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Accordingto.an aspect of this. invention aliquid crystal display device comprises.a liquid.crystal
mixture according to-this invention formed.into a layer contained between two slides, at least.one of
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The device may be arranged between crossed, or parallel, linear polarisers. A reflector may be
located adjacent to one polariser so the display may be observed by reflected light. The reflector maybe .- - -
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_The invention will now be described by way of example only with reference to the accompanying
drawingswherein:— | SO Oy wih reference S -
Figure 1 is'a sectional view of adigital display; T o '
Figure 2'is a sectional view of Figure 1;- " T S _ a
35 _Figure 3 shows a rear electrode configuration for Figure1; - S . 36
Figure 4 shows a front b’léctrbdé‘conﬁﬂqfétibh‘fof Figure1; - - ' o
Figures 5, 8, 7 show schematic views of the device of Figures 1 to 4 with typical addressing
voltages; el :
Figure8isa graph showing how light transmission through a twisted hematic cell arranged
40 between crossed polarisers varies with applied voitage. - : . E
The display of Figures 1 to 4 comprises acell 1, formed of two, front and back, glass slides2,3
-respectively, spaced 7 #m apart by a.spacer 4 all held together by an epoxy resin glue. In front of the
front glass slide 2 is a. front polariser 5 arra nged with its axis of polarisation axis horizontal, A reflector 7
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is arranged behind the'back polariser, o T T ,
45 Electrodes 8, 9 of tin oxide. typically 100A thick are deposited on the inner faces of the slides 2,3 45
as a complete layer and- etched to the shapes shown.in Figures 3, 4. The display has seven bars per digit
10plus a decimalpoint 11 between each digit; As:shown'in Figure 3 the rear electrode structure is
formed into three electrodes Xy: X5, X5. Similarly the front electrode structure is formed into three
_ electrodes per digit and decimal pointy,y, y,..... Examination of the six electrodes per digit show - _
50 thateach of the eight elemeénts.can: independenitly have a voltage applied thereto by application of 50
suitable voltage to appropriate x, y electrodes, - oo . :
Prior to assembly the inner faces of slides 2, 3 are cleaned then eg dipped in a solution of 0.2% by
weight of poly vinyl alcohol (PVA) in-water. When dry, the‘slides are rubbed in a single direction with a
soft tissue then assembled. with the ru.bbing;directiqn orthogonal and paraliel to the optical axis of the
55 adjacent polariser. When a nematic liquid.crystal material 12 is introduced between the slides 2,3 the 55

molecules at the slide surface lie along the rubbing direction with a progressive twist between the.
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35 Examples of liquid crystal mixtures fol!ow with their charactenstlcs ||sted in Table 1. ' 35
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25 different transmission curve is seen as shown in Figure 8. Thed®F state
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15 [err] ' ' ' 10 [err]
15 0 [err] _ o . : 20 0 X _
[22rExarrpI e 22 [err£ Exanpl e 23 [err] E>l<arrpl-.e 24 [Gesrr]031 8nga| e ?5
GB 2 031 010 B 8-23 Exarrple 27 [err] Exarrple 28
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%& Exanple 21 ‘22 erple 29
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GB 2 031 010 B 9 Exanple 31
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.-.'l ro IS e 1
[err] [e _ | 25 0 we ght %Exarrple%f[err]
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iei ght % 15 20 GB2 031cE@YO)ycY 10 Exanple 34 '
wei ght % [err] ZG% 15 Jerr]
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[err] - 5 o 10 [err]
ng\()[err] 20 [err] -~ 25 Exanple-36, 37
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- weight %[err]
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Exanpl es 41, 42 _ o Exanple 41 . Exanple
42 wei ght % vveight % [err] _ o 15
R . cp2 09 0B dolh .
[err] ‘ 20 20 0 '['err]

23 _, 20 GB Lmigﬁlm 12 Exanples 43 to Exézple 38 .  Zxample 39
werght % [err] _ 15 [err} . ,,elght,g weight %
[erk] 10 40 Exanple 43 E;r anple 44 - _ !ézerr] 0 Exagpl e 426
[erry_KExanpl e 46 [err] 2 [err] Exanples , 49 :

Exanpl e 48 Exarrpl e 49.weight % - weight -%15: 15 [err]

22 20 [errleg o{0)(G)cx 11 © 4o 12 - 1249
- - B" 40 o4

12 0 [err]
| | S CZHB'."“ “CN R e : .
-'co.@.cs”_ 25 30
” C . 5 1 | .35 =5
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.. weight, % weight %

¢ O)0)-cu o s
i I ROYOY: RN g 25
055;'1 (D-(OIE)cr - 107 | 10
czﬁs'@‘f”f"’c“l o l' 12 | '-'."'°.'
'@c o-@-v_ﬂ . o | 2 :
5 11-(@-c—o-@)- Colyy ' 23 20



13 B 2
031 010 B - ' 13 EXAMPLE 50 A nmixture as for -exanple 48 but with

5,{01‘ C 15 (fornula given Iater) addedto renove reverse twist; this is
ma?e imim-suggested arount . Exanpl e 51 S 'GB 2031 010 B = 12
wel ght %1 errj . - 15 Jerr] i

15 [err] " .. pyamples 43 to 47T 10 [err],  ig oo
15 [err] . xezples 43 to 45 5 Jeiq’?fe%'l ast detailed
conpeund i 5 a Merck coﬁ]ﬂm‘@‘@w"gnat ed ZLI 1305 andiimy repl ace the 5

group 3 ester nateri al used in previous exanples. Exanples 10, 12 to 19, N

29, 32, and 35 do not %@& this invention a are included for

e

o

conparative purposes on1}9 Alerr] 1. -4 60 57 276
0.194 1. 1.87 . 1.75 - 0.57 2 ey 55 265
0.188 1.0 1. 78¢.H cﬁ 74 3, 10 60 62 316
Rt I I ATt A AL R 4 e 64 311 3
0. 191 1.175 2.01 - 67 5 4" 64 63 .315
0.185  1.07 . 1. 9%F5<:)--0 cN44 6 :,‘12 60 ' S
1. 04 1.80 g .
-1.22 2.06 o 54 8 77 o
1.13 1.92 0.46 9 - . 4
0.9 1. 60 1,78, SR - 1. 10
1.92 L.75 11E 1Z4 x= °%f<:>*“ 511 : . 1.05 1.81
1.72 12 | 1,21 - 2.08 1.72 13
1.19 2.03 - 1.70 14 s . 1.37
i gg | 1.70 Esample 44 X = C 37-<:>_c-o-<:>-csn” . 1.35° 2.28 "
| Ex.ampref.t;s" X =€, n“@c o-C)-ch“
Bxacple 46 X = 0537@-§w337__
ZTxample 47 X =C Pg{:}u-o-C}—c? s
.'Exmv..‘les 48, 49 ' ) ._ 'Example 48 Exanple 49
S ST Nedght % weizht %
¢ B~ 0)0)-cx B 15
R OO 2
o DOD
DD 1 .
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o 1. 45 2. 49 1.72 17 .
2. 46 1.70 18 1.50
1.68 19 . 1.50 %g
R R S o e GB 2 031 01 13-
031, 010 B 14 TABLE 1 B [err] 20 -4 63  -61 298  0.193
1ERAMPLESOL. 67 0.64 21 - 10 63 64
1. 90 A mixtureas for exanp@(A8mt with 0.5% of @ 85 (formu@iven later) added to remove reverse, 07
1. tvist: 'this@ﬁ_ maxingum suggested amog- 65 o 1.06 1.73
.63_  0.57 24 -  ExampImdl 66 : o vﬂdight +1.81
0.60 25 - L 63023-@0%1 : '_'1 11 15 1.87-
0.35 26 : 2 | 1.11%¢ 1 85"
.0.52 27 - - @.-CN ' s _l 19 15 2 01
0.68 28 62 Ry O 1005 4.73
0.53 29" -3 R ."_ CN 1.12 0 - 1.90
0.67 30 -3 .61 £iia 00 114" 1lan
0.73 31 61 8, @c-o - 1.09 1.88 -
0.80 32 19 1 9‘15 3.07
0.60 33 40 0.188 1.04 1.82%
0.50 34 62 03H7—§ (o) @ Hy 0.192° 1.06 45  1.77.
0.68 35 . -4 6 1.77 2.85 -
0 556 3fhe tast de&ﬂed @ﬂnpound is é’rﬁlerck compbagd designal&zzu lébSQaZd may reﬂxla&azthe 5
0. 49rody 3 estétinaterfalused in previous examples.
0. 49 3&ExamplelO, 158 19, 29 32.7and 35 d@ it form(paf 68this m]zerﬁlbn and are chlildbd for
0. 63omgpprative purposes;enly. - _ 1. 36 2.24-
0.62 40 -2 . .60 41 . TABBE 1A0. 148 1 43. 2.31
0.64 41 - 4 63 43 168 0.172 '~ 1.08 .1.81
0.46 42 - : u§§7 = ’ §, 0.172 1.02 -.1' I _I}_Y
0.56 48 2°  £BY  viscosity £ o Vald5) V(08 0¥, 0% 1. VAT
'0.46 § =T '8BE - st v« voits  volts - .. 0-40°
o _g,f Sz& 20°C oo E - 20°C | V(45°)  %/°C
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"3, 60 62 816 0188 121 207 . 171 0.67
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5 ~4 64 63 st od8s 17 182 044
6 80 . ) .04 180 0
7 K te2 206 054
8 . 77 113 182 . 048
9 00 160 178 "
10 10, e 175
1 106 181 - 172
7 121 208 172
13 119 208 . 170 .
14 187 2.3 170
15 . 135 228 - 169
16 145 249 172
17 145 246 170
18" 150 252 1.68 -
150  2.54 1.69




44 q 10 59 46 . 178 0.171 1.03 . 1.70 1.65  0.55 45
2 : 1.08 1.81 1.68 48 ' 60 ’

""?1.%4 270 . 1.68°  0.6247 59

IR Pt SN S T GB.2.031 010 RGB 2 031,010, B 14
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[err] [err] 10 Smal | anounts of a cholesteric material may be added to -
the nematic material to induce a preferred twist in the nolecules in the

liquid cr1y§tal Iayer Th| S and the use of approprl ate sl I?;ﬁaegugf(ﬁqeo 157
t r eat ment- Y€ . St —patch-ress—as—tatght—r—Y
Patent Seri al Nunbers 1 472 247 and 1, 478 592 Sui tabI e chol esterl o
terials are: [err] TR “TABLE 1B (continued) . ;. -up-to 0. 5%by
“ght CB15 is [err] . " T up’'t@ 0.05% by wei ght CIher
cholesteric matefial g ge used to prov@de a .chol esterl G pltch [}9
compl ete mixt uresbe@meerg 00 dMfeal0 ni cgamé’vo‘ 1] méﬁrbuni"s’“b? Y 38dHr oi ¢

dye ‘may be. adde(fto= h&g & t é’rs b@y cg g ,2@,(;6 hevd B0 %]" Cri bed'
in U K Patent_Appl Eit Po‘-ngNo 42, 810/77 @ ot v

10 CLAIMS 1. A 48 quid crexstal aaterins f0.ﬂ7aJS€1 o3n |i qlurlsd cr ywasal dtb.sepl ays
conprising at |east Qne mat er| aI from a gr oup 1 1i qur d cr ystal mat eri al
conpri si ng: - 154 -1 174" 1.08 0.58

15 at | east onegpf the group 1 naterl al's havi NGKosN 1.80 4 ory A =3; 554 |east
one liquid crystal. material . .froma:group. 2.liquid. crystai rraterral :

conpri sing: - [ebr] -3 55 28 122 -0-(152ran1508| sone1r93 [er r1]-69 077

- (trans i sonefy—26— - Fert+4—

20 p, g, I, and s ﬁ@Fh@)(sAhtOegeN@atarﬂdca group 3 ‘ester’ seI ect’ ed fromat

| east one of the,, %ollov“eg [err] . [err] and [err] are

al kyl "or al koxy 2

25 R3 and R4 are- t f~alokg. ‘with the group 3 ester’ naterl aI form ng betvveen

10% and 90% b d with th terial
Form ng Dot agn ety ot By Rl i wosm AR Gp o Peperoi oo o o

and al koxy be| ng taiched. 2. A |i quid-crystal material as clained in
claim1 wherein ‘['err] and [err] are alkyl. 30 3. Aliquid crystal :
material as claimed in claim 1l wherein {err]is an al kngrousz)aw ng -
bet ween 1 30 and 5 qagobtz?)atoms - S M08 0495 -
v,0(07) B B I I
10(o°>/ o4 T et 1
4 Av. (0°) e |
90(0 )( T9°~ ) 0.-40° 0.85  0.85
weight %
51
16
. .
& weigh.. 5. T
35, -
10 S

10




4. Aliquid crystal material as claimed in claim1l wherein R2 is an alkyl
group having between 3 and 7 carbon atoms. 5. A liquid crystal materi al as
g imed in claim1 whereln [err] is an al koxy group havi ng between 1 35 and
rbon .atoms. = . ., - -- GB. 2.031010:B. .16
3576. AIIC]UId crystal rraterlal as clal rred I n cIarml wherei n the anount of

ester isghgij él)ﬁ&ﬂts%@a/%%eﬁ@nﬁt@ﬁal%[ B8 dded tolthlFhelrialiGnatefdi & ihdikea 7 A liquid
Cr y StpiéferrdtRtivRf indte nidleculesliniiliquid cybtal lierl TN Siidahdlusk BEappfobRdte §idb &urlacd 1S [err ]‘J
[ er r Jtrebymeneiegioves the Eibléns( disldypakhiness as tah@thkJPamSmhmtmEbea chol esteric
mat er 1.472.24kendd 418592 Suisablgreholeatadn materdalaass:i al  t'o i nduce a preferred twi S\
in the nolecules in the I|qU| ,crystal | ayer.. This -and the use of
appsopriate slide sucsie e Op{DYyea wheo @EBbY waishtof di spl ay :
pat chi ness as taught in U. Patent Sertal. Nunbers 1,472,247 and 1,478, 592.
Sui tabl e chol esteric rraterlalsn@re '5. ad is [err]
up to 0.5% by wei ghtCB15is- ¢y, S{OF<Opwdi] upt0005%bvwe|ght " up to 0.05% by5
wei ght Ot her chol esteric materi aI ST pe used to provide a cholesteric
pitch in ete m t be 50 300 m .crons anount s
of pl &Q&éﬂ%}}"‘;&‘ FQtem matﬁra ngaa%au Ei\{vep \g(%ece%ﬁ&er(ifplq?m the egmflfg rrt\rfgurg g. the _,!
dye 10 desenb adnsdiprebdﬁrmmsam bmrabd RFhhdnbe Mdisﬂgﬁ o%ﬂ.@és? 6.9 the dye
10 1CLddséAbed in UX. Phwol Applicayiari Nd. 4281@v7.al for use in-liiquid crystal dispPays
- corrpr‘lFl;]mr’; at least - one material froma group 1 liquid crystal mat eri al

r 15
15 at_le "‘b’ﬁ’e° tam'f’ﬁ‘é"?fé nh%r‘tcévrra&r'gv'ﬁrsrﬂ"rrgs'nem'ezst ogp mategjp! fomas.  at

| east 93" u'(ﬁ’u“] atgrt'aé mr?a e?l al froma group 2 liquid crystal mat eri al.

r CarHaretT p_ - materi
Gronsi ooy eme@XS O '

20 [err] p, g, r, and s being integers, and a group 3 ester selected from
at |5east one of -the follow ng [&ﬂﬁu]mr] and [err] are al kyl or

15 -
al kox
Zt least one of the group 1 matenals having n =2, 0r4 or m = = 3; at least one: llqurd crystal material from

~agroup 2 fiquid crystal matenal compyrising:—

K nam-@—ctu ' ftrams isome)
IR | | zqnz,..n- —ftrans isomer) |
20. | o o 'c,u,,.,cu. | T %

p.qr, ands being integers, and a greup 3 ester selected'frem at ie_ast one of the following

R'Rz - R,and _R,'e_re alkyl er el]goxy
s @ L

R, and R, are both alkyl with the group 3 ester material forming between 10% and 90% by weight
of the total mlxture and with the group 2 material forming between 5% and 30% by weight of the total =<
" mixture, all the alky! and alkoxy bemg unbranched.
2. A liquid’ crystal material as claimed in claim 1 wheérein both R, and FG2 are alkyl,.
30 3. A liquid crystal material as claimed in claim 1 wherein R, is an alkyl group havmg between 1 30
and:5 carbon atoms.
4. A liquid crystal material as claimed in claim 1 wherein R, is an alkyl group havmg between 3
and 7 carbon atoms.
5. A liquid crystal matenal as clarmed in clalm 1 wherein R, is an alkoxy group havrng between 1
356 and 6 carbon atoms. . -. : 35
6. A liquid crystal matenal as claimed in clarm 1 wherern the amount of ester is between 30% and -
70% by weight of the total material.
7.A hqund crystal matenal as claimed in claim 1 wherem the ester matenal rs ,

cn;o—-@-cuo—@—__tsm; 3 B'y_'w-e_ight :




[err] 26
R3 and R4 are both alkyl with the group 3 ester material formng. betvveen

O‘de 90% by vver ght of the total mxture and with the 9L pg rraterlal
for _Lhe_.L.aLal__mx.L.u.Le.,_éLﬁ_LM.k.yl_

and al koxy bei ng unbranched 2. Aliquid crystal material as clained in
claim1 wherSsiai amvmwf@rcm}lem agerial marrisaédd(yb thep@matic mat@"almmdu d crystal £
mat er i al Praterreq %‘%"1’1’5‘

bet ween ‘2[94., ﬁﬁgg"ﬁ oﬁ@?&gﬁﬁﬁf :rff: {‘ é%muilm §° P' bﬁ? ;ﬁg med  C

iniclaiml ere n rou avr ng bet ween 3 and 7 carbon
atons. 5. Aliquid crystal materrgﬁ cl rein [err] is
an al kgxy group havi ng 5208 5‘"23'1‘1 n a%°°aéﬂyw%q 5
35 6. Aliquid crystal material as clai rred inclaiml wherer n the anount of
ester is between 30% angdg 7504) M%&\t he t ot aI rerial. 7. Aliquid
crystal material as clarnmed ith YhEe 0 YYRRSrial is [err]

[err] by weight 32 17.

GB 2 031 010 ather cholesteric milﬁri{lema\}be used to provide a cholgstdric pitdhin WeicompleteBnixtdrel| | qui d
crystal hmwbﬁ%d msr n cr{aar m 1 vﬁer&r n Eﬂer&%ﬂéndm[:e‘r]r] tﬁr&e[e”]

9. A lj peghanse e cpRifaEh e thdeudi ng, an
am)unt 0 eicﬂ%ed %Fg.rPaéqnt @Jlfﬂtlonﬁ IZ% @%ﬂf 1@
[err] CLAIMS - 5 where the val ue of

m or n is NORGRA Erydtiidibtddial for ude infiqlill Eryitah disbléfs RmpHEMcRt ledst oA® metenl DRk al N
claim 1l grdpftiadid@ystal natedalicomprasingarount of the material whose value of nis

any of the nunmber, 0, 2, 4, or 6. 10 11 Aliquid crystal nmaterial
as clainmed In claiml wherein p = Zp, - 10 12. A
liquid crystal material as clai rred in cI A wherern g=>5 13. Aliquid

crystal material as clainmed in clar M& or 7. 14. Aliquid

crystals material as claimed in clai r‘nz"I1 = 5 15. A liquid crystab
mat eri al agRadi bAd ST grélpQl dtéRals neliRg ©L 1, 6t 4rml <+ 3muabn@riqum ch/a@l Msbad Frém

[ qur d a group 2 liquid crystal material comprising:—

tpa— )00~ O)«C)-n  — (rans isomen)
oW~ — ttrans isomer)
20 ¢ Hzra~O)~<O)-w~O)~<O)¥ 20

p. . r. and s being integers, and a group 3 ester selected from at least one of the following

&-@—ch R, and R, are alkyl or alkoxy
25 N CaO= 2

R, and R, are both alkyl with the group 3 ester material forming between 10% and 80% by weight
of the total mixture and with the group 2 material forming between 5% and 30% by weight of the total
mixture, all the alkyl and alkoxy being unbranched.
2. A liquid crystal material as claimed in claim 1 wherein both R, and R, are alkyl.
30 3. A liquid crystal material as claimed in claim 1 wherein R, is an alkyl group having between 1 30
and 5 carbon atoms.
4. Aliquid crystal material as claimed in claim 1 wherein R, is an alkyl group having between 3
and 7 carbon atoms.
5. A liquid crystal material as claimed in claim 1 wherein R, is an alkoxy group having between 1
35 and 6 carbon atoms. _ 35
6. A liquid crystal material as claimed in claim 1 wherein the amount of ester is between 30% and
70% by weight of the total material.
7. A liquid crystal material as claimed in claim 1 wherein the ester material is

CHy o—@-coo—@— iy 3 by weight

TR R 00 0



15 crystal, material is added to the mxture to provide a cholesteric pitch
bet ween 1500 and 300 mcrons. 15 16. A liquid crystal material as 032| med
in claim15 wherein up to 0.5% by wei ght of the cholesteric material s
added to #7he mi*xture. 20 17. Aliquid crystal materi alGegag @3iaoned I n 17
claim18 wherern up to 0.05% Dby welght of the 20 chol esteric materi al '
[e\Lr:,l is added to the mxture. 18. A ligud crystal display device
conprising a layer of a liquid cryéﬁt"&P‘@é ' whc| APHWEOM claim 25 1
formed into a | ayer contained between two slides, at |east one of which
slides/is tranzgaéﬁisﬁﬂﬁwﬁamtef@@selﬂwif ig 1 epherelits asd Rasee ©sHes and bot h
surface treated*

Adiapd eystelanateriglasgleimed in Alaimit apd H‘"E‘?’M“&'I"g AU o the M terfal _
across the layer. Printed for Her Myj estl)_l@l_gﬁtﬁinonery Ofice by the '
Courier Press, Leam ngton spa. 1983. §/ te Patent Ofice. 25

Sout harrptgn Bui | di ngs, London, WC2A 1AY, from w i&h copi es may be obtai ned.s_

KAWL (0) (@)

. - where the value of m, or n is not more than 6.
. : 10. A liquid crystal material as claimed in claim 1 and further including an amount of the material

wHna~O~O-ov -

whose value of n is any of the number, 0, 2, 4, or 6. . .
10 11. Aliquid crystal material as claimed in claim 1 whereinp = 2. _ ’ 10

12. A liquid crystal material as claimed in claim 1 whereling="5.
13. A liquid crystal material as claimed in claim 1 whereinr=56,0r7.
14. A liquid crystal material as claimed in claim 1 wherein s = 5.
15. A tiquid crystal material as claimed in.claim 1 wherein a small amount of a cholesteric liquid

15 crystal material is added to the mixture to provide a cholesteric pitch between 1500 and 300 microns. 156 .
18. A liquid crystal material as claimed in claim 15 wherein up to 0.5% by weight of the '

cholesteric material :
' : 3
o-b-0-o{O-O)-o
is added to the mixture. - ’

20 17. A liguid crystal material as claimed in claim 18 wherein up to 0.05% by weight of the : éo '
cholesteric material : '

oo b Q-O-or

is added to the mixture. ' o _
18, A liquid crystal display device comprising a layer of a liquid crystal material as claimed in claim
25 1 formed into a layer contained between two slides, at least one of which slides is transparent, both 25

cafrying electrode structures and both surface treated to provide a progressive liquid crystal molecular
twist across the layer.
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