.;e3eb_. " 6TBI C28/ 03/ 2002 REFLECTI VE ACTI VE MATRI X LI QUI D CRYSTAL DI SPLAYS
W TH M XED TW STED NEMSTI C . - AND Bl REFRI NGENT MODES The i nventi oneg/ebaicd?
to a reflective active matrix liquid crystal display m xed with m xed

twi sted nematic and birefringent nodes. FIEL OF THE | NVENTI ON The present
patent deals with reflective node liquid crystals displays that conmbir the
wavegui di ng effect and the birefringent effects of twisted nematic liquid
crymmﬂ“mm@mm@\l m zing the various op]ti cal arrangenents of thehl i qu: d

cry suc t he pol ari zes
ankl e, aesedri es of mggﬁtp\?\ﬁlgyéﬁé};g@n%t@éf% %@ﬁ@g@ﬁ?@ (1?;9%) di splLay nodes
has been invented. ThaISPhay HFETIEDVEINED GEMISDED NENVBATECactivity in the

stu ive liquid crystal displays (RLCD).. Broadly speaking RLCD
canwmm“\mmﬁm‘\nt 0 2 cat ego?‘%@s?l:RE%ﬁ\égéﬁ t Vg rely on polarizers and
those thahed® Exanples or the former are reflective cholesteric displays
and absorptive CGuest-host displays . The |latter categories ere necessarily
nemati c | i quiThednysti@h rdiagpltaysetickies ecave ndirgpligyst ¢dgsthl disglapased on

pol ari zati on mani pul at i,on% as in ordipnary twsted nemati c LCDs. However,

unl i ke ordi napY PESD BYiRs “‘?’%‘““ﬁr‘?lng bySE TS8O - ar i zer and the rear
polarizes is elimnated . The main applications for such RI.CDs are in
direct view 'gﬂg)@pﬁgﬂmﬁgﬁﬁi ghting , gad in projection displays
using crystalline silicon backplane with integrated CMOS driver s , or in
refl ective |iqui@heprgstrapatbacghtls wah wflsc(eChdje liquidensrahbishefd teatcbyei nemat i ¢
LCD has been |jnvestigated.. One of the successful inventions.is the

so-cal led Ti fCE %@@Fﬁﬁc%‘gﬁ?‘fﬁﬂn%?‘tf 1F<5 R §V‘f§8€ﬂe?%‘t§dfqﬁ'é”dﬁ'¥5é%%nt ly by
Wi et al. It Basp@nQtheliié sdrioBNkdRal aﬂl{?&@m@{t?of@'@mqgﬁ@%tﬂ'dYs‘SﬁvE'S’chq-.'sSpl ay

nodes that operate on a conbination of the waveguiding TN effect and the
pure birefri nehyisednzle the reardptiontaneg teespdiar e dagleek srrieh o€ otixedlFEednode , t he

63 TN-ECB node . ..the.90 m x N (l~ITi~ npde ', .the self conpensated TN
(SCT 1] m)dgegﬁﬂét %éreg??ﬁfiggé&g&alay mof%%??/%@ﬁ“”&“b%ner alized picture of
reflective tw st edheRmak peevidublyibtetstideft hanelynthaiuencornasses all of
t hese m xed node di spl ays, and %ovi de a nethod of optim zing themall at

the same ti nBquiNemysttledispdays(BLCRY. Bomdixn spsalsing 4t CBecap dgridvidethintthave not
been reported aqnd.‘aql_r t he subject of the present invention These reflective
liquid cryststehi'&p] B can be fabricated on passive mats ix or active
matri X backpl.aB&%ot & 14 M6 b d Eﬁgl e by i g on gl ass
or on sili cor? vvafgrrs.weos MVlﬁr\]\Fé{Yr @{Thhéﬁ N“F%gﬁp%g%é gmﬂ%ﬁ?’r{l a&ﬁéﬁl )“ {]he
reflectiye reretéree difficans eisbrpiivotuat-hodt dispiagys alHeviasdredienatemtiec | i qui d
crystal cell) and.a ref|ector, i.ch can be part of a circuit in an active
matrix devit eSSERYY ’ﬁ?i’%’ﬁ’ﬂlé'rd Caé?\,%@%'ﬁglﬁiésr T!ggae&rgﬁgg.{ayi %barﬁgPséiiPEes or a

pol ari 2 NG PARM Rhirkdnffulien R B Ehdinkl) &tk hAUER! L OBs, Hl\eRBTAASE 15
generally described as it Is the nost’ popular geonetry for si PI con

m cr odi spl agrsinansLEDs thessis dnly nond Fentgpapeizeband-he Sear Kakakizer (4 Elamiaared er space
representati-op of liqujd crystal, display operating es, " J. Appl. Phys.

., 80(7), 3687{-]13%@3’“(3%9{9‘6’)“])95 faf fuch S R G5 8 W HePr esent ed i n
the parametgersaags di - HESlg Ly f.4wsted
nematic RLCD I s~ par’tf%gjlqg?feg/&ﬂg% g‘f[, A3 ﬁa'gﬁg@%]'?]#té&r?g#g?ﬁgﬁgﬁ%p bet ween

t he TN- ECB,intekitdd CRIOSTdrivessn doifefleodesliquith erysed ligintvanee (IRCOV) ihhe RLCD is a
function of 3 npjor paraneters: twist angle ~, polarizes angl'e a between
the pol ari Z88¢&hd-the input director of the LC cell) and the LC cell
retardation diw, | Ll thi Sn.Jh veleagth Jl._al ways
appears toget h%?%ﬁgﬁnﬁdéﬁrLﬁ?aggf Tl D%Sgll%%ﬁl Q,“ © Pﬁth LéchSc?ﬁgénvﬁé(tlorn?x.

Ther ef or e .ii§ thead-datled THREBImdGe | UBtvadial6@bF (s s beerepbleiCReentlf bpne of the
3 paraneters (u, -~ ddng is fixed, R can be plotted as a function of the

) o IS ) )
ot her hvo ¥t ghddt Brbas ¢ A0awibangle: Ahereare mpay samed siverclortisplay medsadhat Fi gure 2
shows a series, of paraneter aces for. t . W,th a varyin~ fromO to
45. A mvelogﬁrﬁfeho%?c%%?‘ﬂoflé’? &&%*?‘Hgm%%EW%iPBH%P'f 5°%nt our s

i ndi cate cegséanl, tefibe ﬁﬂ%ld-éﬁ‘&%?@ﬂa & 1. thENS- WRLEEBIHodel b. ,2 are the
so-called ' Tint-ECB m nli%trra. The center )(c))rPOt he’ wel t correspongs to either

ma: ci mum r dfel ¥ reineb TNGMY)omsled 2 the self-compensated TN (SCTN) mode  and
_ the 52° RTN mode |

£lmg T



. 28/ 03/ 2002 pol arizers or mninmumreflectance for parallel pol ar2g8ZesooFor

exanple) with a polarizing beamsplitter (PBS) in the display, (u, ~, ddn)
_ (0, 63.i) 0.18unt wiil dive R=1. This corresponds to the first TiV -ECB
mnimm It is marked in FiS. 2 The SCIN node and the ~IT~I "rode arz al so

indicated in Fig 2 for the appropri2te a. Pol arizes ankles | anmer than 4~
are not depi ct ed\ gpneFilized picture pErefecimegwistddateniaey 00D ¥-discidyed paleiarramer
space repeats_itself ﬁxogé)?t forda r Jg{ tion  of the x-axis,. |

par ameter spatePHEK 2 8 e dipRee S EREO WA 508 OF\HPE“F‘?‘% changed
to -~b. Fromitergall & thebark@DmbEvIBQERe Badradid@ioadiRibEs &n%etfeumthgpﬁté‘ m;{;}

modes for reflective LCD. One set” of nbdes are the "in-wel

correspond t BetrheppBtdhtndare Fhetﬂh@e%a)fmfeﬁe'ﬂslpmwﬂsuch as the TN— ECB,

are |ocat ed out or o PHE b0 b o G PRI E R ke e S orE

modes. . Theadiive-nt@tik bacipliees. ame a@tt\&qhaaetaam«aetertan bé f26ABatbEoR QR dnN Fia. 2
that the various, T~' -ECB m ni ma nove systematl cally in the paraneter sone

as a i s changedlicem™atFticular) the first Ti |1-ECB nmode with =~ is
exam ned. It can bhe seen that this node Becones the ~I T~ nbde at m= 0, a =

27, then it bed®YAfhe OSCTHERSIEMIION 60) a = 30. Finally, this first
Tai - ECB m ni num bge QiRen hf18e I UR rLﬁ&ﬁv?ﬁ%tﬁtL@@ condds: @86‘1& Eolanfe 2 thied

situation is clearly show Dy’'a plot of the trajectory of the center of the
First T~f-ECB memmticuiquidoarydtéieel, andaseﬂamrshhumcambdfwagt ofa citquittimarsaquivet , a

goes fromO to be,seen th m ni mum
first noves odf‘%l'ﬁd]let”ﬁ%nﬁfdtﬁgafﬂgmtaﬁéngef iAheetfybe no faa‘rzda? %EOI?TFQ%

monot oni cal |y s@su@r ds%ﬁb@ﬁﬁ&ims Fh@mttﬁwtﬁélmtwsets aaﬁ}aﬂ%rd@%rhﬁﬁ at Risn@t a
polarizes ankle of 1 ~. Fie. 4-is a Simlar plot~of t 9 refl ectance

contours for anesamgpuler gqogmr@ forail@on nagxadnplrms steps of ~. Thi s pI ot is

di fferent fromFlg 3 bec [? abslgggé thiefa from4~ t £S can be
seen from  Fig. 4, ~adsgs TIRF-Y Po2g9)? aéarri’eéfrrf’gf“f%/represel‘}\t- 8 mi ni mum
noves 3 28/19;atd2é3%taudttﬁtaylé;;ﬁrd@ta&r&dd\é@ ", abstEPhtshugodzmeme% Qoup) atie

| oop in the paranetér space i's nots easily seen in a paraneter space
showi ng bot h p@mﬂtlpﬁé@tmorie@ambveemwestted {rRthg pasameteRiondce ol i agmemm the

par aneter spa dentica a co ete ectory
e o ed | n g perarteed im0t Gt et Rl Pl Py
angl es from - %QOWtheleranéd&ﬁrpeoeawm& ?NL@GB? MTHM setNonderCH o8B THE Ni B at
different polarizer angles, ene with a smaller d~I'n value and one with a

hi gher d~l n vatfletantb® prm&LCBgs péinctisn of 3 mher PEMmetEde twishendlt ¢~- ECB node
and the SCTN node are also indicated in Fib. Thus |f|e the
entire pict ur@Oiﬁéllze"t‘h’éfJl efeybetpesy) the palariger agd tf}fﬁﬂP‘t‘tﬂé""-@@TP%g ﬂéﬂ@g al |

h i f | f
(BB o fect sif%t s BR ARp el 16 of bRt TRl @gﬁﬂﬁﬁvﬁv? ?ge?ﬁi
i nput di rect 0gp tgggth&t»bﬁﬁ \é@étst%anmastdawrn%@tédepﬁ,aem Wete@orgf%%a@bé ects

Ther ef or e, € possi Ie to performan optimzation of these nodes
in a general sxem@)as st ©¥daligg SOIAN Mened, ifwns obthedd pardngradrsqopd adim) is fixed,

si mul t aneously The nonencl at ure of these nematic reflective LCDs will now
be defined. Sifwae bglplotisd as adurctinn dEtheoper BryepaRmptess 18 8rAh) priamelsr RN
effect and ECB .effect, they can be called a hybrid node or a m xed node.
They have beeHs‘BaF?‘etauprli‘\esECB) M “t-, SCTN or HFE in the literature
Instead of calli 19x{083hdWIea Jorlds offidphhMbIPadds FoME RICEY Gt &HagRtRl R Ng
nodes are hereinafter referred to as the generalized mi'xed TVbirefringence
node, or MIB Owdlési. A wineldngt of S5SDemdpassamedini the cdtuldtivmsi Théf@ammueindicatecan
be assuned that hi eflect ance |[s . desiraple_|f _the desir f tance or
light effici eﬁwtang %f{é‘ftaﬂ?f-‘ igateps 9§ 0.4 nboe W g!%Em@.aa%thmﬁa@@@g by the 0
9 refl ectance oy i ace
t remendously m%?g{rana@ f&?& O?Ef&tq’éélg%%e?%odﬁ? éle}t g‘%‘éﬁt’&s@é’? %%} @[r05§,9 t hen
t he sol ution space opens up even |arger, and i ncludes twi st angles up to
100". The 0.7 reflectance contour is pfotted mFigs.4.21 1 for polarizer
angles in increasing step of 5. This represents all the possibilities for
the iVITB node. It is noted that all the previously reported nodes are
represented in Fig. 4-21. For exanple) the 90 MIN node of Wi et al is
included in Fi~. 8. The SCTi~1 node of Yang- is included in Fig. 10. 4

28/ 03/ 2002 Fia. 22 is a conposite of all the R=01i contours in Fibs. =I-?
1. It is seen that



‘there are always 3 distinct ~, ~ITB nodes for ~ less than iOQ. 828?%%%) t he
solution with.smaller din is | ess wavel ength di spersive than t ? d,n
one However, a lame din is desirable froma cll making point of view Table
| shows the normal operating brightness of the RLCD under various polarizes
“geonetries and using different “'in-well" and "gut-well" nodes It can be
seen that normally white(N ~ and nor nal I){ bl ack (:~'B) operations can be
achi eved ~n polehzasagemingepdatictgcs fortpaelisbpelniizess Fgesmewlyy Vitide choi ce of

| ari h . Vb .eff . th i M zat i f. & LGD, .ol d
o i ve. excopnBEE BT Saie (A aihe GPLe (e i Bl as L il 2, "

possi ble. This._.is- -2 Aj .5 Leph | : it ORH&edah Fneent of
Phe LC under ZE g va e s e R B L™ i s

honeot r opi ¢ FThat€TNsmodnaidsperdiN@cdnareshouhdcied usled %awr thtendeptiaist at e
whenever possible For the ivlTB nodes) which correspond to the centre of
the wells in®Fi~. ., the honeotropic state can be used as the dark state if

a PBS is used The.di snhaxs Wrbd: 193 he n@?EIE%ttls%{/ (i) {iggftlkislﬂ@%S’@t’hm if a

paral |l el polarizes geonetry 7s used, th ge honeotropic state is
the bright sbgbadasl thdmrddfiBensphdesepaeime!ff beepiafoka sttrtwonTdfahe x-gxis, Le.
undesirable since the IvliTB wel|ls are dispersive and canal%t be Hade very
dark. Hence HK@aEsHTARICCPT ¢ =0 shisithe 36 asrtheipRer oy WEH O FERMGA KArBd-

operation) a-.guarte retardation fi - I rse the
bri ght and dEiE Eeat g@&‘ﬁ?ﬁoﬁ‘*ﬁ%&‘g‘s‘k?‘ﬁt"‘feo%E%‘%"%"ﬁ?f%ﬁ‘é%‘%% S
modes such agnt bq JRFNdaNste e RERs kg viieh Brt@péndsibakesislahds ihfiiee case of the
RTN, the dark state can be made reasonabl e dark by further optim zation of

t he pol ari zeparamgfleesphatisach ds thaTivar CB S8 T $ETOF motes. MhsothfBeneldaedssr ovi ded
usi ng t'he paraneter space nethod. These nodes have reasonably good

refl ectance amd thedtudimvalfemstenvhil dre Mcatddeinfidy/ e TN-ECBONEIR! kB @d before.
5  28/03/200 E\B‘P{KEED'SPEECRI PTI ON OF THE DRAWNGS Fig. 1 Geometry of the
d

reflective Ii _ I}E@@B@ay FiQ 7? Paraneter spaces for the ~ITB node
at different polgrd 2RS,-ARIRS; frh?is&lasei? HeERT RT Y BF sl PRAK il G 01T
t ach po ts an ~ncr ease of ~

node as a i s changed from 0 I'nt represen

ina. Fib. 4 Re{HEERtmmaR moR. systefaticaldly id he@akueckdieodERs aDidendneed dnpol ari zes
angle of O or 90 Fio. S Reflectance = 0 7 contour line of the MIB node for-
a pol ari zes apigi@lass the fisst DH-EQB godewitkfheds ariEuned. dt ganchmsesn that ithis mgdet ne

T RS ST R A
60°, ¢t = 30° Finall'y, this first TN-ECB minimum becomes the true ECB mode at ¢ =
0° and o = 45°. ‘

The situation is clearly shown by a plot of the trajectory of the center of the first
TN-ECB minimum for the + case as shown in Fig. 3. In this plot, ¢ goes from 0 to
45° in steps of 5°. It can be seen the first TN-ECB minimum first moves out and then
towards the y-axis. The retardation increases monotonically as o increases. The
maximum twist angle reaches 70.2° at a polarizer angle of 15°. Fig. 4 is a similar plot
of the 0.9 reflectance contours for o ranging from 0 to 90°, again in steps of 5°. This
plot is different from Fig. 3 because we also include ot from 45° to 90°. As can be seen

from Fig. 4, as « goes from 45° to 90°, the originally -¢ TN-ECB minimum moves



Fib. 8 Reflectance = 0.7 contour I|ne of the MIB node for a polarizes angle
- of 20 or 110. . Fib. 9 Reflectance = 0 7 contour line of the Mr8(RHeo%r a
pol ari zes angle of 25 or 1 1 ~. Fi g. 10 Reflectance = 0. 7 contour line of
the MIB node for a polarizes angle of 30 or | 20 Fig. 11 Reflectance = 0.7
contour line of the MIB node for a polarizes angle of 35 or 125. Fig. 12
Refl ectance = 0.7 contour line of the MIB node for a polarizes angle of 40
or 13 0. 6 . . . _ ,28/03 / 2002 Fio. 13 Reflectance = 0.7 contour line
of the MIB node for a polarizes ankle of =ts or 13 5.Fib. 14 Refl éctance =
0.7 contour li.ne g t he VI TE ngde for a polari zes ankl e of ~0or140.Fi b. 1~
Ref | ect ance = IBFOZNEBONIGE? Fiflid ‘bsflofﬂ'é"l?/lFB” telopgin ﬁ‘e[ﬁé*laﬁlqeiééacan@ké ipf

~:orl4~ Fib.1 f.legt e,

poI arizer anqug(ﬁgf g%%osrggl}g@ Haqa%?%‘%g)f%? an'{clng&ﬁtgggﬁ n“tdour ine o%ga%e MI'B
mode for a polzniNegise &mkihe p@fan@t@rﬂ;gc‘l fdr@Ethai@O‘R?E IRet@NeS tha @ cdmglent our
line of the MIB node for a polarizes angle of 700~160. Fi a. 19 Reflectance =
0.7 contour ||trvee"cxfrynsh‘errm®nribele, fon gaespoimP iz 88’ ArkF endofatd-tharfo6ewisti a. 20

Ref | ect ance = ontq e Irl.TB_nmode for_a ari.zes angl e of
Boor 170 P g. 2218EF gty diheie L0 Bl Shrasbr it AdTgrort i Wb B RS -

pol ari zes angla@ﬁ&@ntﬁ:oﬁﬂ"zex‘]—a?ncieslzbr% wg%a EﬁglLe?(aﬁg v&% ZnQode GRALYUE R HRE
pol ari zes ankl es ran~in . FIb. ef I'ectance i spersion
curves for a fvelweMIB nodes. Fig. 24 Measured (nornallzed) refl ectance vs

wave(ength for tTZ’E (70, .30, 0.32/rrn) display. Fib. 2~ Measured
(normal i zed) ref | BEPRAEENS, BOIPE| Al gD mpdfe the 7@'E§Bmdeamdi§1ﬁﬁfdix\swpé§/ 7

o 2T oY nERER O THE 1RO A OOl P! KGR YRACE

conpl etely determ ne onval ue }’n of

the LC cel |l aiviTit¥laed &mlﬂma{ddesrrhtehell ppérauremziﬂesa &othisinaod otflpalahﬂililltin director
T-21 represents the O 7 refl ectance contours of all

of the LC cell a, Fqu)
t he possiole (‘m“cfﬂ Apd buelsingardedhS BraBess ar Teryfdiffecbyssrotaiwnfthandes .

Here we descr f GQnst an ref ance
contour i neslppﬁngﬁgtpg?ét t8 th%ﬂ%uﬂ?%@%ﬁ l('a]cg)lr?&ee Iu'éocré aﬁ&e EFE" rh%’lrl1 8hﬁ &d by
the equati on EGB &fels ’(heseﬁaae mamttl%vbkd-no?,et‘dperform,anbpilﬂrﬁzaﬁﬂh@f%@é e His

the rotation matrix corm sink H= -sinm cosh -) with ~ as the twi st angle
of the Iiqui dTORSSIRASeRER] seat aaoa@f’tfﬁ@aﬁ@v%frs| @4l JaprgirectprstsiadRneously

pol arizes and therpke %H%n@ih(u?@%?[ﬁe?é nénl?ﬁlcl ﬂeﬁé’dtgecﬂdﬁg a1 68 beMebSied. f’§mgones

matrix of the liquid crystal gl ven
all of these modes operate with a combmatxon of TN effect and ECB effect, they can

be called a hybrid mode or a mixed mode. They have been called TN-ECB, MTN,

SCTN or HFE in the literature Instsad of calling them the TN-ECB/MTN/HFE mode.
such LCD operating modes are hereinafier referred to as the generalized mixed TN-
virefringence mode, or MTB mode in short.

In the optimization of the MTB mode, it can be assumed that high reflectance is
desirable If the desired reflectance or light efficiency is set to be 0.9, then the
solution will be bound by the 0 9 reflectance contours depicted in Fig. 3 This limics
the parameter space tremendously Alternately, if the desired reflectance is set to be
0.7, then the solution space opens up even larger, and includes twist angles up to 100"
The 0.7 reflectance contour 1s plotted in Figs. 4-21 for polarizer angles in increasing
step of 5°. This represents all the possibilities for the MTB mode. It is noted that all
the previously reported modes are represented in Fig. 4-21. For example, the 90°
MTN mode of Wu et al  is included in Fig. 8. The SCTN mode of Yang- s
included in Fig. 10.



1~ 1B -CGID~CGiD A+iB where A
~ c0s~sin~3 C =sin ~ cos ~d - Cos ~ sin J3d (6) D=~ . sin

8 28/ 03/002 In eq. (4)-(7), ¢ 2rJp, where o is the pitch ef the LC cll,
and ~=(~z -g-J' (s) For a twisted nematic cell, the pitch is related to v
by gd = ~ (g) Also k,= ~n/~.- (10) -where ~n = n~ - no (I 1) is the
birefringence of the liquid crystals The R=0.7 contouF lines in Fias. =I-21
are obtai ned b¥igantis ngomRpeité of ail thgRat DOMcdnidurs ihetike 4k11. $heweentthae opti cal
properties of sone of the new MIB npdes obtained fromthe above procedure.
It can be séne treayayaBldstingt ¥ megns feat kess Wias 70akhelly hanglueenbithat i ons
of din and a are possjble to set ,a good contrast ratio. SO, not quite

evi dent f r oRTHAHIGRRY less Vprelengly GERTTe (AR o I S OB LTS B A B

char acteri st . I ] .0 [: ved that for tw st ankles

smal | er thagdg%,&%g%ﬂgtfhe %ﬂg at‘}\“{%}n‘o '?[hégQZ%?k states becone nore

di spersive, an(abledghéethe abonkl op@atish tradiesesobf thaR KIS phayt vahodst s as the
voltage is varied. So they are not quite desirable. It should be enphasized
that Tabl e PPlafizeriggometrigpantsusing Biipravstnveell i2ad “aft-wgll” moedes dpermka MIB
operating c R . tyr. d N . 1.0fL 0] J er of
conbi nat i ong&gftﬂaé%ﬁ%ﬁl%@teﬁbﬁs)ﬁéﬁ&i%ﬂ&ibglgascl.i\@?ﬁ O? %rgt@%eda?\%%g[gn\gggml F one

were to sacbothicaestdepemiiadon gk lpertiaaeRometrs. Tigd dibicenf pphacieert dis4 he i VI TB

will open up even wder) leading to nore possibilities. 9
profound efiect on the optimization of the RLCD. In order to Lave excellent contrast,

CosS ~ cos J3d + ~ sin ~ sin j%léél)r?olé?dB:

I v

the dark state should be made as derk as possible. This is conveniently satisfied by the
homeotropic alignment of the LC under high voltage bias where dAn = 0 (the x-axis
in Fig. 2). This homeotropic state is nondispersive and should be used as the dark
state whenever possible For the MTB modes, which correspond to the centre of the
wells in Fig..1, the homeotrepic state can be used as the dark state if a PBS is used
The display will then be normally bright.

However, if a parallel polarizer geometry is used, the high voltage homeotropic .
state is the bright state and the MTB wells become the dark state That is undesirable
since the MTB wells are dispersiv= and cannot be made very dark. Hence the centrast
will be poor. So for direct view using MTB operation, a quarterwave retardation film
has to be used to reverse the bright and dark states. Another solution is to make use of
the “out-well” modes such as the RTN and HFE modes as the bright state. In the case
of the RTN, the dark state can be made reasonable dark by further optimization of the

polarizer angle

Table II summarizes some of the new MTB modes provided using the
parameter space method. These modes have reasonably good reflectance and low

dispersion. All of them have not been presented before.



28/ 03/ 2002 Fi Q 33 shows the wavel ength dependent refl ectance qQf both tie
on and o~ states for some of the i VirB noces invented he: a Thé8&3{80%% are
sel ect ed because they have either (1) | ow wavel ength di spersion, or (2)

hi gh contrast -upon application of a voltage) or (3) reasonably |arge cell
gaps so that manufacturing is possible T ae ~ glues of (a, m d~In) for the

cures are, fromthe top) (26, a~, 0 ~ ~'m, (~0. ~0: O ::~.'m, (;~4, ~4,
0.3~um) (”~-.0, ¢3, 0.3~um respectively. To verify the theoretical -
sinmul ations, sanple cells were made and tested. ~. sanple cell was nade

with cell paBRIEFEDESORIEBIONTYF THE-DRAWINGEI qui d crystal nodel nunber
ZL1-169 fromE Merck with a | ow ur of O. 062 was used in order t~ increase

the cel |l napFigrheGesipeiry aewe attlesirq ligvigheryeial display giving a d: I n of 0.31
' —um Wh' Ch. Fs}ﬁqwgérgmg epgl?atcggfoﬁ Ifh% \I‘?ﬁglﬁo (1&9?% 591?8?5@ ine andc'fgéndar d rubbed

pol yi m de fi re use gried es'to formthe 70 twist
cell. The acgul acyrapctdrP@f thaipshk anls& BT mBet ke i fangdd fue otie s5heaequi prent
used. The LC cell has indiumtin oxide as the transparent el ectrodes on one
side and al um nunpanmatepdscgita&smemaieméa?mfck ective el ectrode on the other
side. Fi S. 24 shows_the experinent refl nce-vol tage. curve of this new
~LTB node unbigr 4wReitanrgft? ?qu\afmrﬂaepfﬁ %@quﬁ. far 3 pQferiasy 2 Wﬁeehﬁ% ¥i nd
that there is a ggpd dark state at 3.6V. There is also a slight increase in
the reflectance at 1.2V. The operation voltage for the dark state is only
2.~V whi ch iEigné| Refbasianab e T ountduir Vh&H tRe MR Giddafpd 4 madrizensile B #.or2~
shows, t he experi ngnt al reflectance vs wavel ength of this ~~ITB node. The
vertical scale is’hormalized to the peak value. It can be seen that at |ong
vavel engt hs) pghe Refdcaatancer &ﬂﬁdﬁ‘?ﬁné’\bﬁﬂe MR RS el i3 KhabE AR AT te W
-ell. ~t short wavel engt hs, however ere 1's sone VI ation romt e
theory, This is bE¥duse the PBS used in the experinent has poor optical

characteri st cs i hi s ength.ra reason i s that_.the cell
Chichness vekitnbt Refedienpy 2 0% dntenune Rl MES S e mA e vt etk Pes t o
be about ~.? um {g3eits realddlr was about 0.3?~um 10  28/03/2002 In
addition to the | ow operating voltage, the : umcell eap is also a

conf ort abl e Mgl YieRéflectaned + Of 7adoniomatineof.thd NI miode fara)poldrizesangld ¢l er f or
crystalline sili c‘(;{a based C~-fOS LCD. The uniformty requirenments should
al so be easy to sati'sfy for such lane cell Qaos. Further experinents wll

focuss en t rﬁowlﬁe&Pﬂaﬁgé@@@ Fto@lpf?ﬁ’é f‘the ﬁfln'ade forﬁgoﬁﬁlzgr%\ﬁ%'JW‘° bhis

smaller cell Sao will further love: e col or spersi &n and
ODe.'cilng voI tagld_v .Table I. Normal stat es of vari ous conmbi nations //-//
polarizers eet_t /1 - ol anzers. (PBS) ] n- weba es (TN-E | ~(TB,
VI TN, Fi gur WE’% &l ’5)"%810&& ne Oftéq eﬁ?ﬁ Frars {Pramelasesianga cI’cﬁr%%s
(HFE) RT~1, Et STNpW ormal Iy whiteNormaiiy black Taule I1. Refl ectance for

several VITB nodes
Fig. 11Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 35° or

125°
Fig. 12 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 40° or

130°,
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CLAIMS 1. A nethod of making a single polariser reflective liquid crystal

di splay device.with an angle a between the polariser and the input director
of the liquid crystal device, twist angle ~, retardation dOn, and

Refl ectance R characterised in that the nmethod conprises selecting a val ue
for a and a minimumthreshold for the desired reflectance, "using the
equation below to plot the paraneter space which satifies the desired

refl ectance, .and.selectin | ues f.or ~ d din-whi ch sat.i e
ol | owi ng. eqbi BRerEaehd Y Febiur itk ot mbA{ (oM 8 Bl 8 dgdlor'sfor |
(1) sin a where Higs°.the rotation matrix cos ~ sin ~ H=(2) -sin ~ cos ~
where Mis the Jones matrix of the liquid crystal cell given by A-iB -C -
iD M= (3) CFidlAReBegangeet @7 acatowdime of gigsVdBdnade for gjpg wzgﬁwg%{fiqﬁ 2049t ka B
= -- COS ~ sin (315\,) g C=sin~cos ~3d - -- sin ~sindid (6) kg D= --
sin ~sin ~3d (7) "ahd in eq. (4)-(7), q = 2~/p. where p is the pitch of the
LC cel | ; andfi=tB®2feAancéZ 0 7 contour line of the MTB mode for a polarizer angle of 53° or

145°,

Fig. 16 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 60° or
150°.

Fig. 17 Refiectance = 0.7 contour line of the MTB mode for a polarizer angle of 65° or
155°.

Fig. 18 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 70° o1
160°,

Fig. 19 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 75° or
165°.

Fig. 20 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 80° ot
170°.

Fig. 21 Reflectance = 0.7 contour line of the MTB mode for a polarizer angle of 85° or,
175°.

Fig. 22 Reflectance = 0.7 contours for polarizer angles ranging from 0 to 90°.

Fig. 23 Reflectance dispersion curves for a few MTB modes.

Fig. 24 Measured (normalized) reflectance vs wavelength for the (70°, 30°, 0.31um)
display.

Fig. 25 Measured (normalized) reflectance vs voltage for the (70°, 30°, 0.31um)

display.



28/ 03/2002 13 and the pitch is related to ~ by qd=~ and ka = ~~n / ~, where
~n = n~ - no 2.- A nethod according to Caim1l, wherein R >_ 0. 38/43720620)
(11) 3. A nethod according to Claim?2, characterised by an angle of 0 2 or
90 2 between the polarizer and the input director of the liquid crystal
cell, and byDaTHJILED BﬁgCé{IPTaﬁrdq retardation dOn given by val ues bounded by
R = 0.7 cont our | nes. f,A}éetmet hod ording to Caim2, characterised by
an angle of 5 %‘?P%‘O“? REerve %?)éﬂC&r”i‘PZ%‘FlVeEWéFrWH‘éd|bhﬁliﬁt“6$‘raé%@or of
the liquid c : V. o el al gi ven
by val ues bo%)r@gée% atr)&‘%llgIn vaﬁd{a%ﬂ Oﬁh‘{%ﬁ?glll ?‘Eltg{sh% ag @%Qmeh pgoté%:%rga?k% to
daim 2, Chaz[rﬂQh@fnp&teﬂrebtpr@ﬁt}&rlgi' elDd. Hifs. 422 DFepdddfnts thelvet wBeftaddae pol ari ses
and the input director of the liquid crystal cell, and by a twist angle ~
and r et ar dat §amrudCf affithepotsiply bt we d A owntheantiops F tes0er7 defomedauithd Vs .

28/ 03/ 2002 14 6. A nmethod according to Caim2, characterised by an angle
of 15 2 or ®8%S-2 between-the pol ari ses and the i nput director of the
liquid crystal qulére v?é‘quYIbQ &eﬂn@toﬁaﬂglxﬁ tﬁo%\rlg {bﬁ&lﬁrtﬁl@tcb n(flqgft]&'téé%g. by
val ues bounded by R = 0.7 contour |1nes. 7 method according to Caim 2,
char act er i sexbnloypr hmtsangle;acaﬁ i2B1gs22-at TteQrefledarzetRieedichibrd pylies érsomnd t he
i nput director of the liquid crystal cell, and by a twi st angle ~ and
retardation din given by val ues bounded by R = 0rZ tour lines. 8. A

met hod accordi ng tR= -almlpsa)'ﬁ'faMﬁ-lfﬁ_eld g?[ang&jF of 25 @)or 115 2
bet ween the polarised and the 1 nput direct or of wheaVj quid crystal cell,”
and by a twist angle ~ and retardation dOn gi ven by val ues bounded by R =
0.7 contour lines. 9. A nmethod according to Claim2, characterised by an
angl e of 30 1 en the polarises and the input director of
the liquid cr‘ég %1 gg}eméﬂﬁ WF 2 twist angle ~ and retardation dOn given
by val ues bounded by R = 0.7 cont our lines. 10. A nethod according to Claim
2, characterised by an an le of 35 2 or 12S 2 between the polarises and
the input director of el Fepg dingrlystal cell, and by a twi st ggle ~ and
retardation dOn given by yakues hopinded by R = 0.7 contour i rfé 11. A

nmet hod according to C ai m2, Char terised by an angl e of 40 2 or 130 2
bet ween the pol ari ses and t he input director of the liquid crystal cell,
28/ 03/ 2002 15 and by a twi st angle ~ and retardation dOn given by val ues
bounded by R witl0p 7s thetwistangld ofebe lididd cﬁsmétﬁbmcb@amrlﬁipngritﬂ Ak er@gen
characterised by an angle of 45 2 or 2 between the pol ari ses, and the
i nput di r ect ¢Re pRlanizse afqg @Gllgpl{g,dygqtaq ofdgq: ixquxd crystal cell M 1s the Jones matrix of

the liquid crystal cell given by

VI__(A—:‘B —C—iD) i
C\c-ip  4+iB G)
where A =cos ¢ cos ﬁd-!-%sin(bsin Bd 4)
B fe cos ¢ sin B ()
=— i
7 5
C=sin¢cosBd-—Z—cos¢sian (6)
D=£sin¢sian @)
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.and by a twist angle ~ and retardati on dOn given by val ues bounded by R =
0.7 contour lines. 13. A nmethod according to Caim2, characterBs&d2892an
angle of 50 2 or 140 t 2 between the polarises and t he i nput director of
the liquid crystal cell, and by a twist angle c~ and retardati on dOn given
by val ues bou ded R =.0.7 contour, li.n t hod according to Claim
2, charact er| @g)fé)n ar?d{%‘H‘FmSB’S the pyjct f4§‘eL2CtSe[rE €n the pol ari ses and
t he i nput director of the liquid crystal cell, and by a twi st angle ~ and
retardation dOn given by val ues bounded by R = 0.7 contour lines. 15. A
met hod according to O fisfR,’ +ofigfacterised by an angle of 60 f82 or 150 2
bet ween the polarises and the input director of the liquid crystal cell,

and by a tw st angl e ~ and retardation dCh g| ven by val ues bounded by R =
0.7 contour i §g ge laggwaccor di_p t al m 2, characterised by an
angl e of 65 é’rS Wigked nemiajief Pﬂ‘ﬁ‘é‘spr& |g§’s Yand the input director of
the liquid crystal cell, and by a twist angle ~ and retardati on dOn gi ven
by val ues bounded by R = 0.7 contour lines. 17. A nethod according to Caim
2, characterised by anqdrgde of 70 2 or 28/ 03/ 2002 16 160 (P between the
pol arises and the input director of the liquid crystal cell, and by a tw st
angle ~ and retardation din given by values bounded by R = 0.7 contour
lines. 18. A thod acgor hng to Claim2, characterised by an Iad")lgle of 75
2 or 165 2 Between thé* polarises and the i nput director of tlge l'iquid
crystal cell, and by a twst angle ~ and retardation din given by val ues
bounded by R = 0.7 contour lines. 19. A nethod according to daim 2,
characterised by an angle of 80 2 or 170 2 between the polarises and the
input director, of the liquid crystal cell, and by a tw st angle .cp and
retardation dO¥%iven lﬁ?q'v%fl “fes” bounded by R = 0.7 contour |if EQ 20. A
nmet hod according to Caim2, characterised by an angle of 85t 2 or 175 2
bet ween the pol ari ses and t he input director of the liquid crystal cell,
and by a twi st thabgkfingemmadf thetlgudakysodds dOn gi ven by val ues bounded by R =
0.7 contour Ilnei_i 21. A nmethod accordi ng to any cgr ecedi ng claim

characteri sed by Nediliheantorrdioraie Hes: tir ahamsbasedbisttingdR=GAdn éﬂl‘{}HP'hl um
coat ed gl ass ps reflective electrode. 22. A method according to C aim 21,
characterised by conprising a 70 twi st cell.

ACACA AL AS?. ARbleAl SifoSisAhddpticfi(prdpediesdl.sbbe AQMfnew MTB modes obtained

from the above procedure. It can be szer from Table II that for each twist angle, many
combinations of dAn and o are possible to get a good contrast ratio. Also, not quite
evident from Table II is the effect of changing c on the dispersion characteristics of
the MTB cell. It is observed that for twist angles smaller than 70°, both the bright and
the dark states become more dispersive, and also the colour coordinates of the display
shifts as the voltage is varied. So they are not quite desirable.

It should be emphasized that Table II is by no means an exhaustive list of all the
optimal MTB operating conditions. As a matter of fact, there are an infinite number of
combinations of conditions as shown in Figs. 3-3 for the MTB mode. IF one were to
sacrifice the peak reflectance, the solution space for the MTB will open up even

wider, leading to more possibilities.
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’l;Jp[ e i @9 fgg}ﬂ%"? )";ag mfé%’/é &‘?"]C( %%@be@%ﬁ { ’)r% ' 3(11(’]‘)109/11 T )&‘ '%@Z" & 0
10% t & () - M @dRYVaRh&R ZL)-16D5 frbm B lviegck @MEHLO tdin& ag 90 BAE whlnised in order to
10t, 3710% & ()-9 10% & ()-'9 10%@ @& ()-9 10% & ()-n#wk}é<j _f(%ﬁl_o_% & ()-1;
@ 109& () - Z 'ingEpase i qeil-gzp. @regypd gty cell gap was 5 um, giving An ot 0.3175um,

+ 10932 & () _ﬁh%a%)ﬂﬁs%uftg E[%é(egféﬁé Ja@ae}élé@esign value. Standard rubbed polyimide films

were used to aligned the LC molecules to form the 70° twist cell. The accuracy of the
twist angle is better than 1° due to the ;quipment used. The LC cell has indium-tin-
oxide as the transparent electrodes on one side and aluminum coated glass as the
reflective electrode on the other side.

Fig. 24 shows the experimental reflectance-voltage curve of this new MTB mode
under white {ight illumination. From this figure, we can find that there is a good dark
state at 3.6V. There is also a slight increase in the reflectance at 1.2V, The operation

) voltage for the dark state is only 2.5V which is well suitable for CMGS ANLCD
applications.

Fig. 25 shows the experiraental reflectance vs wavelength of this MTB mode,
The vertical scale is normalized to the peak value. It can be seen that at long
wavelengths, the reflectance agrees wich the theoretical simulation quite well. At short
wavelengths, however, there is some deviation from the theory. This is because the
PBS used in the experiment has poor optical characteristics in this wavelength range.
Another reason is that the cell thickness was not exactly 5 um. The actual cell

thickness was measured to be about 5.2 um. So its real dAn was about 0.325um.

10



10t 10t 10t +=k10% & ()-710% & ()-,)10% & ()-g! 10% X- X& () -
10% & ()-~!1A<VK@!, 10%-& ()-11, 10%t& ()-, 28/03/2002

10% & ()-1 10%-& ()- 10% & ()-19%d0% & ()-! $$$$S$$$bC! | 10944& () - 0% () -
10t 10t 10t F&<le%&'()--- 10% & ()-@- 10% & ()- @\VoRRs & A) dEbC! ! !
10%4& () - gﬁ*&"%% YERo{ Q)pe'anﬂng%dﬁ‘aée) the 3 &rﬁé‘fﬁcoﬁa is:2{3b0%déa i nrzvle '
A))) =***C+d 'EMH&() & 1096 ()= 3%TL0%& ()- #10%4&' ()- ! Y10%4&' ()- @,
S10%H8 ( WalGe forellGabirication. dymxtuxa;omlslﬁmamerﬂsmw&w yilic@Loe9ode () - 3 0-310
. 10%4& () - @ y10%& () - * 109%44& ( -t--dBYNCL! 1) F: 1 109 () 1 &310%& 101
% () - 3(1) g)LCéﬁ_dﬁh(&)ue)fowﬁomq‘c*5’"16"@“0/“5“/?‘WM&! #3 VRS 3“%31‘:7 109& () - &
SF: '10%&' 3) 1) Firt e 48 elibriefils Wil ''d Qn e & ..Ekéé?%/&atfehr&A‘Z@QWQOOOZOdY?"10

%IUE (
10410 ()lhev@‘tﬂa(@?@s Eohalld cH R 1) SR 1000 (1} GOSN e LOPLTL * 10%

U& ()-L "10% U& ()-"d!"L "10% U& ()-L "10% U& ()-L "10%
operzting voltage.

Table 1. Normal states of various combinations

/1-1] polarizers (sheet type) | /{-L polanzers (PBS)

In-well modes (TN-ECB, MTB, MTN, Normally black Normally white
Figure 6SCTN)
Oui-well modes (HFE, RTN, RSTN) Normally white - Normaliiy black

Tavle II. Reflectance for several MTB modes

Twist angle Polarizer angle dAn (um) Reflectance
50° 23° 0.35 10
50° 35° 0.36 1.0
50° - 25° 035 0.94
60° 25° 0.32 1.0
60° 35° 0.35 0.97
€0° 30° 0.34 1.0
70° 30° 0351 1.0
70° 25° 0.30 10
70° 36° 0.34 0.95
80° 30° 3 0.9
30° 20° 0.26 0.97
80° 21° 0.28 1.0
90° 25° 0.26 0.87
90° 30° 0.3 0.83
%0° 20° 0.24 0.9
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CLAIMS

L. A method of making a single polariser reflective liquid crystal display

device with an angle a between the polariser and the input director of the liquid

crystal device, twist angle ¢, retardation dAn, and Reflectance R, characterised

in that the method comprises selecting a value for o and a minimum threshold

for the desired reflectance, using the equation below to plot the parameter space

which satifies the desired reflectance, and selecting values for «, ¢ and dAn

which satisfy the following equation:

coso| |2
R= | (-sinacosa).H. M(¢). H' . M(-¢) . 1)
sin o,
where H is the rotation matrix
cosp sind
H= 2
-sind cos¢

where M is the Jones matrix of the liquid crystal cell given by

A-iB -C-iD
M= )
C-iD A+iB

q
where A =cos ¢ cos pd + — sin ¢ sin fd 4)
Ka P
= — cos ¢ sin ®)
p
q
C =sin ¢ cos fd — — sin ¢ sin pd ©)
' B
Ka
= —— sin ¢ sin pd @)
p

and in eq. (4)-(7), ¢ = 27/p. where p is the pitch of the LC cell; and
p=lk’+q1" ®)
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and the pitch is related to ¢ by

" 1094

oy

qd=¢ ©)
and ka=mAn/A (10)
where An=n;,—n, (1)
2. A method according to Claim 1, wherein R > 0.7.
3. A method according to Claim 2, characterised by an angle of 0 + 2° or

90 + 2° between the polariser and the input director of the liquid crystal cell, and

by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

4, A method according to Claim 2, characterised by an angle of 5 * 2° or

95 + 2° between the polariser and the input director of the liquid crystal cell, and

by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

5. A method according to Claim 2, characterised by an angle of 10 £ 2% or

100 £ 2° between the polariser and the input director of the liquid crystal cell,

and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

S
oy

L
L
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6. A method according to Claim 2, characterised by an angle of 15 + 2° or
105 + 2° between the polariser and the input director of the liquid crystal cell,
and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

7. A method according to Claim 2, characterised by an angle of 20 + 2° or
110 + 2° between the polariser and the input director of the liquid crystal cell,
and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

8. A method according to Claim 2, characterised by an angle of 25 + 2° or
115 + 2° between the polariser and the input director of the liquid crystal cell,
and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

9. A method according to Claim 2, characterised by an angle of 30 + 2° or
120 + 2° between the polariser and the input director of the liquid crystal cell,
and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

10. A method according to Claim 2, characterised by an angle of 35 + 2% or
125 + 2° between the polariser and the input director of the liquid crystal cell,
and by a twist angle ¢ and retardation dAn given by values bounded by R = 0.7

contour lines.

11. A method according to Claim 2, characterised by an angle of 40 + 2% or

130 + 2° between the polariser and the input director of the liquid crystal cell,
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