a dark image on the screen 11. Figure
2 shows the arrangement for both the "off" and "on"
states.

It should be noted that the normally white mode using a

polarising beam splitter can also be employed in direct-
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The present embodiments seek to achieve (1) maximum
contrast, (2) uniformity of response to different
wavelengths (broadness of band), and (3) insensitivity of
response to cell gap variation.

In both the direct-view and projection configurations,
uniformity of cell response to different wavelengths is
important in colour sequential applications, where the
signals for three colours are multiplexed in time.
Colour sequential applications require one single broad
band cell.

In prior art mixed-mode twisted nematic liquid crystal
displays, performance is very sensitive to variations in
the cell gap, and this is why it is particularly
important for the embodiments of the present invention to
provide insensitivity of performance to cell gap
variation. The retardation of a liquid crystal display
is defined as the product of cell gap and birefringence

of the liquid crystal.

Figure 3 shows the definition of the twist angle and
polariser angle parameters for a mixed-mode twisted
nematic liquid crystal display. The twist angle is the
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difference between the alignment directions at the front
and rear surfaces of the mixed-mode twisted nematic cell.

Polariser angle is the angle between the alignment
direction of the front surface of the mixed-mode twisted

nematic cell and the polarisation axis.

To achieve insensitivity of response to retardation
variation, a performance measure 1is developed. The
retardation is allowed to vary for t 0.01 and the
integral difference between the two response curves 1is

obtained. Let Rp()) be the reflectance of the LCDs at

retardation r, measured at wavelength ). We define

700nm
o(r)= Rr(A) A
3.=400nm

as a measure of brightness at the "off" state. The
sensitivity of spectral performance to retardation

variation at a particular retardation value is defined as
Q(r)=|o(r + 0.01)-@(r - 0.01) |

Notice that for the "off"-"on" transition simulation,
reflective mode with one single ideal polariser is used
to emulate the use of a polarising beam splitter. This
results in an optical inversion (dark state becomes

bright and vice versa).

Three configurations have been derived which give good
"off" state brightness and "on" state darkness,
insensitivity to retardation variation, and excellent

uniformity in frequency response. They are as follows:

(1) 76e %t 2¢ twist angle, 180 * 20 polariser angle, and
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0.25 t 0.02 retardation (abbreviated as 76,18,0.25
mode)

(2) 700 % 20 twist angle, 8¢ * 20 polariser angle, and
0.21 t 0.02 retardation (abbreviated as 70,8,0.21
mode) '

(3) 80° t 20 twist angle, 1l6° * 20 polariser angle, and
0.23 t 0.02 retardation (abbreviated as 80,16,0.23
mode)

The 76,18,0.25 mode (1)

For the 76°c twist angle, 18¢ polariser angle mode, cells
with different retardation (0.20-0.30, 0.01] step) are
simulated. Figure 4 and 5 show respectively ¢(r) and
|®(r+0.01)-p(r-0.01) . From Figures 4 and 5, the

maximum of ¢(r) and the minimum of |@(r+0.01)-@(r-0.01)|
occur at the retardation wvalue 0.25. This retardation
value corresponds to the maximum "off" state brightness
and minimum sensitivity to retardation variation
according to the above definition. Figure 6 shows the
plot of wavelength against normalised reflectance for the
76,18,0.25 mode, Figure 7 shows the "off"-"on" transition
curves for the three wavelengths 450nm, 550nm, and 650nm.

Notice the optical inversion in Figure 7.

The 70,8,0.21 mode (2)

Figures 8 and 9 show respectively ¢(r) and |¢(r+0.01)-
®(r-0.01)| for retardation values 0.15 ¢ r ¢ 0.25. We
observe that the maximum of ¢$(r) and the minimum of

|®(r+0.01)-@(r-0.01)| occur at the retardation value
0.21. The value corresponds to maximum "off" state
brightness and minimum sensitivity to retardation

variation according to our criteria. Figure 10 shows the
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wavelength against reflectance plot for the quiescent
state while Figure 11 shows the "off"-"on" transition

curves. Notice the optical inversion in Figure 11.

The 80,16,0.23 mode (3)
Figures 12 and 13 show respectively ¢(r) and |¢(r+0.01)—

®(r-0.01)| for retardation values from 0.20 to 0.30. We
observe that the maximum of ¢(r) and the minimum of

|®(r+0.01)~p(r-0.01)| occur at the retardation value
0.23 which corresponds to maximum "off" state brightness
and minimum sensitivity to retardation variation
according to the above criteria. Figure 14 shows the
wavelength against reflectance plot for the quiescent
state while Figure 15 shows the "off"-"on" transition

curves. Notice the optical inversion in Figure 15.

For each of the modes (1) to (3), the range of twist
angle, polariser angle and retardation can be varied,
respectively, by t 3¢, £ 3o and £+ 0.03 (rather than by #
20, £ 20 and t 0.02, as above), and still provide
superior characteristics. However, with- the larger
ranges, a background colour may appear on the display.

In some applications this can be tolerated.

Comparative Examples

Three commonly known existing mixed-mode nematic

operating modes are as follows:

(4) 45° twist angle, 22.5¢ polariser angle, and 0.32
retardation (abbreviated as 45,22.5,0.32 mode)

(5) 600 twist angle, 30 polariser angle, and 0.35
retardation (abbreviated as 60,30,0.35 mode)
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(6) 90° twist angle, 20° polariser angle, and 0.24

retardation (abbreviated as 90,20,0.24 mode)

Figure 16 shows plots of "off" state wavelength against
normalised reflectance for modes (1)-(3) according to the
present invention and modes (4)-(6) of the Comparative

Examples.

In Figure 16 characteristics of mode (1) are shown with
circles "0"; characteristics of mode (2) are shown with
solid line "-"; characteristics of mode (3) are shown
with dotted line "..."; characteristics of mode (4) are
shown with asterisks "*"; characteristics of mode (35)
are shown with crosses "x"; and characteristics of mode
(6) are shown with plus signs "+".

The modes (1)-(3) are superior to the modes (4)-(6) 1in
terms of higher uniformity of response to different
wavelengths (broader band) and brightness. The
reflectivity of mode (5) reaches the peak at about 550nm
but is very colour dispersive. The modes (4) and (6) are
not bright enough.

The following table shows the measures ¢ and (O for the
"off" states. It can be observed that the modes (1)-(3)
are superior to the modes (4)-(6) in the sense of smaller
sensitivity of performance to retardation variation.
Figures 17, 18 and 19 show the "off"-"on" transition for
the modes (4)-(6). It can be seen that modes (4) and (6)
are not bright enough in the "off" state while the mode
(5) is colour dispersive.
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MODE ® 0
(1) 76,18.0.25 28.2970 0.0559
(2) 70,8,0.21 29.0755 0.1367
(3) 80,16,0.23 28.0498 0.2258
(4) 45,22.5,0.32 21.8945 0.4089
(5) 60,30,0.35 24.2812 1.2732
(6) 90,20,0.24 25.2213 0.2734

The colours used in modes (1)-(3) according to the
present invention, and in modes (4)-(6) o©of the
Comparative Examples are 450nm (light blue) 550nm
(purple) and 650nm (dark blue).

The present invention may be particularly applicable to
reflective microdisplays for direct-view or projection
applications. Microdisplays are small, high resolution
displays, further details of which can be found on web
site WWW.MICRODISPLAYWEB.COM. One particular
microdisplay with which the present invention may be
useful is one based on bulk silicon wafer incorporating

active matrix with a reflective liquid crystal layer.
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CLAIMS:

1. A reflective mixed-mode twisted nematic liquid

crystal display device, having a twist angle of between
67° and 83°, a polariser angle of between 5¢ and 1llle, and

a retardation of between 0.18 and 0.28.

2. A device according to <claim 1, wherein the
polariser angle range comprises the ranges 5¢ to 21o and

950 to 111lo.

3. A device according to claim 1, wherein the device
has a twist angle of 76° t 3¢, a polariser angle of 180 ¢t

3o and a retardation of 0.25 t 0.03.

4. A device according to claim 3, wherein the device
has a twist angle of 760, a polariser angle of 18° and a

retardation of 0.25.

5. A device according to claim 1, wherein the device
has a twist angle of 700 * 3o, a polariser angle of 8o ¢

3o and a retardation of 0.21 ¢+ 0.03.

6. A device according to claim 5, wherein the device

has a twist angle of 70°, a polariser angle of 8¢ and a

retardation of 0.21.

7. A device according to claim 1, wherein the device
has a twist angle of 80 t 3¢, a polariser angle of 160 ¢t

3o and a retardation of 0.23 * 0.03.

8. A device according to claim 7, wherein the device
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has a twist angle of 80o, a polariser angle of 16° and a

retardation of 0.23.

9. A device according to claim 1, wherein the device
has a twist angle of 76° t 3o, a polariser angle of 108 t

3o and a retardation of 0.25 + 0.03.

10. A device according to claim 9, wherein the device
has a twist angle of 760, a polariser angle of 108¢ and a

retardation of 0.25.

11. A device according to claim 1, wherein the device
has a twist angle of 70c t 3o, a polariser angle of 98c £

3o and a retardation of 0.21 * 0.03.

12. A device according to claim 11, wherein the device
has a twist angle of 70°, a polariser angle of 98¢ and a

retardation of 0.21.

13. A device according to claim 1, wherein the device
has a twist angle of 80¢ t 3o, a polariser angle of 106¢c t

3o and a retardation of 0.23 t 0.03.

14. A device according to claim 13, wherein the device
has a twist angle of 800, a polariser angle of 106° and a

retardation of 0.23.
15. A device according to any one of claims 1 to 14,
wherein the device is a display comprising a polariser, a

liquid crystal cell and reflecting means.

16. A device according to any one of claims 1 to 14,
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beam splitter, a liquid crystal cell and a reflecting

means.

17. A reflective mixed-mode twisted nematic liquid
crystal display substantially as hereinbefore described
with reference to and/or substantially as illustrated in
any one of or any combination of Figures 1 to 16 of the

accompany drawings.



