2051394 sinplified field effect twisted nematic |liquid.-The present. U{
invention relates to el ectro-optical “devi:ces+and, nore particularly, to
those~of the field effect, twi sted nematic liquid cryst2u15§faug ing a
sinplified sandwi ch construction: 5 Aliquid c ) gglay

dewice of the field effect, tw sted-nfmatic type car be generally obtained

by interposing a nematic liquid crystal conmpound or m xture having positive

dielectric ag Iy R8s Hﬁ%iﬁ §drad - cth 10 and
associ ated | %Eﬁc"‘?&%g al 1 gnmen ans. pi"fypl ca’lq-: pﬁﬁg di‘ggﬁé’}/bdevi ce is

. Vi
constructed usURYSTRIC ETHIGPRAY WBGRT (BRI front substrate carrying one

or nore transparent electrode |layers, e.g. tin oxide, patterned to define
nunerals, letters or other 15 display information and the rear substrate
carrying one or [Fhee presrersl evenktsonl reflateiset neaxipgd trak opt bysl t he

substrates have alignnment neans associat- ed therewt t the jnterface
with the 3#&&Fesc@§.a|mqr@imﬁ°%# ¥ & &ResR ’??thbei qui d

crystal 2 arr, ' [ gg% c 2 LaNiL L [ ' pattern

par al | el .ggfpég"s&baslt@r a esr;Gﬁn ?sfkgﬁﬁ'gaﬁrbagt{{%ir riﬂﬂ%' rc%# rofled or

real i gnedabyiinbe ifiRld criddnich cofistiakkdosi.ectric field between the front
and rear electrodes to vary the optical rotation through the 25 |iquid

crystdl 'Layer. A Bjlawid cmrstal odisplem deniscomd iwhe dhtelfith the aid
o1 CrossegeRReR!! 1814 HedE0E' 85 Yol B Gl Ui APY Tear €l eCFerG&
obtained by interposing = nematic liquid crystal
compound or mixture having positiﬁe dieleactric
anisotropy betweeg'a spaced front aud reav tlectrode .
‘10 and associated liquid crystal'alignment'means.
Typically, the displéj device is coustructad using
spaced glass substrates, the front substrate carrying
one or more transparent electrode layers, e.g. tin
oxide, patterned to define numerals, letters or other
15 diéplay information and the rear substrate carrying
one or more rear electrodes. In twisted nematic
displays, the substrates havé alignment means associate~
ed therewith at the interface with the liguid crystai
to impart optical rotary power to the liquid crystal
20 by arranging its molécules initially in a helical
pattern psrzliel.to the substrates, Tnis helical
~ pattern is controlled cr resligzned by the application
of a suitable electric field between the front and rear
electrodes to vary the optical rotatiou thzough rhe
25 1liquid crystal layer. 3By this variation in optical

rotation 2nd with the aid of crossed polarizer layers

-

associaced with the front and rear alsctrcdes i€

s o

{.



i nformation. In the past, the ali'gnnent neans associated with the

el ectrddes of ,the display have taken 5 several forms. One known neans
for inparting the initial helical alignment,to the liquid crystal has been
to rub the glass substrate in one * dTr%cfion with a cloth or other
material after the : el ectrode | ayers have been applied and then to 10
pl ace the substrates in spaced apart relation with the direction of rubbing

on one substrate bej erpendjcul ar to that. on the other,. .Thin |ayers or
films of materi alt‘ﬁiﬁr‘?#gsn%?ﬁ%% %‘!‘Pb‘giﬁ‘-’XﬁS@Taf‘éanéxndﬁﬁéﬁﬁed to the
substrates and ruyhhedd Qg tOPR{ & P OPRBALmaRabacCt eristics thereto as
shown in U.S. Pat ent 4]%68L 23. Ac%o?g+¥g£§g anot her nethod, the substrates
are rubbed as descri bed hH9otiee apalstsybsheguabiiumentapeanst adisokiatedlye i s

applied onto the ruhbed surface and dried so that a film 20_ having
al i gnment as wel IWHsh fehereleckrodes -ef cthet dtsplayr baveqtakea ¢ “see

"U. S. Pat ent 3,731, I LI t e gu n e.sl ope
evapor ati on r‘?et hos?é%%%aél S ’g‘{)ér at e@%r%q%vécéggg? gﬁbi 2%?%3&% itg‘r?t gt i on
refative to a sourpkr DAl i WOl DEAL CalBghmeat 86 thucRiaaid kirgetadxide and a

layer of mmterial is deposited on the substrates by vapour deposition at a
presel ect efl ori erhags ikeen tte webothe cglaagesubstratig in anegnnent film
@ ] '

- direction with a cloth or other material after the

twi.sted-nematic liquid crystat di'splay device can be used to display . ((é

electrode layers have been applied and then to
10 place the substrates in spaced-apart relation
with the direction of rubbing on one substrate
being perpendicular to that on the other. Thin layers
or films of material such as polyimide resin have
also been appliad to the substrates and rubbed to
15 impart alignmenc characteristics thereto as shown
“in U.S.Patgnt 4,068,923, According to another
method, the Subétrates are rubbed as described above
and subsequently a layer of dichroic dye is applied
onto the rubbed surface and dried so that a film
20 having alignment as well as polarizing characteristics
is formed; e.g. see U.S.Patent 3,731,986, ~In
" still another techniqué kﬁqwn as the slope evaporation
method, the substrates are placed at an inclined
& orientation relative to a source of inorganjc material
25 such as silicon oxide and a layer of material
is deposited on the substratas by vapour deposition
at a preselected orientatidn, the deposited layer
forming an alignment film,
Further; it is known that certain nematic.

30 1liquid crystal materials exhibit polarizing character-



Further it is known that certain nematic 30 liquid crystal materials
hi bit pol arizing character- istics on their own and.that:-such a -
dqhatic material can be solidified on a substrate in the presence of ans
enting field generated by ruQbing, brushing, stretchi.ng or appl yi ng an
st’'ectric or magnetic 5 field to forma solid, permanently oriented ‘.
polarizer film e.g. as described in U S. Patent 2,400,877. However, - N
comercial tw sted nenmatic Irquid crystal displays have used .external

sheets of polarizing materi al acent the exterior surfaces of the 10
substrattséslmtomftlmtwa@wnmnd t: 8t| syghd ac npgefiicmmatiarial These |iquid

| b d d/ ! i de. |If
ChLot 2o e, LA r L8038 o BubBE£hRl, 15 the BiEelingd BET 251 vF e |
i's pl acg cﬁ::ir;dcr[@iﬁé‘dffélec Shetheeledy PALNINES' Hﬁé@ﬁrﬁé the display. On

t he ot her S sone | mes necesSary to operate t he drsplay I'n both
nodes, stretscleing eor napplying aat ebedisdcaps mmgnegitay and night tine.

'O AaIl 15 | £ a1 SOKLE, CREFRABPRELY ORIGRERT ARVEAZET ght dur ng day
(1 e, TR 01! et BUBRAVHE 0.5, DB Ay pour o2 beni 10 the
a tran&{mﬁ wontmm:eeil gtﬁiﬁtéd nematic liquid crystal

displays have used external sheets of polarizing
- material adjacent the exterior surfaces of the
10 substrates out of contact with the liquid crystal
material. ' .

These liquid crystal displayS-can be ‘used in
the reflective and/or transmissive mode. If the
reflective mode is used, a reflector of, fOr example,

15 metallic foil is placed behind and adjacent the rear
~ polarizer layer of .the display. On the other hand,
it is sometimes necessary to operate the display'

in both modes, for example;in digital watch displays
having day and night time viewing capability and

20 to this end a so-called transflector is used in lieu
of the reflector to not only reflect incident ambient
iight during da? time operation but also to tramsmit
light from a.light souree behind the display for
night time viewing.  The transflector tyvpically

25 may comprise a transluscent or frosted glass or
plastics sheet and/or a thin ﬁetallic layer or
deposit. | |

In the past, prior art workers have recognized
the desirability of simplifying the : structurs of

30 twisted nematlc llquld crvstal displays to reduce the



plastlcs ‘sheet and/or a thin netallic |ayer or deposit. In the past, pri-or,
art “workers have ‘recogni zed 'the desirability of sinplifying the structure
of 30 ‘tmnsted nematic [iquid crvstal dlsplays to reduce t he nunber of
conponents in the sandw ch ‘construction and thereby 'reduce the thickness
and: dverall cost of the display. The present invention has as  one of
|ts\fnportant objects such a sinplification in display 5
construction. In accordance with one aspect of the:invention, there is
provided a liquid crystal display device of the field effect, tw sted
nematic type, wmmbeconpfi seemponantsedahedheulsandatie hared nstsyamtaiiord and

cont act vt trEereba EPducd, therahiSkaRs3. ah VBB UL od "t 1
on sai d substradksmhaly el etheodpreagat t dnvengdon Haspasselodst edf 1its

artificial l'thgorfégftabb gtggneEhégroED%L q#u%%%%d(y]tﬁmﬁ&%éhuf&that

said 15 pol arizer er s rves t ti'on-of pol ari zing
liquid crys?al @ﬂﬂgﬁn@ﬂtlﬂEans in the display. Nhny pol ari zer filns

layers inherently ?ﬁh'PéE%rHQEﬁébkkthyonboasP@%%Dh@ a@ﬂﬂ”“?ﬁv%ﬁli6$e

liguid crystal |ayer wh roEg IntQ contac herew t
liquid crystalth@regnhentPpP¥kaerng dilpsdd erysdrl sl dfwre ayef

ﬁorrespo?dl ntg gﬁi@rﬁihél/dt@fféétpotﬁ'isiéed' REmA%ieT &ypeeofwhiBh comprises
nowever. trea Ingnsuc tregteg sugstrate and associated electrode layer

10 having a treated polarizer layer thereon in contact
with the liquid crystal, the polarizer layer being
treated in situ on said substrate and electrode layer
to impart a preselected artificial 1liquid crystal
alignment-promoting orientation thereto so that said

15 polarizer layer serves the dual function of polarizing
and liquid crystal alignment means in the display.Many
polarizer films or layers inherently exhibit the
ability to promote alignment in the 1liquid crystal
layer when brought into contact therewith with the

- 20 liquid crystal alignment-promoting direction of the
untreated layer corresponding generally to the polariz-
ing axis thereof. By, however,treating such a polarizer
layer in situ, the invention enables the liquid crystal
to be artificially aligned.

25 - In another aspect, the invention provides a
liquid crystal display device of the field effect,
twisted nematic tybe, comprising: '

(a) an intermediate layer of liquid crystal material;
(b) untreated front and rear substrates and associated

30 electrode layers positioned on opposite sides of

the liquid crystal layer, each said substrate and




yer in situ, the invention enables the‘liqufd crystal to be artificially
igned. 25 In another aspect,” the invention provides a
qui d crystal display device of- the-fiel d effect, twisted nematic types

. conprising: (a) an internediate |ayer of |iquid crystalrnaterial; (b)

untreated front and rear substrates and associated 30 el ectrode - =
| ayers positioned on opposite sides of the liquid crystal |ayer, each sai
substrate and _ 5 associated ‘electrode |ayer having a treated

pol ari zer layer thereon in contact with said sides of the liquid crystal
| ayer, each polarizer |ayer being treated in situ on its respective 5
substrate am&suﬂu&tedxkaﬂ&n&rodm | hpper a hpvéngsehecte@a&ﬁM'ficia
liquid cryst nt rigent t to -t hat each
serves the d%a?l %T,JL}Q{};{W roﬁﬁ%’#%%’g anﬁ @é grngﬁg’l é‘:‘lal%(?nrrent means - -
in the displ &idesoof the !imuid aams\'gehehayergheacbepaslecrluzmr t he
situation whqr eﬁiHﬁld (kféé@@€' ﬁllgpggn dkE§C9b9P%c*q e the front

r }g 0 tea th

and rear pola ize an [err] with
re8pect to osdbaidaie t@qareeleerehm@ealwerotm fmeartqdi d Peystal  helix

in one direciidRcked aAkIMRERPY N Nodige c??&ftﬁ'ln 4NqYnimepet -opt i cal .

effects. The rear substrate ncl-ude a reflective nmetallic el ectr ode

| ayer with QXQEQ%%&&(HPW&ﬂ%ﬂ#%&# thereto so -that each

serves the dual function of.polarizing_and liquid »
crystal alignment means in the display. .
10 ' This arrangement might be used in the situation

where the liquid crystal alignmeht_ directions of the
front and rear polarizer layers are to be oriented at
other than 90° with respect to one another to preferen-
tially form the liquid crystal helix 1in one direction
15 and thereby minimize certain undesired optical effetts.'
The rear substrate may include a reflecti?e
metallic electrode layer with said treated polarizer
alignment layer on the inside surface thereof in contact'
with the liquid crystal layer of the'display. Preferably,
20 the reflective electrode member comprises metallic foil
and the polarizer-alignment layer is bonded or deposited
on the metallic foil. _ |
A preferred polarizer-alignment laYer or .11m
comprises cyanoethylated. polyVinyl alcohol or cyano-
25 ethylated polyvinyl butyrate each of which has a very
high dielectric constant. |
These and other detaxls of the present invention ;
will be more fully understood by reference to the
follow1ng detailed description taken with the accompany— o



al'ignnent | ayer-on the inside-surface ‘thereof in contact with the liquid ‘
crystal layer of the dlsplay Preferably, 20 the reflective el ectrode Y
menber "conprises nmetallic foil and the polarizer-alignment |ayer is bonded

or depasited on the netallic foil. A preferred polarizer-alignnent |ayer or .
flqucqnprlses cyanoet hyl ated pol yvinyl al gphol or cyano- 25 ethylated

pol yvi nyl butyrate each of which has a very high dielectric constant.

These and. other details of the present invention will be nore fully
understood by reference to the follow ng detailed description taken with

the acconpany- jng drawings if whi®H NG drawings in which :- Figure 1 is a
cross-sectional vi w of a typlcal prior art twi sted nematic I|qU|d crystal

di spl ay devi ce; Figude d.ur‘lfs a |<sross>-rs:exst19ma1 onbéwveEvwaof a

liquid crystal dlspla devi ce which is ope enbodi nent t he |n ention, and
Figures 3to 5 WPl@éinQ%Qﬁlﬂﬁttqyﬂﬁ aemaif 4 t¢EYStatpective

enbodi nents of [ | A typical prior art-tw sted
nematic liquid ?H%gg§&e§EV§I y deV|ce is illustrated in Figure 1 and
includes frgnt and rear glpdsft@ 20tihera idiEPE At icGndbtvié® &faad 4 having
cowductive el ectrodes 6a an b and 8, of, for exanple, tin oxide thereca.
Typi cal |y, liquid crystal display device which is onme embodiment

- of the invention, and

Figures 3 to 5 are views similar to Figure 2
showing further respective.embodiments of the inventionm.
10 A typicél pfior art twisted nematic liquid
crystal display device is illusﬁrated_in Figure 1 and
includes front and rear glass or other transparent
substrate 2 and 4 having conductive electrodes 6a and b
and 8, of, for eXample; tin oxide thereca.  Typically,
15 the front electrode is segmented in a pérticular'pattern
such as numerals, letters or other symbols to display
information while the rear electrode may be provided
in the form of unsegmented layer 8 as shown. With
this type of unsegmented rear electrode, it is neceséafy
20 that the lead lines (not ‘shown) connecting the front
~ electrode segments to a voltage source be maéked.with
suitable insulation to prevent unwanted optical
activation of the liquid crystal layer or formed with
a sufficiently narrow width that any optical effect
L 25 produced in the liquid crystal is not visible to the
unaided eye of viewer 4. On the other hand, the rear

electrode may be patterned similarly to the fromt

o

lectrode with the front and rear segments being aligned
to aveid any overlap cof lead lines with the elactrodes

30 and therzby prevent uuwanted activation of the liquid



15 the front electrode is segnmented in a_partfcurar-pattern such as
‘punnrals, letters or other synbols to display'information while the rear
gtrode nmay be provided in the formof unsegnented |ayer 8 as-shown. =
this type of unsegnmented rear elgctrode, it is necessary 20 that the

| ead |ines (not shown) connecting fhéffront el ectrode segnents to a voltagg
source be nmasked with suitable insulation to.prevent unwanted optical
activation of the liquid crystal layer or formed with a sufficiently narrow

i dth that an tical effect 2 Q d n the | dc tal is not
Y/V: si bl e°¥355€ﬁ¥ SEXIPHed e QPGP’:V%&%”& ‘ﬁlﬁ ?%B‘I’#%gﬁﬁﬂiixsfihe Irear
| ect f t th the f t
Shar oodftdOthd e RELLEERED ¥ B Yadd IHfh IAEEnBLRE! 16PERY 11 (Pe IO
~electr oﬁzsaﬁa IAQdfbheeahmpﬂ.leP,\wﬂ mivron esihtﬂouaoxﬁdieofilm liquid -7

- crystal |ayer. Vapour - deposited or ot herw se ap I|ed onto the
eI ect r ovacuenadepesited; aitn sapr@sedacted angleo. andSpacingr exanpl e, . 05

fiyl m.d d d I
Spasi ngob B[ EERBEY e Thal SIS ?é%%&%&-%@aﬁépsézﬁci apart
and seahbapt Ohndhgehl 11} °§r¥h&?h11§§§ V@peri s achi eved by epoxy .o

or glass frit spacers 16 and -18 di ound the peri phery of the
substratherebeﬁweenl13rabhﬂe~sd2¢wam¢dxyenmagIbeswfribned on the out si de

sur f aces’ of subigr
spacers

1% 3QSposed around the periphery
of the substrates. Polarizer layers 20 and 22 are
10 positioned on the outside surfaces.of_substtates 2 and
4, respectively, with their polerizing_aﬁeé oriented at
90° with respect to ome another in well known |
fashion. Typical polarizer films heretofore used
comprise 2 mil layers of polyvinyl alcohol bonded
15 to a butyrate protective 1ayer._ Finally, a reflector
. 24 such as aluminum foil is disposed behind the
rear substrate &4 and polarizer layer 22 to reflect
~ incident ambient light. As used herein, "reflector" is
intended to include also tramsflectors which were
20 described_hereinabove.with respect to displays heving
both day and night time viewability. Of course, electrodes
6 and 8 are connected to suitable and well known
electrical circuitry (mot shown) to generate an electric
field across the liquid crystal layer 10 to selectively
25 alter its optical rotary power. | |
| Figure 2 (whereln like numerals represent like
features) illustrates one embodiment of the. lnvention
characterised by the placement of polarlzer
layer 30 on electrode segments 6a and 6b in contact with

30 the liquld crystal layer 10 so that the layer not only



4, ‘respectively, with their polarizing axes oriented at [err] with respect
to one another in well known fashion. Typical polarizer filns heretofore
used conprise, 2 m| layérs of polyvinyl alcohol bonded 15 to a butyrate
protective layer. Finally, a reflector such as aluminumfoil is

disggsqd behind the rear substrate 4 and polarizer layer 22 to reflect

i ncident anmbient light. As used herein, "reflector"” is intended to include

al so transfl ectors which were 20 described herei nabove with respect to

di spl ays havi ng both day and night tine viewability. O course, electrodes

6 and 8 are connected to suitable and well known electrical circuitry (not
shown) to genergte an electric field across the, liquid, ¢crystal |ayer 10 to

sel ectively 25 AMDELIONS oS PALATHZING MRS H ghhe Qlfé;EYePHtliEés°

nuneral s repres@gt Ifijlgeifleairystal id1iugrinedi £ smeones eppodifede of its own
the.invention cha acterls%%gqy t he pl acenent, of golgrlzeg.l?yer io oq

el ectrode segnedfdesgning ilF Yoo ctPRANt 8o PYREeTERbIAl cr BodgrFUlaTer

10 so that the hajgnmeat orilny the urliciquid esypvd hriwheg nbavaghn thato

a2, Patee Bofyar e VA MCRD LGS TYrYSRALY RhibhReREd, .
crystal when br prgmotiimgo 5direwttiont tdferetheh polariberliqlagercrysa
cor Pommona oo TEorPRspghAREL 0 s dOGprPELAY gLy | Atnaudh not
: ' wishing to be bound by theory, it is believed that the
polarizer layer exhibits liquid crystal alignment
10 capabilities as a result of its inherently -oriented
molecular structure which through Van der Waals forces
‘influences the liquid crystal molecules adjacent there-
to. |
Polarizer films exhibiting the inherent ability
15 to also function as liquid crystal alignment means in
the untreated condition in the display are available
commercially, for example, under the designation XA
Transfer Film from Marks Polarized Corp. This
polarizer film comprises a 4-8 micron layer of iodine-
20 treated, oriented polyvinyl butyrate and can be
purchased in large sheet form and then cut to size to
fit over the front substrate and electrode segments
thereon, the film being bonded thereto by various means
such as thermal bonding. However, to optimize the
~ 25- structure and performance of the display, in accordance
“with the present invention, the polarizer layer |is
treated in situ to artificially alter 1its liquid
crystal alignment-direction or axis, by ~rubbing or
otherwise. A polarizer film made from XA Transfer Film



g to be bound by theory, it is believed that the polarizer |ayer
hbifts liquid crystal alignment 10 ~ capabilities as a result of
nherently oriented nolecular structure which through Van der Waals
“orces influences the liquid crystal nol ecul es adjacent there- to.

Pol ari zer films exhibiting the-ifherent ability 15 to also function. as-.
liquid crystal alignnment means in the untreated condition in the display
are avail able commerci.ally, for exanple, under the designation XA Transfer
Film from Marks Polarized Corp. - This polarizer filmconprises a
4-8 mcron |layer of iodine- 20 treated, oriented polyvinyl butyrate -
and can be purchased in |large sheet formand then cut to size to fit

over &I rorkh kekres st ef ahamieressr bas beegniikisl kze¢ «oh, the film being
bo”dedﬁ¥3ﬂ§?(%kaﬂ$ﬁtQU§nHE@TECSVEHe YegmesTls Doy fr ratéguever, to
optimze the. 25 structure and performrance of :the display, In accordance
with t H prfdiHie idamd i onint ganjenstisar widhed i ¢ akigpnentity to

_ artibfiqiaaléry. i@’ $€snbanyi dogtyidal oA digieCtid OFeaXis, by
ru In

W B Sl SRR A odb B AECATL B MISte G AP RAE kel 19 bh bhbst rat e and
el ect r e ARQIEIY® abnithesliquéd crysitadr d aeandind n et Lhehton with a Si
0 ali gntenta f PY o4 fay t 2HSRE S raHER . 9° BReMataHg OVEIEad €2 was :
about 6 volts. The thickness of the polarizer layer 30
~is an important consideration_in the invention as a
10 means of reducing the required bperating_ voltage and
assuring acceptable switching speed. To this end, the
polarizer film is used in preferred thicknesses of less
than 6 microns, preferably less than 4 microns.
~Another preferred polarizer-alignment film or
15 layer wuseful in the invention is cyanbethylated- pely-
vinyl alcohol or cyanoethylated polyvinyl butyrate as a
. result of its very high dielectric constant, e.g. -a
dielectric constant on the order of 25-30 at 10 micron
thickness as opposed to '




5. substrate, produced excel-l ent twisted nematic (helical) orientation in
.the' liquid crystal |ayer and excellert overall display appearance. RN
Operattng valtage was about 6 volts. The thickness of the polarizer Iayer-Dﬂp
30 is an inportant consideration in the inveption as a 10 neans of

rediici pg the required operating voltage an assurlng accept abl e swi tching

- speed. To this end, the polarizer filmis used in preferred thicknesses
of less than 6 nicrons preferably Iess than 4 m crons. Another preferred
pol ari zer-al i gnnment f|| the inv

cyanoet hyl at ed @F‘ r h%@% §t39£ZYéBYL P; hﬁ& 85t?P§W§§&$

aresult of its ye@hénggbéngﬁfggﬁééé cxww{gﬁtg ﬁﬁoﬂthgﬁaﬂhal?ﬁé??gnyl

constant on the order of 25-30 at 10 mcron thictkness oppose

-10- about 8 foraﬂmm&aﬂoenhﬁhuwahnnuywhmyVOBtagéodrop horpsst €hat t he sane
thickness. - Wth yanoethylated pol vrn al cohol or, _but t he vol t age
drop across the iﬁﬁ Esbﬁes?bSPiféﬁﬁ¥F3YI3§§35 and

t he necessar drwﬂdutﬁgﬂﬂéggaa%%xtégaggﬁ r@glgggLTﬁggttgg g?%?} ferent

fromthat fo |splay W I Or” po | Zers e cyanoe ed forns
ofg pol yvinyl al ceiprildmdtitbe antclerdi ff@rén! £rémothiel foscaea@eqplay
Corporation. 10 O course, rather than being used as a preforned,

precut fil Im thewlh@wiam @okanizews: The cyancethylated forms
of polyvinyl alcohol or butyrate are available from

Poly Sciences Corporatiom.
10 ' Of course, rather than being used as a
preformed, precut fiim, the polarizer-alignment layer
30 may be formed in situ on the untreated substrate
2 and electrode segments 6a and b. For example,
one technique which might be employed is to
15 directionally dip=-coat the untreated substrate~
p electrode segments in liquid dichroic material so
| that the as-applied coating incorporates the molecular
orientation necessary for the polarizing as well as
liquid crystal alignment functions and retains
20 the orientation after solidificatiom. The dip-
coated layer would function as a polarizer-alignment
layer 30 after solidification and further treatment
in situ by rubbing etc. |

Fig. 3 illustrates another embodiment of
25 the invention wherein like numerals represent like
features. In this figure, the structure of the display
is considerably simplified by utilizing, in addition
to the preformed poiarizer-alignment'film 30 on the

front substrate 2, a preformed polarizer alignment: film



30 may be fornmed in situ on the untreated substrate 2-and el ectrode

segnents 6a and b. For exanpl e, one techni que whi'ch might be enployed is
5 directionally dip-coat the untreated substrate- €l ectrode segnents in

L_;;’ld dichroic material so that ?e as-appl ired coating incorporates the .

@)ecul ar orientation necessary”f fhe polarizing as well as liquid

crystal alignment functions and retains 20 the orientation after

solidification. The di p- coated | ayer would function as a

pol ari zer-alignment |ayer 30 after solidification and further treatnment in

situ by rubbing etc. Fig. 3 illustrates another enbodi nent of 25 the

I nvention. wherein |like nunerals represent |ike features. In this figure,

tgg_ St 13@ctow e haf rtéh]g- cti@tﬂiw?te_ ¢oaﬁudenebtroﬁFnFl . figed dmhrtﬁe%l izing, in
b1 Ihe' S A LR AP ofRea EF o SATRA o2 Rt R
subst r fiormedand el esitwden Seach sohsseattehbypoltare zariredctgiruml fil ms 30
S 32 EHIAAIGR Fadfh Bl F1FeboRSERI YRS Doty oot e
con@armmmm(ﬁ dannﬁmmsdnamﬂ BlghaestMeaﬂdchtnm¢ ¢me1$truahw¢éay has been.
e oo e | EEHELAD A4 BugRet b1 IBNES o AL Degndyd ol Lo
crystamum ieghm@fi layers in the dlsplay sandwich from ten in »
Figure 1 to only eight in Figure 3. ﬁ_ ' '
In the event that the liquid crystal alignment
10 axes of the front and rear polarizer layers 30 and 32
of Figure 3 are to be oriented at other ‘than 90°%, for
example' 88°%, with respect to one another to preferen-
“tially orient the liquid crystal helix in one direction
so as to minimize reverse tilt effects,it is convenient
15 to simply apply the aforementioned polarizer layers to
the substrate with their polar121ng axes in crossed
. (90°) relation and then to rub or otherwise treat their
surfaces to art1f1c1ally alter their liquid crystal
aiignment directions at the preselected non-orthogonal
20 angle, e.g. 88°. This mechanical




10: axes of the front and rear bolafizer | ayers 30 and 32 of Figure 3 ar

to be oriented at other than J[err], ~ for exanple 880, with respect to one

another to preferen-,tially orient the liquid crystal helix in one
direction so as to mninize reverse tilt 1@ffects,it is convenient 15 to

.

y_apply the aforenentioned polarizer |layers to the

si npl
thggf pol ari zing axes in crossed (900) relation and then to rub or

otherwise treat their surfaces to artificially alter their

alignnment directions at the presel ected non-orthogonal 20 angle, e.g.
Thi s nechani cal 12 treatnment of the polarizer |ayers after

[err].

application to the substrate and independent of their | :
advant ageous antireateenteanf the ppliaviziery layens rafian apmdi ¢ation nbdice
of the display. e %@ : ot deTRY 5 : d e
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and 5 illustratggphitlret BAY pebPedirmakle oferite dfsglhy | "MEOtpODarPzEki ch
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bonded
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thereof.

Figures 4 and 5 illustrate still other embodi-
ments. of the invention in which the structure of the
.field effect, twisted'nematic display is éimplified by
combining the rear electrode, associated rear polarizer
and liquid crystal alignment means, and reflector
together in the form of a reflective metallic electrode
member 36 having a transparent polarizer-alignment
layer. 32 on the inner surface adjacent and in - contact
with the 1liguid crystal layer of the display. More
specifically, substrate 4 has adhered to 1its inner
surface a reflective metallic rear electrode such as
preferably metallic foil, e.g. aluminium foil, which in
conjunction with the front electrode segments 6a and b

are activated by a conventional voltage source to

generate an electric field across the liquid crystal
layer 10 for display purposes. 0f course, the
reflective electrode member 36 may be unsegmented

substrate wth

liquid crystal

aRFiRIzZing Ghes 4

&

pol ari zing axes is an



" -layer 32 on the inner surface adjacent and in contact-with the |liquid
crystal |ayer of the display. More specifically, .substrate 4 has adhered
¥0-\i'ts inner surface a reflective netallic rear el ectrode such as 20 =
erably nmetallic foil, e.g. aI#§1n|un1T0|l whi ch in-conjunction wth
front el ectrode segnents 6 and b are activated by a conventional _
ref't age source to generate an electric field across the liquid crystal
-+layer 10 for display purposes. O course, t he 25 reflective

< el ectrode member 36 may be unsegnented -13 - as shown in Figs. 4 and 5

Wi th the dseghdwmein iFigs atédand 5t with bhepdieady 1dhemimsukatedy to the
front electrode segqnents to avQid |lead |ine overl ap. The reflective
el ect r od@trdfo a3 e Batterned complementasy toathe fxamtht anmbient |ight

e “u SURRASEY Akt S By BOSEATTEGH 1M SO, SR Y ©t
refl ect o IR AAE dRSDEFodE BELBEEZ36- allkanFRAvd AN WeFldde those

already referred to and described 10 her ei nabove. For exanple, the

pol & i zeanyt igzmedentt arebient| bightaipr sher ddsplayadnd:r filmor a
POl a1 ¢ T s 1RO 5 Ry bl SEhpRBRl P o S W dga 51 ace, bel 10
T e Ry i omasea s, | bt o st 15
atop the reflector-electrode member is polarizer-alignment
layer 32 like those already referred to and described
10 hereinabove. For example, the polarizer-alignment
layer could be a preformed polarizef_film or a pdlarizer
layef.deposited by'directional dip=coating with
its surface being mechanically tréated-to
artificially alter the liquid érystal alignment
15 direction. Im Fig. &4, the front polarizer layer 20
. is outéide the display device in comventional prief
- art fashion whereas in Flg. 5 the front polarlzer 30
is disposed on the 1n51de of the display device
and also functions as liquid crystal allgnment means
20 as.described hereinabove.
It is apparent from a comparlson of Figs. 1, 4
.and 5 that the structure of the display has been
simp11f1ed by reduclng the number of layers in the
sandwich construction from ten in Fig. 1 to eight in
25 Fig. 4 and only seven in Fig. 5.

If desired, the reflective metailic rear
electrode 36 can be made to function as a transflector
by using a partially aluminized or silvered plastics
layer. The rear electrode can be conveniently applied

30 to the substrate by vacuum vapour disposition or



art’ fashion whereas in Fig. -5 the front polarizer 30 is disposed on the(;%§5
i nside of the display device and al so functions as |liquid crystal alignnep#
nmeans- 20 as described hereinabove. It is apparent froma conparison of
Figs. 1, 4 and 5 that. the-structure of the display has been sinplified by
reducing the nunber of layers in the sandwi<h construction fromten in Fig.
1%6 egight in 25 Fig. 4 and only seven in Fig. 5. If desired, the
reflective nmetallic rear electrode 36 can be nmade to function as a
transflector by using a partially alumnized or -silvered plastics |ayer.
The rear el ect gostélean teehadauesi.cntty chplotteBthand i £ hehsubisphap by
vacuum vapour disposition-or - -14- simlar techniques. On the other
hand,if the di gl &p pperatepordse iahithe refHestive 9%y nbée, it may be

i bl ' he thick i th | -ekegirode nmenb
36 and i spenchiey e Remibial e totraate git, ST oRHEY S (Fbge T T

' elim nating anogddl @At dit¥Bdd M 36 ZpsaTspinge. - 15 -
5 with substrate 4 altogether, thereby further
e eliminating an additional layer from the sandwich
;  comstructien. |



A liquid crystal display device of the field-effect, twisted °
I c type, which conprises an untreated substrate-.and associ at ed _
el ecfrode | ayer having a treated poI ari zer I eon in contact 5 with
heAiquid crystal, the polarlz n situ on said B
substrate and electrode | ayer T npar “NB“ rt|f|C|aI liquid,_ ;;.
crystal alignnent-pronoting orientati o \ g ha‘t sai d polarizer
|l ayer serves the dual function of polari*zi fig 10 and liquid crystal

al i gnmOLAIMSs i n the di spI ay. 2. . A display device accordi ng to
Claim T, wherein the polarizer layer .is treated by rubbing. 3. A

di spl ay devi ce g ‘g'hﬂ? wg?r dedikhe ofolthid Fleldyer is treated .
to hav?’a liquid crySta %gyallgEE%ﬁP rection 8Epferent fromits
pol ar i afiffectyj stwisted nemdtiicspypg,dwhich sonplrd.lsg lan Caim1l, wherein:

~the polarlzer | ayer, conpri ses .cyanoe I Icohol or
cyanoefunf % AYRstTat Qu@?ﬂiaﬂﬁs"ﬁaa{ &ded di spl ay device

of thet{ﬂ%@ ta?é%f&{l %Ei‘%ﬂﬁgr” Be ol a> an

I ntermnme |"ayer cryst materral; b) untrea ed front and rear.

subst ra&maﬁl@ba‘ﬁﬁq&mteﬂyehat;reﬂe bohlrizms layercbeing?5
opposite-sides of the liquid crystal |ayer, each said substrate and
associ &meateddinogttu onagaidhgubsgrate endcelestxode-layer ¢ her eon

to impart a preselected artificial liquid crystal
alignment-promoting orientation thereto so that said

- g

polarizer layer serves the dual function of polarizing
10 and liquid crystal alignment means in the display.
2, A display device according to Claim 1, wherein
the polarizer layer is treated by rubbing.
3. A display device according to Claim 1, wherein
the polarizer layer is treated to have a liquid crystal
15 aligmment direction different from its polarizing axis.
be A display device according to Claim 1, whereiﬁ
the polarizer layer comprises cyanocethylated polyvinyl
alcohol or cyanoethylated polyvinyl butyrate.
5. - A liquid crystal display device of the field
20 effect, twisted nematic type, comprising:
a) an intermediate layer of liquid crystal
material; '
b) untreated front and rear substrates and

associated electrode layers positioned on

= B ¥

25 opposite sides of the liquid crystal layer,
each said substrate and associated electrode



in* cont’act. with said sides of- theliquid crystal |ayer, each poI ari zer

| ayer being treated in situ onits respective: and

el ectrode | ayer to |rrpart a preselected artificial

al i gnment - pronoting orientation t heret® 36 &hat “mm{ uaI
furle on of polarizing.and liquid crystal ali gn xi ns thre di splay.
10 6. A di spl ay device according to Caimb5, wherein the rear .

ol ar zer -l i gnoni | oyl RRIIG ohFasbll pLEAISER1MTRE, Hemepn

G

liquid crystal layer. Thintcomtaét IWELtRPSA14 §28e8NoFaghaeRighddr oduced by

phot ocopyi ng the applicant original typescript. It may cont ain a few
amendent s whi ch are.diffé¢xystal clayer, eath polgrizert Jayerr beingont ai ni ng
theme amendments may be ':F‘é&fé&e{’na” %R £l5°Fespect Ve "subltrate ¢

5 g and electrode layer to impart a preselected

| a_.rtificial liqui_._d crystal alignment-promoting

| | orientation thereto so that each serves the

2 ' dual function of polarizing and liquid crystal
alignment means in the display.

10 6. . A display device according to Claim 5, where:.n
the rear substrate includes a reflective electrode
layer with said treated polarizei:—alig‘xment layer
thereon in coni:act with the rear side of the liquid

crystal layer.

Tt.;e text of the specification has been reproduced by photocopying the applicants original
typescript. It may comtain a few amendments which aie difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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