21 013 47 TRANSFLECTI Ve LI QUI D CRYSTAL DI SPLAY. The present invention
- coficernt liquid crystal displays and, nore particularly, a novel.
transflectived liquid crystal display providing bright viewable agiﬂjf?’%?
the activated condition, responsive either to 5 reflected or tr '
light. It is well known to utilise a liquid crystal display to provide a
Kowr powes - consunption di splay which will - not wash out when viewed in
direct daylight.. Displays 10 of high krijght ness and acceptabl e contrast
ratio may be provided by utilising a cholesteric host liquid crystal
materi al with guest dichroic dye, as described by Wiite and Taylor, in the
Journal - of Applied PhysrraNSF¥FRECT4AVE pagurd’ BRYshdt4 )prsbnsy f or m of di spl ay
has 15 acceptabl e vi ewabitity—at—npderate.tohigh-anbicnt. . light levels; in
a low anbient light level situation, an external |ight source is typically
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- not wash out when viewed in direct daylight. Displays
10 of high_brightness'and acceptable contrast ratio may be
provided by utilising a cholesteric host liquid crystal
material with guest dichroic dye, as described'by
White and Taylor, in the Journal of Applied Physics,
Vol. 45, page 4718 (1974). This form of display has
15 acdeptable viewability at moderate-~to-high ambient
light levels; in a low ambient light level situation,
an external light source is typically required for
the display to be viewable.. Two external illumination
. methods are known: Gédge illumination and back illum-
20 ination. 1In the first technique, a iight_source'is
positioned in front; and at one edge, of the display
cell, with light rays being.difected'by a wedge~shaped
- plate of glass or plastic, positioned in front of the
. display, toward the display cell. Lith rays generally
25 fall upon the.display at a grazing angle, of approxim-
ately 15 to 20 degrees. At this incidence angle, a
"component of light is aBsorbed_by molecules'in the
activated state, thereby degrading contrast. Further,
the wedge illumination®technique is relatively costly
'30. and cumbersome. Back illumination has hitherto been
even less successful as, by ;eflectioh, light passes
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Yhe display. is designed to have sufficient brightness. H gherto, no
tical schene has been available to view a guest-host |liquid crystar =+ =
lay cell, such as a 5 chol esteric display cell, by either = ’
nsm ssion or reflection mAth_suff|C|ent contrast ratio and brlghtness in
"both the transm ssive and reflective nodes. _ Accor- dingly, it is highly
desirable to. provide a di splay which is t rarksftective, i.e. viewable by ’z:g
o/
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tively low attenuation of any"polarised light passing
therethrough and which in an unactivated condition provide
substantial attenuation of light having random polarisation

20 or'ciroular:polarisation of a first handeédness sense,
the cell having a first surface viewable by an observer
and a second surface opposite the first surface; trans-
flector means directly adjacent the cell second surf'ace
for reflecting back to the cell a relatively'large pro-

25 portion of light incident therefrom and for transmitting
a relatively smaller proportion of light ineident from
the opposite direction, means disposed beyond the trans-

' flector means with respect to the cell for linearly
polarising light in a first direction; and means sand-

30 wiched between the transflector and polarizingmeans “for
imparting circular polarisation to linearly polarised
light ineident from the polarising means and travelling
toward the transflector means; the circularly-polarizmg
‘means imparting to the light a twist-handedness sense

35 opposite to that of the guest-host molecules in their
unactivated state; the cell appearing dark in the un-
activated condition and bright in the activated condition
when viewed by transmitted or.reflectedilight.



-3- In the acconpanying. drawi ngs, by way of exanple only: Figures la and Ib

aretparttal perspective views of 5 a display enbodying the present :

i nvention, the display being-illustrated respectively in the reflected and

transnltted nodes of operation. Referring initially to Figure la, a

transflective 10 liquid crystal display 10 includes a liquid crystal

dmsplay cell 11 having a front substrate 12 and rear substrate 14 of a
stantially transparent material, such fs-glass and the like. At

| edst.oné substant- ially transparent and conductive front el ectrode 16, 15

such as upper front electrode 16a and | ower front el ectrode 16b, are:

f abri cat ed uponIfhthenaecompanying drawingsy bybey £ éXampbel e at | east

one substantial Jyj{,kansparent and conductive rear electrode 18, such as

upper rear electro e 18a and | ower rear electrode 18b, 20 are fabricated

upon the interior surface of rear substrate 14. As is known in the art,

el'ectrodes 16 apdghBeBnyabntaly ehlethatte 10 Inub 4 V\%vé'@i@%édSF i ndi um

tin oxide ang t he —Cont ai Med by seal 1 ng neans are not shown)
I

bet ween t he eEt?GEBi aysepbodying fie Rresent npventiers Bhefront and
rear substratesdigpdag béing. allmwra&(éd)fréspé&ﬂsﬁéwtﬁh gRéerial . Layer-

20 is advant agegu f .a_di,chroic l.i stal_material, in which
di chroi c dye nDF%iE%ggegoﬁngr SFTANSIL % W? 95nﬁ§i?§?¥ﬂ ORost 30 nateri al
20b. Illustratively, the liquid crystal naterial is of a cholesteric type,

the mol ecures apEeEringy inTh ity hal R B 4 7 SR e RS, e ool |
wal | s, mheleheléﬁuidlgryﬁtQQ dﬂh@lauaén\mncﬁuﬂes(aw&iqnhdacrgsealrlc
field does not gxkgiapebwrsn1h’ aavingPa Pty WiSstdadld%38na rear
substrate 14 of a substantially transparent materia;,
such as glass and the like. At least one substant-
_ ially transparent and conductive front electrode 16,
15 'such as upper front electrode 16a and lower front
electrode 16b, are fabricated upon the interior surface
‘of front substrate 12, while at least one substantlally
transparent and conductive rear electrode 18, such as;
upper rear electrode 18a and lower rear electrode 18b,
20 are fabricated upon the interior surface of rear
substrate 14. As is known in the art, electrodés 16
and 18 may be fabricated of indium oxide, tin oxide,
indium tin oxide and the like. Contained (by sealing
means which are not shown) between the electrode-
25 bearing interior facing surfaces of front and rear
substrates 12 and 14 is a layer 20 of liquid crystal
‘material. Layer 20 is advantageously of a dichroic
. 1liquid crystal material, in which dichroic dye
" molecules 20a are a guest in a liquid crystal host
30 material 20b. Illustratively, the liquid crystal
"material is of a cholesteric type, whereby the liquid
crystal molecules 20b assume a helical orientation
with the molecules substantially parallel and twisted
with respect to the cell walls, when the cell is in
35 the inactive state (wherein an electric field does
not exist between front rear-electredes 16 and 18),

(&



¥%- i.e. when a voltage source 22 is not effectiwvely connected, through

i\t chi ng means 24, between-front and rear electrodes 16 and 18.  Wth =« #
fﬁﬁtching means 24 open, the liquid crystal material nol ecules 20b 5 assune-
ir normal orientation, illustratively the helical cholesteriic = -

i entation, whereby guest dichroic dye nolecules 20a al so have a hellcal_4*
orientation. The unexcited condition is shown by those |iquid crystal host"-
nol ecul es and guest dichroic dye nolecdl es in the 10 upper portion of the
illustrative cell, between upper electrodes 16a and 18a. Upon cl osure of SJ )
switch means 24, an electric field is forned between the front and rear
el ectrodes ank.ehewhén &aivaldageysocuraen|2 dlsnel ccffeckivebyassune t he
nomeol r opl ¢ dhletegy. mbﬁghh%wlﬁ@m@t Heddd!24 OetYEan! PELRET)

substantial ly perpen ane "o ront rear el ectrodes -16
and 18. 1TmeQR@|¥%§§deé€ﬁ§FPﬁ6ﬁ A§ ap&vd8.n itk seitehingonearsl (11, 20
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Upon closure of switch means 24, an electric field is
formed between the front and rear electrodes and the

15 - liquid crystal molecules are caused to assume the _
homeotropic orientation, with their director (the lbng-'
axes thereof)'substantially perpendicular to the plane
of front and rear electrodes 16 and 18. The activated
condition is shown in the lower part of cell 11,

20 between front and rear electrodes 16b and 18b,
respectively. Baving assumed the homeotropic orientat-~
ion, liquid crystal moleeules 20b' cause the guest '
dichroic dye molecules 20a' to also assume the
homeotropie orientation, with the elongated director

25 axes thereof also substantially perpendicular to the
electrode planes.

Arranged Sequentially behind rear substrate exterior
surface l4a is a diffuse~transflector 30, preferably
30 of a metallic material, which has a high degree of,
' but less than-complete, reflectance and which has a
. low degree of transmission. Typically, transmission
of about 5% tofabout_lO% of light'threugh:transflector
means 30 is desirable. A quarter—waﬁe retarder means



40 i s sandw ched between transflector nmeans 30 and' a |inear polarising
nmeafAs+*50v The quarter-wave retarder neans optical axis 40a is set at about
a 450 angle wisth respect to the linear polarisation 5 'axis 50a of |inear
polarisatison nmeans 50. It will be seen that the quarter-wave retarder neans
40 cah be positioned at about a [err] angle with respect to |linear
pQLariser means 50 in either of two conditions, to give either right-handed
eft-handed circularly 10 pol ari sed-l isght . The retarder means handedness
|s\ebp03|te to the handedness of the helical tw st of the cholesteric
liquid crystal host nol ecules, as viewed.in the direction of |ight ray
travel through th@Odispbaydwﬂchednbetwebnntth@sfkanhunamﬁhns 3Q5§mdbed

behi nd | inear pol ari ] ng . el SRt '
furthest fron1cel$'%§h§gggséﬁgriglpg Qeﬁﬁsggg}atlon q&gﬁégare ectlve node
of Figure la, 20 x@bar erlmgnnsmptm:eﬂ-sam@ f4Qgntiss et rak aboubfat he cel |

11 of display 10.44®bjigatel ,9kh Fspect! torttMNlez i sde16h0N bY

t he unpol arised |i ght véctors_70a.. In_the unactivated state,_cell_11 has

the dichroic dge %%iécﬁpés°§0&iéséﬁeP&@?ﬁéﬁ?ﬁﬂqﬁyﬂQPQES@9 Hoswill
chol esteric |iquiBeCcs¥ghatnael enel @a&@hﬁ-@a&&&*dﬁ‘aﬁdémxﬁéaﬁbsloueéﬂre and
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re-enters . 10 polarised light. The retarder means handedness is .
' opposite to the handedness of the helical twist of
the cholesteric liquid crystal host molecules, as
viewed .in the direction of light ray travel. through
the display. A transmission light source 60 is
15 placed behind linear polarising means 50, and is the
" ‘element of display 10 furthest from cell 1l (see
Figure 1b).

' In'operétion,-in’thé reflective mode of Figure la,
20 ambient light 70 enters the front substrate 12 of
' the'cell 11 of display 10. Ambient light 70 is of
random polarisation, as shown by the'unpdlarised light
vectors 70a. In the unactivated state, cell 11 has
the dichroic dye molecules 20a cooperatively aligned
25 - with host cholesteric liquid crystal molecules 20b
in a helical twisted structure and substantially
absorbs incident light 70. Preferentially, the
fraction of light 72 exiting from cell rear surface
l4a is somewhat elliptically or circularly polarised.
30 Attenuated light 72 is substantially reflected and
diffused by subsequentially encountered diffuse
transflector mean$ 30. . The reflected light ray 74,
now of opposite handedness as light ray 72, re-enters



-6- the cell and is again substantially attenuated by the helically-aligned

Al chroi ¢ dye nol ecul es. Advant ageously, the anmount of absorption e e
ycountered by entering |light ray 70, during the forward and 5 : reverse’
dssages through cell 11, is sufficient to substantially conpletely -absorb

e light, whereby exiting light ray 76 is of substantially zero anplitude.

A viewer therefore views the inactivated display portion as belng in the ¥,/
dark condition. 10 Wien the cell is kn6thke active condition in the

reflective case Cbottom portion of Figure lal, the incident light ray 70 ‘*’
encounters the dichroic dye nol ecul es 20 aligned in the direction of ray .
travel, .15 .\Mhﬁeﬂg&lﬁaﬁ&uﬁsaagemnasubstahtueédw7@ttﬁnnﬁtﬁdTherefore t he

randon1y-po|a&ﬁ;qsﬁgx5é*¥ga?f§ngi§?nsa ﬁfdﬂ%§i 'aggﬂddiéﬁ gr anplitude

t han beam 72 e Cé unattrva case I's reflected and
di ffused by tAdwdntageruslynehhelsnanats efuabsonption eneranteredof

substantial argy idgeler inGepuRe Layenon dutdlg the ARASAEd heset hrough
Wi t hout substa ttehuation an rges a [ e m 76 vi ewabl e
by a viewdr stERVSFSR PASFRGRE SProwgn Fgﬁﬂtqéub égﬁéﬁék ek EPore, the
activated 25 s@bmwﬂy démpleeely RBswib agnd rnsigmtﬂawkeﬂeaybackgr ound
(of unact] vat e POLL OThne"day" 78590 o IARGOL i blatde vicuer,
vi ewabl e overam@rutmﬂenemAnglewgketﬁauefonEﬂyiﬁwsxthettnahelmatedl ‘to the
light doss nottbfebfriierFgn, <8, betey FETE %ﬂﬁ%’*"é’gﬁéfﬁﬂ“ﬁ.éﬁ? y”b ik
by I|ght]ﬂhanat|ng from rear
When the cell is in the active conditlon in the
reflective case (bottom portion of Figure 13a), the
incident light ray 70" encounterthhe;dichroiC'dye
molecules 20':aligned in the direction of ray travel,
15 whereby minimum attenuation of beam 70' occurs.
' Therefore, the randomly-polarised exiting beam 72°'
is of substantially greater amplitude than beam 72
in. the cell-unactivated case. Beam 72' is reflected
" and diffused by transflector element 30 and returns
20 as a beam 74' of substantial amplitude. Beam 74
‘re~enters cell 11, passes therethrough without
substantial attenuation and emerges as a ‘bright
beam 76°', viewable By a viewer stationed in front
of cell front substrate 12. Therefore, the activated
25 display cell 11 appears bright against a darkened
' backgroundf(of unactivated portions) and is seen in
high cOntrast by the viewer. Because transflector
30 also acts as a diffuser, the bright portion is
viewable over a large viewing angle, with respect
30 to the normal to the front cell substrate surface.

in the transmissive mode CFigure 1b), ambient light
does not enter the front substrate 12 of the cell.
The display is lit by light emanating from rear



-7- source 60. In the unactivated-cell condition (upper portion of cell (E};
11)* the'light beam 80 fromsource 60 is initially randomy pol arised, as
shown by the I'ight electric field vectors 80a. Beam 80 5 . passes t hrough
| i near pol’arising nmeans 50, whereby the exiting beam 82 i s substantial l'y
linearly polarised with electric field vectors 82a only in the direction
pawal lel to the polarisation vector 50a of nmeans 50. In the iIlustrated
enbodlnent 10 pol ari sati on vectors B2A4 7re vertical. = The vertic-

polarlsed beam 82 passes through quarter wave retarder neans and

energes as a beam 33: éi |sat|on ctorpgﬂa The

circul arly- -pol ari% cFeoe Fﬂ"cﬁ t QP

transm ssive tramuﬁpan(portinn;df)cahﬂ BDPFgeneasighaobewﬁa@og&&emuated
OPEEu a1 o ar B S PR LR, ARG om0 o e 1
hel.ical |y orrentéﬂ’mhﬁ1 qhthﬁiam#xﬁmlétek@aveeﬁorsTBQa. geam 80 th. |
circularly- pglar Cﬁ@ﬂr s aggde m t he
hel.i cal tw st se‘rgsé"eﬂ ?@;: the dichrolc %tg:ﬁga@tsg:ﬁg%ﬁgagi %yts)t aIt ;
m xture. Dye nol % unactivate
cell. ACCOdengbnldﬁﬁséﬁ3wiﬁﬂ“éléﬁtﬁ@@ﬂfﬁ@ldsvéétéﬂgsBéﬁtbﬁhbyiﬁpro i ght

b o ke o Bhelpn st of FagaTi L ESitneruetiribarion aerean o ooy
transflector nmeas©a3®f medrse 5a.ansmsrsme1einpdetr39ea éﬁauagm%gtqbgrh Seﬂggls |
Lo e TA 30, L BRI g, E PR RN & |
ally-polarised beam 82 passes through quarter—wave
retarder means and emerges as a beam 84 with a
circular polarisation vector 84a. The circularlyé
- polarised beam 84 passes through. the partially-
15 ' transmissive transflector means 30 and' emerges as
: ‘a somewhat attenuated beam 86, still having circular -
-polarisation vector 86a. The circularly-polarised
‘light beam 86 enters the cell 11 and encouhters
. the helically oriented dicliroic dye molecules 20a.
20 The circularly-polarised light beam 86 is of the
opposite handedness from the helical twist sense
of the dichroic dye-cholesteric host liquid crystal
mixture. Dye molecules 20a substantially absorb -
~beam 86 in the unactivated cell. Accordingly, the
25  exiting beam 88 is of substantially zero light
amplitude, whereby the upper portion of cell 11, in
-transmissive operation, appears dark to an observer.
It will be seen that the attenuation through
transflector means 30, in the transmissive mode,-
30 should be about equal to the sum of the attenuatlon
due to one passage through the cell. plus loss at.
reflectance by the transflector means in the reflect-
ive mode.




_8- Vhen switch 24 is closed, and the cell activated, as in the | ower
portion of cell 11 of Figure |Ib, the entering random y-polarised ray 80" v &

still linearly polarised by passage through linear- 5 polarising neans 50.
he emerging linearly-polarised ray 82' passes through the quarter-wave
etarder neans 40 and energes as circularly-polarised beam84'. After

" passage through the partially transnissive reflector means 30, the sonmewhat? _
attenuated, circular- 10 . pol arised beam 86' enters cell 11. As the cell —
S activated, the host liquid crystdl $mTerial and the guest dichroic dye-
mol ecul es are all substantially allgned I n the honeotropic orlentatlon
substantial l'y rpendi cul ar- to, the cell The glrculaﬂ

eéeru wi th

wal | s,
pol ari sed-ray FUiel 448 L du g ‘%h%hﬁ get
T e: atively li thge iaf el diowey poRtipmdofiscellayls8sE, Fg.qul rieg 10,1 q-_gi@r
po arlsatlon -and,a. on zer Vi, Si o0 an observer.
20 I't will gﬂgﬁ (aQégkxééi%ﬁéégavﬁ?gdhéta?é sgg cell portion-. of
~display 10 appéaneawiﬁ<pniariseﬁmhyvpassagelthEougheldaEhaet|ve or

transm ssige %g_ar C§d vat.ﬂqea&bérggﬁ%bign@grtl%ﬁ%ﬁ&%(egﬁc@l ay

appears, in e| as a - rlght are server I on of
“twist of the craaru|83r| memtfmpw?ghthenquo:tenewam setanden i qui d

crystal 30 - CERGN WOkl Srfr d8W 04 AOLEcAILKI VUL BTN By | Ve case,

wherein the circular polarisationhs are so arrangéd as_to opposi te one

another in a dPfccti &FtET |RafRaqe drhweushokher BAFERALAY, trom SHsS TS
through to t he riFgRictdY nddr(36)ERE€CsomdwHAt hEtenuated, circular-

10 polarised beam 86' enters cell 11. As the cell is
| activated, the host liQuid crystal matérial and the

guest dichroic dye molecules are all substantially
aligned in the homeotropic orientation, substantlally

' perpendicular to the cell walls. The circularly-

15 polarised—ray 86" therefore passes through the liquid
crystal cell with relat;vely_1itt1e.attenuation,
emerging as a ray_88',_having'circular polarisation
and a non—zero amplitude. Ray 88'-is_visible'to an_
observer.

20 . ) o _ _

‘It will be seen that in the cell-unactivated state, -

each celllportion of display 1O appears dark to an.

observer in either the reflective Qr transmissive
mode, while each activated cell. portzon of the

25 display appears, in either mode, as a bright area
to an observer.r -

Theidirection of twist of the eircularlyfpoiarised
light and of the cholesteric liquid crystal -
30 composition are of importance onlyfin_the transmiss-
-~ ive case, wherein the circular polarisations are so
_arranged as to be opposite one another in a direction
of light transmission from the rear of the cell
through to the observable front surface. Thus, in



-9- the illustrated exanple, light ray 86 has a | eft- handed
(c®dunt ercl ockwi se) polarisation, with respect to.its direction of travel
whiI’'e Iiquid-crystal nolecules 20b are established, as by nmeans of a chi
5 additive which inparts a twi st of the dichroic chol esteric liquid crystal
| ayer, to have -circular- polarity of the "opposite handedness", i.e.
.L,ght handed or cl ockwise, twist in the direction fromrear substrate 14
forward toward front substrate 12. ThiS condition 10 results in | i ght
propagating across the long axis of the dye nol ecul es and hence assures

substantial |ighi 3bsacetaead Uafiile Adaut iy 86 NEddloR Lugpal ar sed

light in both the _reflective an nsn1SS|ve des are ed, while the
intensity of thandedcirapnferslogkwisedePlianik S##i@#maW%ﬁéo??ﬁBﬁétal|gned

di gh{mtc |:|C1U|€ocl’l§t tahraak:l%habfofutdwlt,r afilﬁifméﬂ.i/ 11%%1-&‘9{:3!1 state is

substantially ineffectiv n one ce ad

substrate-to- s’B‘BS &5‘852 b px& ﬁ&%% s o?yllﬁe?ﬁﬁr%ﬁs fhigal

BﬁneEtéophcsbouﬂdﬁtﬁveomﬂdbroﬂmpaﬁtﬂﬂasﬁuihtﬂoﬂftheﬂdichndﬂcsurfages tA
ac i chroic c ced into

the cell. The Fﬁ§3e§%%?§' t&ﬁq%i{x‘#jﬁﬁ%fg' %%%%h%%%%%%téﬁggggfrons

Transf | ector npaharzﬁymaf &hﬂfﬂgepmaiﬁd|handedn§ssbating, nﬁghhghandad 5%)

transm ssi on, | C e I e at e

surface 14a. Beh g@éﬁ %trggg% g?b 5ﬂ?%?éag@e9%%%a?gg§ﬁgékgnd

| i near polarlsbﬂ gerweré §9m@§ilﬁﬂqn¢|§QQ§§ra ¥3¢ tPhiscepnditdonhe

ref!eCt'Velﬁndﬁesélﬁgnﬁhaihgb%Fb%odg atdnl Hkdsd | €ré aleRg Oéxiggﬁfere
achieved wth gg ht SO rce at ‘an argle of [err] with: res i élgﬁ&
a’

-normal of the ¥eofP §Gpﬂé@banﬂhmﬁ@99(ﬁﬁﬁq ?EP?FF
refl ectance oabaai@m&na@meeeaeh W tala:c%iaﬁujl;ghtiwmeﬁt unpolarised

light in both.the reflective and transmissive modes
are absorbed, while the intensity of the circularly

15 polarised light in ﬁheuhcmeotropicealigned dichroic
liquid crystal material of the transm1351ve, actlvated
'state is substantlally ineffective. '

In -one embodiment,. cell 11 had a substrate-to-substrate

20 spacing on the order of 12 microns, with hcmeotropic
boundary conditions established at ‘the electrode
surfaces. A black dichroic cholesteric liquid crystal
mixture 20 was introduced into the cell. The liquid
crystal mixture had a pitch of about 3. 3 microns.

25 Transflector means 30 was diffuse metallic silver

| -_coating, having abcut 5%_transmission, and was fabricated
directly upon the exterior rear substrate surface l4a.
Behind this "transflector", the quarter-wave retarder
40 and linear poiariseriso were sequentially placed.

30 For this cell, in the re:lective mode, a contrast ratioun
of 12.1 and reflectance of 49% were achieved with a '
light source at an angle of 20° with fespect to the
normal of thé cell front surface, while a contrast ratio
of 11,8 and a reflectance of 37% was achieved with

35 a light source ' '




-10- at a [err] angle with. respect to the cell front substrate surface

mal. |In the transm ssive node, a contrast ratio of -6.8 was achi eved * -
Iling to a contrast ratio of approximately 3.1 when the quarter- 5 ’
e retarder means 40 was renoved). It will be seen that the brightness
of the display operating in the transm ssive node, is established by the
Intensity of light source 60. It will also be seen that the contrast ratio

is highly irrp'roved when quarter-wave X010 retarder neans 40 is present, in
the transm ssive node. A simlar 12 mcron display cell was fabricated and V
filled with another blLack dichroic Ii quid crystal 15 material, wherein

the rear substatatz 300 ahgler wdeh wespectatter the rcelbof:g/omtde surfact ant

and rubbed to %{Q%tijgt ag&ikg% SHBE% bo%dq:r%?e sur% %jﬁ eTﬂgd%ront

surface was orreo ropic UsS€ of "a -suita e sane
transflective Qmontraattuatiwgfplsa@ewa@emqmw céfallirmetpaat i cul ar

liquid crystalg Cfmlfltéel rladoa0R & g %ﬁgf%gzlag 3"“frvﬁﬂén {._ﬁet%g akehlective

node, with the source :at .an h respect e cell .
front surflce wa)vearetaréeﬁtmsep&ég vas rﬁ#‘%’%ﬂ I‘éf?’%&%ahéesggn of

49% were measugRgk thé bPQghtﬁé%@ %E' ‘&emafﬁ 1fa Qfﬁéﬁétiﬁ@th.ﬁ ehed. 9 was
nmeasured. The q uartje.ﬁﬁya tarﬁﬁr was .r.er .and t he: pol-ari si ng nmeans

So was so al i grepsm ?t'a a5t iR the  InERpsity

| i ?lht pol ari S:c‘m nignarrsﬁtrce B?e pa:taMiall ﬂs&md@édncﬁhd?t thes at t he
ce rear surface n_a con ratio _of 3.

achi eved, agal‘?‘u la%ﬁ%ﬁgt 3#iﬁg#h§g'ghq1yc %Vo?‘%r enagu%ﬁtgr Vﬁgel i ght in
the transto ssm@tanderpmeandeé%disstpmﬁsenﬂ,y ig'xdshertrms:nissivet io than

t he mer e 35 ﬁg&eof orthogonal poI arisers.

A similar 12 micron display cell was fabricated
and filled with another black dichrOic liguid crystal
15 material, wherein the rear substrate and electrodes
were. coated With a polyimide surfactant and rubbed- _
to provide parallel surface boundary conditions. The
front surface was made homeotropic by use of a
. 'suitable surfactant and the same transflective
20 structure was placed behind the cell, _ The particular
liquid crystal material had a pitch of about 8 micrens.
In the reflective mode, with_the light source at an
angle of 20° with respect to the cell front surface
normal, a contrast ratio of 10,3 and a reflectance__
‘25 of 49% were measured. In the transmissive mode, a
- contrast ratio of 5 9 was measured The quarter—wave
retarder was removed and the polarising means 50
was so aligned as to be substantially perpendicular
to the light—polarising alignment of the parallel
30 ,boundary conditions at the cell rear surface. In
h this configuration a contrast ratio of 3.1 was
achieved, again demonstrating that circular polaris-
ation of the light in the transmissive mode provides
substantially greater contrast ratio than the mere
'35 use of orthogonal polarisers.



We have found that for l'iquid crystal conpositions having relatively |ong
pi #ch, *on the order of 4 to 8 mcrons, there appears to be sone opti nmum
degree of phase retardation, provided by retarder means- 40, 5 which
provides -elliptically polarised Iight and results in an optinmm display
contrast. However, we have found that circularly polarised |ight of the
-gppropriate handedness will inprove the contrast ratio, with respect to

| 1 nearly or unpolarised |ight. 10 Far 1gxanpl e, when an optically-active
cyénobi phenyl conpound, such as the comercially available CB-15 additi ve,
Is used, circular polarisation in a first direction is achieved. |If other
addi ti ves, suclWwashabel fstindakhatnforaildquaide drsasrtal hompdshtdbnshe 15

ouid Lal el ' ; GRS . r .
Lhat retarder naTEagoheiReaely? 168l BaRAOS e ¢id FErdal SFCaTEY T0S
t he opposite ha®deiierens,othepeoappeams &t beAcomeliopft imur hdégseeri ¢
diohrobooli qui ) ; i h
fut ot sonse carChebiady FREEENZEIBROCO b 1adl MO LAY féaad 85,21 15
neans 40 ami/ orvhéfhr psevidesnelidptialdys pdassed gt e of the

present inventigagdrts DASaheeprdana diaplay Cimidadel e Howapey ,modi fi c-
ations and variations w_ | now becone apparént to those skilled_in the art
For - exanpl e,- néﬁ%tpﬁgeaﬁPEBarGaﬁthﬁéFQH%ﬂq%ﬁ(99%%?%&9411%ﬁﬁtp?§cﬁhﬁay be
used to give a dpﬁﬁb?ﬁatéhhdaabdﬁwsaeﬁms.m&re?&heId:@:htraaﬁkgr ound;
the use of colourg [

transition noneht-pR
are al so chdt enpbnt edample, when an optically~active cyanobiphenyl

compound, such as the commercially available CB-15
additive, is used, circular polarisation in a first
direction is achieved. If other additives, such as
cholesteral nonanocate, are used, the pitch of the
15 liquid crystal composition twists in an opposite
direction and requires that retarder means_40b be
adjusted to give circularly polarised light of the
opposite hgndedness-to_imprové contrast. Accordingly,
cholesteric dichroic liquid crystal material phase
20 change display cells of either twist sense can be
uséd in-display 10, by choosing the appropriate
retarder means 40 and/or polariser means 50.

While a spedific embodiment of the present invention

25 has béen described in detail herein, many modific-
ations and variaticns wili now become apparent to-
those skilled in the art. For example, negative
énisotropy host cholesterics with 1ong pitch may be
used to give a display with dark characters. on a

30 1light background; the use of coloured filters,
;sotropic dyes, or dyes which have their transition
moment perpendicular to the long axis, and similar
modifications are also contemplated. |

Y

e appropriate fetarder

' RRBPCBRIPaCs Bs TARREhY £ SPIAT 3P rbiPhFeat | ons



-12- CLAIMS 1. A display viewable by reflected or transmtted |ight,
nprising: a liquid crystal display cell having guest-host nol ecul es Whith
‘an activated condition-provide 5 relatively low attenuation of any
ari sed I| ht erethrough and which in an unactivated condition
ovi de s i mHi ation of light having random pol ari sation or

cjrcular a first handedness sense, the cell having a flrst\/

10 surface V|emable by an observer,and a second surface opposite the :

first surface; transflector neans d'r%%iTy adj acent the cell second surfacé"

for reflecting back to the cell a relatively large proportion of Iight

I nci dent there- AIMglwanland for transmtting a relatively smaller

proportion of_Ii§$+-rﬂt|dent fromthe opposite direction; nmeans di sposed

beyond the transflector means with respect to the cel | for linearly
polarising 20 qlght i1y aifdgrdy %{&kabee: bFnFleFEaateaaninkeandniehieren
the transflector and pol ari sing neans for inparting circular polarisation

to linearly polaﬁ¥§ﬂ¥dlﬁﬂﬂ9”#ﬂ§Qﬁwn from t he pol arising nmeans and

travel l'ing Eoward the tri'ananaﬁi cxf-jtrsﬁ&prdgspmsy &belcna@uhgl @fw{ﬁ’r"'tsw ][lg
nmeans inparting Wi S andedn osite.to that o
the guest-host mﬁéiﬁHQif Eﬂh*éh AR 3¢ %%ﬁggaaana?ﬁg% ePFOX38&8ar i ng |
dark in theSunactielaticry low caiténwatbon bfi ghy polabkésadt ldahed :
. condi tion mhen VE%%%%AE’éné¥§¥ﬂ$é&§h°£n&eLh§8heﬂn'hﬁhhnaéﬁivated

condition provide substantial attenuation of light

having random polarisation or circular'polarisation
of a first handedness sense,'the cell'having a first
10 ‘surface viewable by an observer and a second surface
' opposite the first surface;
' transflector means directly adjacent the cell
second surface for reflecting back to the cell a
relatively large proportion of light incident there- -

15 from and for transmitting a relatively smaller
- proportion of light incident from the opposite
direction; '

means disposed beyond the transflector means
with respect to the cell for linearly polarising

20 light in a first direction; and

means sandwiched between the transflector and
polarising means for imparting circular polarisation
to linearly polarised light incident from the
polarising means and travelling toward the trans-

25 flector means; the circularly-polarizing means
iﬁparting to the light a twist-handedness sense
opposite to that of the guest-host molecules in
their unactivated state;"

T the cell ‘appearing dark in the unactivated

30 condition and bright in the activated condition
when viewed by transmitted or reflected'light; |

35



-13- 2. The display of daim1l, further conprising a |ight source
posi*¥i éned beyond the |inear polarising neans wth respect—to—ttie cell,
-3. The-display of Caim1l or Gaim2, wherein the J
pol ari sati'on means is a quarter-wave ret arder 48“‘““ \“ ﬁ“m W of Clarm
3, wherein the quarter- 10 wave retarder has I gned at
Qn angle of -[err] with the polarisation axis of: the 15 near pol ari si ng
neans. 5. A display according to any one of the preceding 15
Chdims, wherein the transflector is a diffusk3metallic menber. 6. A
di splay according to Caim5, wherein the transflector neans transmts

_about 5% of inpingent 20 ‘light therethrough. 7. A di spl ay according
to any one of the2preced|ﬂgecﬂéﬁmdaMMﬁﬁeﬁhanmmﬂ(XﬁurﬂhﬂﬂlnnmmEnQRmSta

di chroic dye di ssglhygg 53u?°cg0§tosli:§qw LT3/ THE I Meapdrartsin

di splay of Caim/, “whe material 1s a este
material . O. mpagss P &R £@é@ﬁ&ﬁu}Q(¥ﬂﬂnFQﬁﬁ?cﬁ t e precedi ng 30
cl aims, wherein the transflector nmeans i s non- depolarising. 10. A
di spl ay substanti al | as ei scribed with reference to the ,
accgnpgnyln dra ngg dQsﬁiay of(%lalm { or é?glm f, £here1n

- the circular polarisation means is a quarter-wave

retarder.
4. , The display of Claim 3, wherein the quarter-
10 wave retarder has an optical axis aligned at an angle

of 45° with the polarisation axis of the linear
polarising means.

5. A display according to any one of the preceding
15 claims, wherein the transflector is a diffuse metallic
member. '

6. A display according to Claim 5, wherein the
transflector means transmits about 5% of impingent
20 light therethrough.

7.. A display according to any one of the preceding
claims, wherein the cell includes a guest dichroice
dye dissolved in a host liquid erystal material.

25 :
8. The display of Claim 7, wherein the liquid
crystal material is a cholesteric material.

9. A display according to any one of the precedlng
30 claims, wherein the transflector means is non-
depolarising.

10. A display substantially as herein described
with reference to the accompanying drawings.

35




