2064895 "LI QUI D CRYSTAL DI SPLAY DEVI CE" This invention relates to liquid
«crystal .display devices and in particular twi sted nematic liquid crystal

di splay devices. Twisted nematic liquid crystal display devices are :
‘conmonly 5 used in electronic watches, pocket calculators etgc Ay ste
nematic liquid crystal display devices are described in detail 064 Civés
example, in U S Patent Specification No. 3 731 986 and U. S. Patent
‘Speeification No. 3 995 949. A twisted nematic liquid crystal display
dew.ce occupies a relatively | arge- percentage of the space 10 in an-

el ectronic watch or an .electronic calculator and it is, therefore, _
desirable to nake it lightweight and thin. Usually, a tw sted nematic
liquid crystal display device produces a dark or black display on a clear
or white background. If a twiISREIP CRYETAe DIFRRAYIDEYIGR"al di spl ay devi ce
produces a 15 clear or white display on a dark background undesirable
shadow i mages appearThiist hnvénticasyglatepgko fhguifl spyefpl §ismi@ys@evicesand not
easy to read. According to the present invention there is provided a

twi sted nemmt iand| imwatté eyl tvirsgd apraehd & ETHGhFFYSiagdisRlay sieviges.

- substrate having el ectrode neans on one surface and a first polariser_on
the opposite surfacewishked heAtis el Wed T IsErh SRR FENLTeWRER SPPRPYY ed
nematic liquid crystal |ayer, a second gol ariser _having el ectrode. neans. on

oge surfate t Hsedot? iSHeCERPRT YRFEIRS hBOFISFUFY BYPEPET Sthyert " 8he Aematic

{ﬁ;l ggggxg Bgf%ggéfgé}sﬂ% Cafpray dbiGO0TAGH (W LN,LOE ORRESIT € eSUThAGH O

in U.S. Patent Specification No. 3 731 986 and U.S. Patent

Specification No. 3 995 949. A twisféd nematic iiquid-Crystal
:display device occupies a relativély 1§rge pgrcentége of the space
16 in an electronic watch or an electronic caldul#tor and it is,
therefore, desirabie-to make it lightweight and thin.
Usually,'é_twisted"hqnatic liquid crysﬁal disélay device
produceé a dark or Slaék display dﬁ.a clear or white backgroun§.
If a twisted nematic liquid crystal'disélay.dévice produces a
15 clear or white display on a dark baékgfound undésirablé éhadow
-images appear with the result_tﬁat the display is indistinct and
not easy ;o read. | |
According to the present invéntion there is provided a

twisted nematic liquid crystéi-display device comprising a first _

1l

- 20 substrate having electrode mééhs-on one surface and a first

» : | - polariser on tﬁe.opposite suiface; thé electrode means being in
contact with a ﬁwisted nemétic liquid crystal layer, a second
polariser haviné electrode means on one surface thereof in contact '
with the liquid crystal layer, and a reflective second_substrate

25 ' in contact with the opposite surface of the second polariser,



(%ﬁ? the surface of said second substrate being roughened to diffuse |ight

t having substantially no sharp points. Preferably the planes of. ..
pol ari sation of said first and second polarisers are parallel to each other
to produce a white 5 or clear display on a black or dark background.

- The twist angle of said liquid crystal |ayer may be ‘substantially 90.
Alternatively the twist angle of said liquid crystal layer may be between
65 and 89 or between 91 - &nd 115[err]. In one enbodi nent said second -
pol ari ser conprises a stretched 10 pol yvi nyl al cohol filminpregnated ‘w#

(v gl NGB0 Bl LA BRSNS ALERLI NSl LMl i o0t TNt said

- second polar ser conp ses ap ar|S|ng p era fie di stance

bet weep 13%’%2 nggg,gg @g&ﬁag_k/ f‘?rp 8°§ﬂsd liquid crystal | ayer and the

second trate 1s° Fici ent as to'reduce substantially the

formation 05:@%@49%@@955&&%@ L8k ana8oHBye Resd a5t haa 250 pm The
invention is illustrated, nerely by way of exanple, in the acconpanying

dr awi ngscoranp¥ftiraers 22e parallel #d GHER okhis B pr&EReSEGHieRal view of a

conventional twi sted nematic liquid crystal display device; Figure 2 is

psovi ded d1Raexisplay tdif af PIdBX bOradk bdvkgzbastnw i mages in the conventi onal
fthsted nematic liquid crystal display device of Figure 1; and

-2

The twist angle of said liquid crystal layer may be ..

.
substantially 90°. Alternatively the twist angle of said liquid

crystal layer may be between 65° and‘89? or between 91° and 115°.
In one embodiment said se;on@ polari#er comprises a stretchgd_
.lo : polfvinyl alcoﬁol £ilm impregnated with iodine and a transparent
.protectivé film.
In another embodiment said second polariser comprises a
polarising plate.
Preferabiy the distance between the_opposed surfaces of the
'LS said liqﬁid crystal layer and the second substrate is éufficiently
small so as.to redﬁce substaﬁtially the formation of shadow imageé.
Said distance may be less than 250 um. |
‘The invention is illustra?ed, merely by way of example, in
the accompanying drawings, in which:-

20 Figure 1l is a-cross-sectional view of a conventional twisted

Q

nematic liquid crystal display device;
Figure 2 is provided to explain the formation of the shadow
ﬁnéges in the conventional twisted nematic liquid crystal display

device of Figure 1l; and



-3- Figure 3 is a cross-sectional view of an enbodi nent of a tw sted <E§E:/
nematic.liquid crystal display according to the present invention. A
'conventponal twisted nematic Liquid crystal display 5 devi ce shown in
Figure 1 has a tw sted nemati¢ liquid crystal layer 1, an upper substrate

2, a lower substrate 3, an upper polariser 4, a |lower polariser S, and a
reflector 6. The pl anes, of polarlsatlon of - the upper and | ower pol arisers

are~per pendi cul ar to each other, corresponding to the nolecular direction

of ‘+he adj acent surface 10 of fhé liquid crystal layer |I. The interior

or opposed surfaces of the substrates 2, 3 are each unidirectionally rubbed
wth a material such as cotton, the directions of rubbing being at about 0

90 to each other. pifhel b%%ews%gléi&oaawie@egf%%ea%awme& legure 1

produces a dark dISp ay on a clear ground anes of
- pol arisation gf;dRa MR Al QVEYysRal Ailsply aa.rc@oﬂﬁrn@l £8!tnkOp z?é‘éHtOt her,
then a clear or white display on a“dark background w I'l be produced I n

the latter caggenithenl i quid crystal display device has the di sadvant age
that the display is unclear’ and brightness and contrast are poor. 20
FLgure 2 is a CrosSsaSésiveftfdnall i steamMdiatisaiquididtyetysidakpItyspl ay -
devi.ce of Figure 1 to explain these disadvantages. |f the liquid crystal
layer 1 bBas adevifel ahowreghaighrant Hasea phwisesd ofemptiariiqatd enystalt hayverpper
aed | ower polarisers 4, 5 are parallel to each other,. a clear or white

di splay of t hendip@ptaqtmwgatm 27 &Slower osulwtdake 3ba@tkg:ppan¢qmnseb'e4.
produced. The rays of light from :

B a. lower polariser 5, and a reflector 6. -The planes of polarisation
of the upper and lower polarisers are perpendicular to each other,
corresponding to the'molecular direction of the adjacent surface -

10 of the liquid crystal layer 1. The interior or opposed surfaces
of the substrates 2, 3 are each unidirectionally-xubbed with a
méterial'such as cotton, the directions of rubbing being.at about . .
90° to each ofher. The 1iqnid crystal.disPlay-device shown in
Figure 1 produces a dark_display on a clear background.  If the
15 planes of polarisation of the upper and lower polariser are
parallel to each other, then a-élear or white-display on a dark
background will be produced. In the latter case, the liquid
crystal display device has the disadvantage that the display is
_uncleér‘and_ﬁrightness and contrast are poor. -
.- 20 o Figure 2 is a cross—sectional view showing the liquid
crystal dispiay devicg_of Figure 1 to explain these disadﬁantages.
If the liquid crystal layer 1 has a display region 7 and the planes
of polérisation of the upper and lower polarisers 4, 5 are parailel

to each other,.a clear or white display of the display region 7 .

25 on a dark background will be produced. The rays of light from



<é£%- directions A, B, C of incidence may pass through only the di spl ay
e n 7 and they formimges between points [err] between points,
Ferr] and [err] and between points [err] and [err] of the display region 7,

gio

respe

ctively, on the light reflecting surface of the 5 refl ector

6. A

relatively large amount of the incident light falls upon the area between

poi'nt
Howev

s [err] and c2 and, therefore, this area is relatively bright.

er, only a relatively'éhﬁrl anount of .the incident light falls upon P

the area between points [err] and b and between points b hand ? andds?_ h
Cbright. 2 2.10 Because e.pol ari se I ght
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central part, the brightness reduces. That is, the image of the
05 spl ayeflegton 6/ hArelaBOVelynlbpdNabighbReafe ihoiddae AR i1 bl ack

ay on a clear background, the sane phenonenon is present but-

in

ase of a clear or white display oh a dark background, the display is

timeelacomlycboighthe Hovevers cnlyl £ xeditivety dmale afountodt .

. the incident light falls upon the area betweén peints ¢ and'b1 and-'

10

20

25

1
between points-b2 andraz-and so these_a:eas'are not ve;y_bright.
Because the polarised light reflected by the refleétor 6 from the
area between points Sy and bi and the area between-poinﬁs b2 and a,
enters the liquid crystal layer 1 away from the display region 7,
and the plane of.polarisation is rotated by 90o by the liquid'érystal

layer 1, this light cannot pass through the upper polariser 4.

. Thus the central part of the image produced from the display region 7

is brightest and as one moves away from this central'part, the
brightness reduces. That is, the image of the display régioﬁ 7

has a non-uniform brightness. In the case of a black display on

a clear background, the.same.phencmenon-is present but non-uniformity
-of the black display is inconspicuoﬁs.' However, in the case of a
élear or white display on a dark background, the di#play is
indistinct because of the various angles of incidence of light-
passing through the display.region 7 and so such a liquid crystal
display device has not, up until now, been pracﬁical. The non-

-uniformity of the brightness depends upon the distance between the

»



- surface thereo

passing through the display regi on 7 and so such a liquid crystal di spl@

.device has not, up until now, been practical. The non- 25 uniformty

the brightness depends upon the distance between.the --5- |l ower surface
of the liquid crystal layer 1 and.the reflecting surface of the reflector

6. The greater this distance the nore the brightness of the image is
-non-uni form Conventionally,. as this distance is usually greater than 500
[errj, the image has a 5 ~ :distihct non-unifornmity of brightness. Figure
3 i a cross-sectional viemrof an enbodi rent of a tw sted nenatrc liquid
crystal drsploﬁ device according to the present invention.

el ectrodes 12H8% Mg ace&si My S‘Ejt%rcﬁy%ﬁ'ﬂ} hEYRF 3f and ttPSn’éﬁf-d-FS ng .

el ectrically copducti i al ch_as 10 i ndi um oxi de_or indiumtin
oxi de are forsﬁega?fn°5n enﬁg(f{ a e OFS ﬁeﬁbﬁ%ﬂf?aﬁﬁﬁai“e%tthgu‘?ﬂﬁer ate 14.
The upper el egLrodes 1§ssa2 conteag | twr st(led nepn g ur d
crystal layer 11 “RAFOWET °Su serra?% 7 ?°s“ Hﬁ ’p?"z?f‘ *mat eri al ,

ceran ¢t el qdfelale U S8R0 RL.S 143N %d;%ereh%' imaandhgéea' nner

i'S rou gr 1Tt

sand- blgast i ngiiggiﬂg%uhgﬁ_qg,ﬁglﬂrtgvbpe,rg M&Igg di ffusing surface 18. In the
case where the |ower substrate is transparent a coating of a reflecting

material, for exanpligurd Uik nd lé%sé—'s'e\é@fonaﬁolrﬂevpBfC&PQ%oaﬁeﬁ@p&S' ted on
t*he roughened surface. Preferably, the inner surface of the | ower 20

substrate 17 twistéd ghagiad byqaldusipiva dalhsy deviibe dddsatiayitBowyli amet ers
of 1 to 100 [err]m preferably. about 50 pm and is buffed or
: present invention. Upper electrodes 12 having a desired pattern
and made of a‘transparent electrically conductive material such as
~10 indium oxide or indium tin oxide are formed on an inner'surface of
an.upper tfansparenc substrate 14. The upper'electrodes 12 are
"in contact with a twisted nematic liquid crystal layer 11. A lower -
‘substrate 17 is made of glass, élastics material, ceramic material}c
'metal of some other'euitable materiel, and.the inner surface thereof
15 is roughened by, for example, grinding, sand-blasfing.cr moulding
to_proéide a light diffusing eurface 18. In the case where the
lower substrate is transparent, a coating of a reflecting material;
for example, aluminium, silver, gold oi copper is deposited on the

roughened surface. Prefeiably, the inner_surface of the lower

20  substrate 17 is roughened by aluminiumjballs or the like having '

e

diameters of 1 to‘lod ym, preferably.about 50 ym, and is buffed or.
‘heat-treated so that.the_roughness of the surface has no sharp
points. This has been fcupd to improve contrast of the display
becaﬁse~sharp points cause light to be reflected in a undesired

25 : directions. Light reflected in undesired directions, i.e. directioﬂs‘

-



héé%?}reated so that the roughness of the surface has no sharp points.

T has been found to inprove contrast of the display because sharp-points
cause light to be reflected in a undesired 25 = directions. Light

‘reflected in undesired directions, i.e. directions _ -6- which are at a
Iarge angle to the normal to the Iomer surface of the l'iquid crystal | ayer
11, is reflected by the latter. and is not used in the formation of an
i mge. A |ower polarising |layer 15 is di sposed on the |ower substrate p
17. The pol arising layer 15 5 may be formed by adhering a stretched

pol yviayk a.Jf:EOQe' a LRYA ahbhénamgq;mﬂ oy bR 1QdbPe@REed ol anspar ent

protective I msuch as silicon dioxide, (Sio), alumnium oxide (A1203) or

pl ast ipg Iﬁu@&l seherrRer 01, B¥ Adhertdd vy ennveptdonRal fohstising plate
thereto. In the former case the polarising |ayer may be 20 [err] to .50 pm

t hi ck,usd@ in tha@NkbrinBtidie olfadd Qha§@Seal Loy pbardsifly 1agéF J15t 0 250 [err]
thick. On the polarising |ayer 15 |ower electrodes 13 having a desired

patt eriz aisﬁo@aasdiﬁltaatlmmdsuﬁslt!etémﬂemalpouﬂsmg iay@dirund oxi de or indi um
tin oxide is formed by, for exanple, cold spattering. The |ower electrodes
513 ar enaynbe Gotaed by ddhdriegl a ghrdtaregspalyviaykraltbholl 3PVA) flilmi s preferably «
~to formthe |lower electrode 13 at .a relatively low tenperature if the

pol ar iigpregriakpdrwith iedimesandtac hrahsPasedt [proteqhivgntitladswelt lasi odi ne,

‘because the latter loses its polarising characteristics at above about 100 #
[ err] Gil¥een direideyy($iR)es abminhun \qxide (AlgRgharenlasidisstnatesialy with the

upper el ectrodes 12 and 20 t he fol arising |layer 15 with the protective
fil m 3*8TePr PERY adhering a conventional polarising plate thereto.

In the former case the polarisinq layer may be 20 ym to 50 um thidk, 
10 and in the latter ca;e it may be a 100 um to 250 um thick. On the -
polarising layer 15, lower electrodes 13 having a desired patte;n of
transparent conductive material such as indigm oxide or indium tin
oxidé.is formed by, for example, cold spattering. The lower
eiectrodes 13 are in contact with the liquid crystal iaygr 11.
15 It is preferably to form thg lower electrode 13 at a ;elatively
low. temperature ifvthe peolarising layer 15 is a stretched PVA film
impregnated with iodine, because_the.;atter loses its polarising
characteristics at_above about 100°C. The inmer surfaces of the
upper transparent substrate 14 with.the upper electrodes 12 and-
‘20 ° the polarising layei 15 with the proteCtive'film_and_the lower
electrodes 13 are each unidirectally.rubbed_with,.for example, €
cotton and nematic liquid crystal magerial'is sandwiched therebetween
to form the twisted nematic liéuid crystal layer 1ll. The upper and
lower substrates 14, 17 are mounted so that the directions of rubbing

25 of the opposed surfaces are at about 90° to each other, and the



el ectrodes 13 are each unidirectall y. rubbed with, for exanple, cottc@[‘_'
nematic.liquid crystal material is sandw ched therebetween to-formth

twi sted,nematic liquid crystal layer 11. The upper and | ower substrates 14,
17 are nount ed so that the directions of rubbing 25 of the opposed
~surfaces are at about 90[err] to each other, and the -7- ol ecul es of
the liquid crystal layer 11 forma helix vmth a 90 [err] twst. The angle
between the rubbing directions, #hht-is the twist angle of the liquid :
crystal layer 11, may be between 65 and 89 or 91 and 115 so that the
nol ecul es are arrayed in helices having 5 the sane tw st. Th| S is
descri bed i nmgleenles ofithiel liqwid &yskal elayespbk fore st hediNoits &8P°185. An
upper polarising layer 16 is di sposed on.the outer surface of the upper
-substrate 14 @Whsthathe RAgIPBREVEED fdlearilingodinsctions uppal igothe |t§|!-$ﬂg
layer 16 is parallel to that of the |ower polarising |ayer 15. Such a

i quid cryst z%“gi?) of theyildgpid FyFrle Lpyexiddesnay RRikervesr &5 eard @%pPay on

a.black or ckgreund. The tw sted nematic I|qU| d crystal_ display

. devi ce descri d“%oc‘;gé iS? F}é?fattl’“ﬁrfn‘i]ﬁc#“ginaée?’iﬁ & nBgkiars Y2HRENn and
I t f the | d

crystal® 15 Strﬂal S S and it P T sgmereé 15 FTae8" AetoR Ao lics- SHERT at e
that it f f des d d

o produce o ERAERicRbEal Rl 2GS, éé?on% 8 Pelask O kT FR e O

di spl.ay 9an B¥Bodbd bl il GhES G5 b2 e it CEAALLE 4 YLEna B!

angl e.
. plane of polarisation of the upper polarising layer 16 is parallel

to that of the lower polarising layer 15. Such a liquid crystal
10 = display device produces.a-white.or-clear display on a-black-or
| dark background. | -
The.twisted'nematic liquid crystal display device described
above in relation to”Figure 3 may be made very-thin and only a very
© -small space exists between'che lower sdrface of the liquid crystal
15 -1ayer'11 and.the reflecting surface of the lower substrate, so that
it is possible to reduce the formation of undesired shadow images
to produce a clear or white display on a black background. Thus the

display can have a high degree of contrast and a relatively wide

visual angle.

[ ]



g@- CLAIMS 1. Atw stWH—qw—d-&;rystal di spl ay device
nprising a first substra el ectr ode neans on one surface.and a.
first polariser on the opp ﬁ’ﬂﬁ ml’ﬁﬂ te-'el ectrode neans being in
contact with a tw sted nena aI | ayer, a second 5

‘pol ari ser having el ectrode neans on one surfaCe thereof in contact with the
liquid crystal layer, and a ref8eetive second substrate in contact with the

opposite surface of the second polariser, the surface of said second -
substrate bei ng roughened to diffuse | |ght ‘but having substantially no L 4
sharp points. 10 2. A |EHIMS crystal .display device as clained in

claiml in which the planes of polarisation of said first and second
polarisers are parallel to each other to produce a white or clear display
on a bl 4ck of H’b}ﬁl@eﬁdﬁ@@‘ﬁbﬂﬂc}q‘lﬂd crygta) gdrelayr getige aPupFiaindevi ce as
claimed in claim1 or in which the twist angle of said liquid
cryst al 2| BiysF sPstupr é‘ﬁf’i‘%‘! |9} eOfF o8 Pgans on ong § 8 Y 8tal display
dewceasclalnedln 2 in ich the tw st angl e of saldllqwd

crystal +raife9°+%nssfv@eef“es°93ﬁai%% B R, dectipe sz s

A | .d d di whi ch
el d et TR e e AhARFT B gt r SR R MR ot B (1 1 m :
i mpr eangt Rl 1uLt B0l N8 B0k LEANSBATSN RERLECH MR Ifcontact |

with the liquid crystal. layer, and a reflective second substrate

"

in contéct with the opposite surface of the second.polariser, the
'surface of said second substrate being roughened to diffuse light
but having substantially no sharp points.
1o 2. A liqﬁid crystal display device as claimed in claim 1 in
which the planes of polariéation-of said first_éndlsecond polarisers
are paiallel-to_each other to produce a white or clear display_on a
black or dark-background;
-37 A liquid crystal display device as claimed in ciaim lor 2
15 in which the twist angle of said liquid crystal layer is
substéntially 90°. '
4, A liquid crystal display device as claimed in claim 1 or 2
in whicﬁ the twist angle of said liquid crystal layer is between
65° and 89° or between 91° ana 115°.
20 S. A liquia crystal display device as claimed in any preceding ' i
claim in which said second polariser comprises a stretched
polyvinyl alcohol £film impregnated with iodine and a transparent

-protective film.



6. - Aliquid crystal display device as claimed in any of clainms 1 to@
Whi ch sai d second pol ari ser co ing plate. 7. A Tiqul
crystal display device as clai !ﬂ i“im wmﬂmﬂl ng 5 claimin which the
di stance between the opposed sUI e said liquid crystal |ayer and
the second substrate is sufficiently 4 small so as to reduce substantially
t(he formati on of shadow i mages. 8. -A Liquid crystal display device as
ct imed in claim7 in which said distance is | ess than 250 pm 10 9.

A tY¥ii sted nematic liquid crystal display device subst anti al | y as herein
descri bed wit6.ref ek drigeid argathldishin devide gercladmed imhen@egonpanyi ng
drawi ngs. The text of the specification has been reproduced by photocopying
the appl i cant ssladingihab 5ypesbidipsaidldecony polntfddtr aolmWsaseNgoraisingi ch
are difficult to read. The original typescript containing these
amendnent s nmayplig&ei nspect ed on the premises of the Patent Office

7. A liquid crystal. dlsplay device as. claimed in any precedlng
5 ' claim in which the distance between the opposed surfaces of the

said llquld crystal layer and the. second substrate is sufficiently

r)ﬁﬁin

small so as to reduce substantially the formation of shadow images.
8. A liquid crystal display device as claimed in claim 7 in
.which said distance'is-lessethan 250 um.
10 9. A tw;sted nematic llquid crystal dlsplay device snbstantially
- as here;n descrlbed with reference to and as shown in Figure 3 of
._tne accompanying drawings.
~ The text of; the specification. has been reproduced by" photocopying the applicants original

typescript. = It may contain a few amendments which are difficult to read. The original
typescript containing these amendments' may be inapected on the premises of the Patent Of.t‘:l.ce



