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i nvention generally relates to a liquid crystal cell, _ conpri sing
two- el ectrode- equi pped- pl ates which are arranged at a pr edet er m ned
di stance fromeach other to define an inner cavity, a liquid
crystal layer sealed in said cavity, and spacgrs which are 5
distributed in the cavity and the height of which corresponds to the

t hi ckness of said |ayer. More specifically, the invention
relates to such a |iqui d ERESSIRE-INSENSISVE LHOUID OR¥STAL CELN
insensitive to external pressure. ' The present invention is

of the cel | cuch as drepayecAE ierGti seneidly Mk o0a Hpil e S ek oo

etc. The backgr ounemprisingdtwo electrode-eguipped plates sthicharerarranged atid |

t herefore be desc
- thus shoul d not bgﬂmqlmﬁtlve %’agl%% t?ﬁefmeaxphﬁ?#%tﬂﬁuse

- of the invention ed dn paid mdaﬂﬂ spacers whichmrended
~ cl ains. 5 dxsmuutealxﬁ ﬂ'fe’ééﬁty afad theoheight Rif Wiich cdri@sporids §6 % é&d
by way of intro- are well-known in the art. Oie or bot
pl ates are nade o esso sa(l rent material, such as glass, and at

| east one of the el ectMcspecﬁcalbs,tttnamrcnnonmﬂlates tbcsudi'eaﬂiqmdscnystdl SO

transparent. Moregy mmyaﬁﬁf Maly | ayers for
al i gning the nol eches ofkﬁ'pﬁs qui (#cr%{cwﬁ () nterface | ayer

to the plates. The preseptinvention ns espedialiyusefubis,applications requir-
field, the |iui dgfgnﬂh?geacmesurﬁe%fﬁieééﬂ‘ eﬁi@ﬂﬁdl tation
e

Wth respect to t dlreCteﬁegqggggppéif 'H'} |!deﬂ %&I‘I éﬂé‘g;a& g;;l&cgtes

t he pol ari sati on,

reflected |ight. Bi]thom\yemgonubﬂlﬂmrebrerbmd&mm primarilyowitis refefercde tdre
the optical of f cchisayss whict tusdila i be Blpsidered limitative of BiciRr the
crystal layer, f ofieldlbf:ﬁsﬂﬁsthn invention. mhﬁtgmvmtmesmnmdeﬁned in the

1S appended claims.

Liquid crystal cells or displays of the type stated by way of intro-
duction are well-known in the art. One or both plates are made ofa
transparent material, such as glass, and at least one of the electrode
structures applied to the plates is also transparent. Moreover, there

20 are traditionally orienting layers for aligning the molecules of the
liquid crystal in the interface layer to the plates. '

Under the influence of an applied electric field, the liquid crystal
material can change its local orientation with respect to the direction

| of incident light, so as to affect the polarisation, absorption or scatter-
25 ing of transmitted or reflected light. By applying polarisers on one or
' ‘both sides of the cell, the change of polarisation can be observed.
Normally, the optical effect is a function of the thickness of the
liquid crystal layer, for which reason a local change of the thickness
_most often has a strong adverse effect on the performance of the dis-
30 play, which at worst may become completely useless due to variations
of the thickness of the liquid crystal layer.

The most commonly used liquid crystal displays contain nema-
tic or chiral nematic liquid crystals with positive dielectric anisotropy.
In these displays, the optical axis of the liquid crystal material most



nost often has a strong adverse effect on the performance of the dis- 30
pl ay, which at worst may becone conpletely usel ess due to variations '

of the t QMY ot the'liquid crystal | ayer. PCTISEAS/H469
comonly used liquid crystal displays contain nena- tic or chiral
nematic liquid crystals with positive dielectric anisotropy. In

t hese displays, the optical axis of the | |8w d crystal material npst
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not affected bthe figatetigl réoriénes dlong the field with tHe'rexiiit thaf the'

crystal dlsplaég CO%B-]‘I rat.e V\nthavrle% t her - elecltro OptIC .
ef fects which 9PB ¢ J?Pttﬁg%ﬁ ﬁmmw'and wher e the :
modul ation of - |i ghtln additiomdity talodispleysecan operate withna yasiety ofhe

olarisation o
Bropertles areé asgeé on. s cgffggfst ar e gth%ﬁ?ﬁwemwe

sitive tolfhi wmmmlanon dueitoymore generahse-
quently, to cheligiege Wn&?%ﬂﬁénﬁ&dﬁl@ﬂctssgo The

t hi ckness of the | T.qui st al eneta only thg
col our but al s@?@%ﬁﬂ‘g&é baéﬁ?fgm#% hxghly S€R+he 7
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I n US-A-4, 653, | gy rralntalna
constant i qwgﬁg‘?%’t?ﬂ %@?gﬁl [ﬁgr@gﬁﬁ:’ NI splaté% | ays (Twi st ed
Nenatic) a&d STN diThe Wﬁtﬂlllawgenerallga ectsmot al | y
when the tw stg dtaéfsﬁrﬂiéaﬁﬂ fraist dépendence of the BRIL- A

nereasi ntgf"y"f‘ﬂ%mpess i H{,}g ekssibif chptrasy aﬂﬁoﬁvﬁmms si nce
As described in US-A-4,653,865, it is of particular importance
to maintain a constant liquid crystal layer thickness in thin TN dis-
20 plays (Twisted Nematic) and STN displays (Super Twisted Nematic),
-and especially when the twist angle in the latter case amounts to 270°
or more. A constant thickness of the liquid crystal layer has become
an increasingly important requirement for TN and STN displays, since
to increase the switching speed, there is a tréend towards ever thinner
.25 liquid crystal layers, even below 4 um. Such displays do not operate in -
the waveguide mode, and the optlcal transmlsslon is hxghly sensitive
to small thickness variations.
Another aspect of the problem is how to maintam the plates
~ parallel over the entire display surface, and how to cope with the
30 problem of display rigidity. Changes in the plate spacing due to
mechanical stresses and/or temperature may lead to macroscopic
‘flow of the liquid crystal material, which in turn may damage the
orientational layers on the inside of the plates. A reduction of the
plate spacing may even entail local short-circuiting of the display, and
- 35 . therisk of this occurr_ing-im_:reaées as the initial plate spacing of the
- liquid crystal display decreases.:
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to increase the switching speed, there is a trend towards ever thinner 25
liquid crystal |ayers, even below 4 pm Such displays do not operate in

t He wavegui WOIHEBO® and the optical transmission is highly sE@RSSESAI469

to small thickness variations.. Anot her aspect of the problem
is howto maintain the plates: : parall el over the entire display
surface, and how to cope with the 30 problemof display rigidity. Changes
'in the plate spacing due to mechani cal s®resses and/ or t enperature may
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pl at es. yA redgct I%ﬁt&aﬁt‘ﬁ'eax? ap%'ﬁeap g 'é‘@%ﬁﬁﬁ%?“g@@ﬁ %Ilﬂ‘&m% presgure,
short-circuiting bésbeendiemovsd. Normally, this-also=ppliesttoi an STN:display, pro-
ncreases as e vk le St arigheé Bt o e, say for bhibt dhgby S dach! 596

decr eases.
PCT/ SE95/ 01469  but not for larger twist angles, for example of 270°, where the pres-

It is true that agisé defdrnidtion catises® thange ihthe¥liPstraBhufewhich may
. state after an appli.ed, external pregsure, such as a thunb pressure,

has been renoved. WF?met‘H%‘P Capplies to an STN displ ay, .pro-
- vided the tw st angl e Atbest, realignment meyy then beuichievethby heatingiand Gub-

cure def or mat | on WeifieAtbSdup 8 ¢hie difplag OR) G By apbliniih Biectficiida.
easi |y becomdOi rrever sToconclude, an STN displayhaving ahigh-twist maynthus

achi eved by heatipg easfl 3 ﬁgﬂé&t Exter .di splay and/ or
by applying an e|2§trl yf | e .ed&):us_ __ go%)ﬁr;c?{lﬁg}&g%ﬁ%TN di,sal, aléahavi ng
a high twist angle nma € cause W@S&W REGSIUTE OB Fneckic dispjays
external dpr eissur econtaining femelemmcyw@mnm{dmﬁquFc)mﬂdr stals
snectic I Splays . . s EC erroel ectric
(AFC) liquid crys?a?énqog%ﬁ&na&#ﬂio&??%ﬁigﬁat%ga@ &W&sed e.g. in
a review by 155 SST. Lagerwall, N.A\ Clark; dr Rijon andjbR. Qlerc) Ferraglectrics,
Ferroel ectrics, vpgl, 94, 3, 1989. Irrespective of the nature of the specific smectic
material, all smectic displays where the layers are not parallel to the
cell plates, are extremely sensitive to plate deformations and, hence,

are sensitive to shocks.
20 Smectic displays use a completely different mechanism which

limits the permissible deformation as compared with the TN and STN
cases. Generally, smectic displays are considerably more sensitive to
shocks than corresponding nematic ones. In a first approximation, the
layers are standing perpendicular to the glass plates (ideal upright
25 booksheif geometry}, but in a more detailed model, the layers are most
often angled with respect to the glass plates in a so-called chevron
structure. The structure is known as a QBS structure (Quasi Book-
shelf Structure) when the angle of the layers to the normal of the
plates is very small. Both the chevron and the QBS structure are
.30 extremely sensitive to pressure, and for both FLC and AFLC, the order
of the layer structure is damaged by direct application of thumb
pressure. .
' Normally, a chevron structure cannot be realigned without
heating, whereas a QBS structure not excessively deformed can be
35 realigned by application of a moderate AC field. Beyond a tertain
deformation limit, the layer order however becomes irreversibly
ruined, as in the chievron case. The display then becomes unusable.



Vol . 94, 3, 1989. Irrespective of the nature of the specific snectic

mat eri al woYénsisect i c displays where the layers are not pa?@g}ﬁ%ﬂ‘h the
cell plates, are extrenely sensitive to plate deformation

are sensitive to shocks. 20 Smectic displays use a conpletel y
di fferent nmechani smwhich limts the perm ssible deformation as
conpared with the TN and STN cases.g Generally, snectic displays are

consi derably nore nsi,t.j ve sho t han core ondlng nenatlc
ones. In a first aa.e raoﬁq {dngystai iiﬁ»y% '&

per pendi cul ar nesstoverg relatively largé Iﬂkﬂwﬂimowﬁ%ﬁpgbshﬁflwgﬁt ry),

Cespect 101 ﬁé@assﬁ% “?%E* of BAFEAE) 81,3 37 Lo wse preSbbied Fmmrhe

structure is aspmamwofspaaers @osupporting poiiits dxs&bmi; ure)
wh th I éli;eee?g very
srrglnl go'fs‘hgt Ed%h%t&eg% %?uh@%ofsiﬁf@t ure arep%me&ﬁgérﬁw&%l tive
to pressure, Sﬁ%m susface, i.e. good surfaceayer

structure is mneusw lﬂ'iﬁﬁt amhmtumm hndncalwyﬁeat ing,

\Thotragglalsya &?‘&%PUM%#E&%# m %Egg e W%Pfgned by

application o mnmh:ehassaid ItelrelsuBammdurfacerparalleh withdgf or mati on

limt, thlagef @h Im ‘W ned. _as.in
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PCT/ SE95/ 01466Xample in the same document, use is made of spacers havmg a dia- To

hi I I t nesd
over & rel at ?%ﬂ%@ﬁﬁew a1 $phbinfcit 1 i, Wt féo""‘*é%m give
(filed in the wi %5“?8 Shﬁﬁs
gl ass pl at es hioweverinsufficient mdm@mblsmmay@@mmsﬁmbut -

f ovi de a
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below, in a pressure-insensitive display. Furthermore, both the 3-mm
plate thickness and the spacer dlameters are unaoceptable in com-
mercial contexts.

20 . EP-A2-0 407 993 (priority year. 1989 and apphcant Hoechst
AG) describes a method for making an LCD cell. To achxeve high uni-
formity of layer thickness, uniformly distributed spacers are etched in
one glass plate. This document does not oontam any mdxcatlon about

- the deformation properties of the cell, in addmon to an unconﬁrmed
25 statement that the cell is mechamsch sehr stabll" The cell is how-

- ever described in Rieger et al. Proc., SID Conference, 6-10 May 1991,
Anaheim, USA. Since it has also been shown at dlfferent conferences,
its mechameal properties are well-known From the last-menttoned
article and from public demonstrations, it appears that the cell is

30 casily deformed by thumb pressure. From both the EP document and
said article appears that the plate thickness i is 0.5 mm, the spacers
having a size of about 20 um and being distributed with a spacing of

600 pm.
The dxsplays hitherto manufactured and demonstrated thus are

35 not mechanically rigid or shock-resistant in that a mechanical pres-
sure, for example thumb pressure, apphed locally on the protectlve
glass deforms this and causes both optlcal. changes and flow of mate-




parallelism In a first exanple, use is nmade of cylindrical spacers
having a diameter of 50 [err]mdistributed with a nutual spaci n%

mn which | WO¥EI0 result in a surface parallelismwth a PEISESSA1469
[err]m 0.6 [err]mtol erance- over a surface of 10 cmx 10 cm In a second
exanpl e in the same docunent/*use is made of spacers having a dia-

nmeter of 0.1 mmwith a rrutual spaC| ng of 1 mMm_which is said to give

a surface parallelismwith a 0.2 [err]mtol erahce . These tol erances are

however insuffici mmﬂﬁwaenmlaa éﬂérdl toblem!ih nﬁdmtalcals;an&S
pl ays (neither STN nor. Rl C exi st 8 MbLEov cer

this known screenm r&ﬂﬂ Cﬁ%‘%’ﬁ&f’#ﬂﬁi& Iqowards
below, in a pressucehnol@eanyhaglwmtmalFDCtMMdispEyshmﬁbunham
pl ate thickness a%‘&ﬁ%@ﬁ%@ di ameters are unacceptable in com

merci al contexts. A2-0 407 993 (priority year 1989, and
~applicant HoecHst Tlmmfé m@mmhmmqmmgg@pmmmb
~achi eve high uni- tlvedls one Fthi’dl@ ldtbhcﬁﬁﬁﬁﬁm | fnOgHe Yrdboéf 8 tihfer

spacers are etched in

any indication abdgere—is a&%w&q} wgag?enfhéoes not Cﬁmla‘l "

addlbt:on tTﬁ an :Jlnawﬁsuswtadaymmrislmmrd:mm&:ker lawsdimeemmeﬂeSI lg
stabil". e ce

Conf erence, 6-10 @Eﬁ%mpﬁﬁ%ﬁ&ﬁ%pﬁ@gsﬁg@ghgg%&cﬂ shown
at different &enf&&m,06m.n5maad%almmo¢avm¢stm&mmmomns
From t he | ast-nent I‘f*g gﬁi‘ﬂ% trat I ons,

appears that the cyé 'I‘tho eaS|I ?m?med EV) p essure From oth
the EP document and ¢ ghject of the presenfiny ST P ms;
0.5 nm the Spacertmcountermmimmeﬁﬂyﬁseﬂ mhﬁdtc@@wedenbcrespdcwymeus -

hi ther to. manuf act HAMRE APIBHYRL lare€ ACRElsurfacess nov mechani cal Ly i gi d
or shock-resi 38ant in tAmain objectof the ipvention thusds te provide-adiquid arystal
ruses bot h-opt | cAETL oL e Bb¢ %‘P%mt k Mﬁ@@*&@?‘ﬁh@ i
PCT/ SE95/ 01469 mscnsmve to normally occurring mechianical influence, for example
during handling and transportation.
A special object of the invention is to provide a pressure-insen-
20 sitive cell that is usable for both nematic {TN/ST) and smectic (FLC/
AFLC) liquid crystals.

Another object of the invention is to provide a pressure-insen-
sitive cell which also can be.manufactured by a rehable and accurate
method. -

25 Yet another object of the invention is to provide a pressure-
insensitive cell which can be implemented as a display having at least
VGA resolution. '
A further object of the invention is to provide a pressure-insen-
sitive cell which can be implemented as an antiglare device, a welding
30 shield and the like. o -
These and other objects and advantages are achieved by means
~ of a liquid crystal cell having the features stated in the independent
claims, preferred embodiments being recited in the dependent claims.
According to the invention, there is thus provided a liquid crys-
'35  tal cell of the type stated by way of introduction, the size and the
mutual spacing of the spacers provided in the cavity being so selected
in relation to the other design parameters of the cell that pressure

2




5 rial in the cell. This is a general problemin liquid crystal

cells, anﬂ especially in snmectic liquid crystal cells, whose
devel op B ds t echnol ogi cal | y hi gh- pot ent i al PCUSESSAMEAF C :

di spl ays has been ham pered t hereby. 5 The nost direct
appr@ach towards obtaining a pressure-insensi- tive display - using
thick plates, for exanple in the order of nm or nore - 1S
unrealistic for today's thin LCD cells. The& nmaxi mumt hi ck- ~ness

used today norinsensitivity ofthexell issackieveqd) while dtothe samp!tiinel the thick-

0.6 mm 0 REAFBERGE it B nlted QR Foaeld obf W SBMIE oS tne )

hitherto been nakedeyey for very srral | di.spl ays. - The obj ect

f th t
Tn currently us w“"‘ﬁ‘ ﬂéé’ﬁ%%?"i%"”‘*&rg provi :;1 Z;gﬁﬁ‘égm
rel atively ar lon:
t][lus lts 1&0 Prm&mmnﬁmmwmsummmm% :tmein&%ﬁt &ﬁieefll by way
of introductio IS ﬁﬁ@g @5 éenagna ive .to ma

h sistan W&Eﬁo{'} hd
? ?gﬁ; |rol)ptg a[rF gnart described aboveAFopexaalpﬁﬁbm mmﬁdmcan\/tmimplcmented
provi de a Presgylaey . h} Qg&s m&ggh&%tWrmtlc
TN ST ?}; H
,(Anot her gaﬁecﬁéé smltbﬁnrgl AR r%a s@vmq:gzehasxcally
sitive cell whingand thatcehe dis w:hﬁcwuedx@edasdahltalﬁa@&da@awe

nmet hod. 25 ot.her of t. | nventiq rovi de a '
eoourc. > pletely solfi pBAGG0n ESRAn{la ifueRte ndl 13 ay !

having at |easecaseitis mademfrglassm ion. . - A furt her obj ect of
the invention is t iﬂ&?ﬂ q;acgéhe I ch can
be inplenented as glr‘lﬂé?%‘ are eV| ce, #%sqﬂ%tm%ﬂﬁ%gaﬁéoﬁge li ke.
These andﬁheﬁ%ﬂ&ﬁgﬁ \the: same time the objeots stated above, a

I:qw d crys]E alaﬁdlthahat/isﬂpohﬁblé,eayurmtab%tmbmﬁ or'ae d lBérs :
Accordi ng o HEIERE EAEsE contiibnS MRSty SiporiRly ltp fir ey thin (o
cell of the tylquit exystablayerg arid i bytummewr&nnplatese and t he
mutual  spacing of theesRACHBNRERN it codcdptfort 8Y te phédéift HvenBbhie thid
20 following two main conditions (i) and (ii) have been formulated which
must both be satisfied in order that the liquid crystal layer should not
be compressed to an impermissible degree upon pressure application
within reasonable limits, i.e. in order to obtain a pressure-insensitive
display. The conditions (i) and (ii) must be satisfied independently and
25 are equally lmportant

(

(i) The relatxve compression of the spacers caused by an exter-
' nal pressure on a first of the plates must not exceed a maxi-
mum value.
30 _ _
(i) The maximum deflection of said first plate between the

spacers must lie within the same limit. -

During the conception of the invention, the following two formu-
35 lae (1)-and (2) have been established, which correspond to the above-
mentioned conditions and of which especially formula (2) explains the
surprising rigidity improvement achieved also with very thin plates:



in relation to the other design pararreters of the cell that pressure
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6* %gﬁglflﬂspu ty of the cell is achi eved while at thePSHYESOMR2 ¢ he
t hi ck- ness of the pl ates is limted and t he spacers are not visible
to the naked eye. © According to the invention, it is
possible to provide aliqui d crys- 5 tal c,el | i nplenmented as a displ ay,
an antiglare device, welder's goggles etc., with an extrene and
surprisingly high inprovenent of the mechani cal rigidity and :
shock-resi stance as cgpaddd WPt h Athe pri or art described above. For
exanpl e, the inventio ca_'bé'g_gnﬁ? d as an STN di splay having a
pressure resi stanée which I's nore than' 10 100 tinmes higher than that of
today's displ ays ich basically means that the display can be
designed so as to behave as a com pletely solid body upon
mechani cal ind!luence case it is made of

gl ass. rg B H%ﬁfgﬁ’{?@ﬁ#héﬁ‘gé@@@ﬁwﬁpﬁ%ﬁ nsi ght that several
conditions 15 Mnstmprmmtsthe@lmxgerﬁ aderheightichi eve the obj ects
stated above, P %@ f&&ur@bﬁa?&&g tﬁcﬁ"lﬁ ecGelpf design
paraneters, to achieve t. ese nul t ousl¥ espedial ly

al so for very thﬁﬁ represents, 9& éﬁgﬁg (P@ t hin

pl at es. _ msche degreéd bf steface tow pthe Spaceresaithe

I nvention, t _20 Lﬁgtgg two main conditions (i) and (i1) have been
formul at ed both be satisfied in order that the liquid
crystal |ayer should not be conpressed to an inperm ssible degree
upon pressure apghgcation "within reasonable linits, i.e. in order to
obtain a pressure-insensitive di.splay. The conditions (i) -and (ii)
nmust be satisfied independently and 25 are equally inportant. (i)

The rel ati ve conpression dithq:ﬁ)aceag caused by an exter-

nal ressure on a fir of=t lnot exceed a maxi -
Pr d B A
15

wherein

represents the thickness of the liquid crystal layer,

represents the maximum deﬂectlon ofa plate,

represents the mutual spacing of the spacers,

represents the modulus of elastu:lty of the plate (normally bemg
the same as for the spacers), and

represents the thxckness of the plate,

20

oo Bl o g (<N

o

25 'Formula (1) has been 'e_stablished'for rectangular spacers, which
is the most advantageous, as will be described below.
In addition to the above-mentioned conditions, there are, how-
ever, important secondary conditions concerning both the width of the
| spacers and the plate thickness. These secondary conditions must
30 also be satisfied. In fact, it is trivial from (1) and (2) above that the
relative compression of the spacers Ah/h may be infinitely small if the
degree of surface coverage s is selected to be sufficiently large, for
example if one chooses véry wide and very closely packed spacers,
and also that the relative deflection of the plate Ad/d can be made as
'35 small as desired if the thickness b of the plate is selected to be suf-



mum val ue. 30 (i) The maxi mum defl ection of said first pl ate
bet ween the spacers nust lie within the same limt.

Duri ng twggé’dﬁ'@@pt ion of the invention, the follow ng t wPCHSEISNM4E5 | ae
(1) and (2) have been established, whi ch correspond to the above-
mentioned conditions and of which especially fornmula (2) explains the

surprising rigidity inprovenent achieved akso with very thin plates:
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7 [err] ﬁciontlselarge Irbothercwords;the pivbleni iso ﬁf'ox&hé ap féé%?.xzeem s an
o oS RS s 00 il suppapiog ikt
modul us of el sSuffigientipmmald thickness In actual fact; these secondarylegnee of
surface cover agRidtis aﬂ?h?ﬂﬁ%ﬁxﬁ'ﬁveflﬁ‘ tht‘permissitik ifthit8'f8} the other 2"
Lerr] 1% desxgrv'\r'h parameters of the display. :

In connection with the conceptxon of the mvenuon, the inven-
tors have found that in the case of STN dlsplays, and also in the case
of TN dlsplays operatmg in a so-called first xmmmum mode, the rela-

_ tive thickness vanauon of the liqmd crystal layer must not exceed 2%
10 if interference with the performance of the dxsplay is to be avoided.

Today, STN displays are manufactured, for example, with a
resolution of 3 pixels per mm or more, i.e. with a maximum pixel
surface of about 300 um x 300 um, corresponding to the VGA gra-
phics of a 10-inch display. In this case, spacers having a size of

15 100 pm x 100 pum would be unaeceptable since they would not only
occupy an unacceptably large portion of the aeuve surface of the dis-
play but also even be visible to the naked eye.

To achieve the objects of the invention, spacers of 50 um x 50 um
are however usable, since thxs size has been found to be a reasonable

20 upper limit, beyond which it is possrble to discern inhomogeneities in
the dxsplaywrth the naked eye. In actual fact, this hmlt of 50 um
agrees with a oommon upper standard hrmt for the width of the etched
msulatmg grooves. surroundmg each plxel in liquid crystal displays. In
other words, spacers havmg a maximum wxdth of 50 um in one direc-

25 tion can be placed in these interspaces outsxde the active pixels of the
dispiay.

' As to the secondary condition relatlng to the size of the spacers,
it should be further noted that in those cases where the hqmd crystal
cell is not divided into pixels, for example for use as a visor, an anti-

30 glare device, a welding shield and the like, it is even more unportant

~ that the spacers are not v1s1ble to the naked eye or can be perceived
as lnhomogenemes in the cell. '
| Moreover, itis advantageous if the spacers have a mxmmum
| light scattering effect, i.e. an ahsorption and a refractlve index cor-

35 responding to the liquid crystal and a transparent covering plate.

B ~ As to the secondary condition relating to the plate thickness,
the invention makes use of a hquxd crystal cell in which at least one _




d represents the thickness of the 1iquid crystal |ayer, [err]
represents the nmaxi mum defl ection of a plate, 20 L represents the

myt ual spacWRP6IBI¥he spacers, E represents the nodulPOI/SESS01469

el asticity of the plate (normally being the sane as for the
spacers),, and b - represents the thickness of.the plate. 25

Fornul a (1) has been established for rectangul ar spacers, which S

t he nost advant ageous as WI II be descri bed b& ow. I'n addition

to the above-nentj wﬁﬁ ?ﬁw
secondary conditlgns concerm ng o Eﬁﬁ‘& ;{rﬁssure) spacers a&?‘?%e

pl ate thickness. ¢xeeedingchmm, Whishds:a seasonahleyalue for the megf forn
fact, it is trivi ahyfdoriniehtial h@h@eafdﬁ;c ses mir

f th h/ f t I
o esston o Gogieiaga do. ST ipindas & Xviﬁ?ﬂbqur

~exanple if ond chMyEQS@Bdetm‘d ;oaehievd sguﬁ"mmnﬂyhxgh and

?mi?l tggt dtegﬁregl ?%W?&eélging&hgiwéﬁﬁ%ﬁ?e ’i’s seﬁéc?&#ﬁe e su

WO 96/ 18130 deformed sufficiently to ensure good engagement. PCT/ SE95/ 01469 |
ficiently large. In othsr ehtiohed! dow, qt)i@pbasimeﬁﬂpmémaeﬂﬁeﬁ&ur&meve

~insensitive displ% avin sufﬂmentlx‘éa% ﬁgﬂﬁﬁg&%glnts and gl ith

sufficiently snal rpvement,
ditions are H@h| knlown cihhysmah thiscimprovement ismotniargindicbut Qaite sert

concept Lon of ¢ neSaHgRAF e Y vlaiged not least with (ERKGH kR &5 .
case of STN di spl ebgve,afronamuchntaweaas&at the maximumyrelgtivg deflestion ng

in a so-called firg muewe s'T6lléws a uncnéﬂdlerél&h ﬁrmﬁngme
variation of the Li w’-pé?" IEal st not exceed
or

interference wit hf s‘ﬂl'&?’?%enttﬁaéy &\Rﬂwsd"h“:h is
15 very flat close to origin.

As an illustrative example, a comparison can be made with the
cell described in the above-mentioned EP 0 407 993, where L=600 um
- and B=0.5 mm. If, according to the invention, one instead chooses
L=300 um (reduction by a factor %)} and b=1 mm (increase by a factor
20 2), then Ad is reduced by a factor 27=128 as compared with the.
known celll - - s
This L4b-3 dependence also gives another highly essential pro-
perty for the display application, namely that the higher the resolution
{(lower L), the more rigid the display, while at the same time still
25 thinner plates can be chosen without departing from condition (2),
since L4 decreases more rapidly than b-3 when both L and b
decrease, and this at the same time as the condition (1) can be
satisfied with acceptable values for the width of the passive surface
between the pixels. This means that the technique according to the .
30 invention permits the production of small, extremely thin and light-
weight, high-resolution graphic displays, which is of interest in, inter
alia, the horological and optical industries, for example in optical
instruments containing many liquid crystal components in cascade.
In such applications, it is often desirable to have separate components
35 that are so thin that even normal handling would make them shock-
sensitive if they were designed in a conventional fashion.




Today, STN displays are manufactured, for exanple, with a r esol ution_‘
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of 3 p| xel s ﬁ)er nm or nore, i.e. vmth a maxi num pi xel surface of
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owever usa S ,Si e -oun 0,.be a redsona
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I nsul ati ng grooves surroundl ng eac p| Xe s-| n
ot her words, witheuwt exhibitingianyraltered, pmechanieahpm;[ertleQS :
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di spl ay.
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As to the se@nrﬂchowdgels)rwtwmtﬁmné fdﬁadisﬂaylliavﬁi?&sﬁnear pixelthe
I nvention mWﬂi%ﬁOM'&%&t&ﬁi’iﬁkﬁhsgﬁ-hm E i e ts;?anc%rs . WO
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- permissible value according to formula: (1) and therefore obviously is
- completely unacceptable if the cell is to be cons1dered shock-resistant

©%4{50) 3002=218%; g ARR"ME GonBresibRior'the spiiers' M !

lies within the penmssxbl- hmxt according to formula (1) above. The
relative deflection (Ad/d) between the plates according to-{2) above
becomes, with P=50 atm and d=5 um, equal to 2*10~4 um, which-also
lies well within the permissible limit of 2% of 5 um=0.1 pm. The = - -
thickness of 5 um here corresponds to the value which today is a - -
standard value for STN displays.---

- As compared with the prior art, it mpossnble to calculate the

corresponding value of the degree of surface coverage s for the spacers .

of the cell.in the above-mentioned EP-A2-0 407 $93 as follows:
$=(20um/6001:m)2~0.1%, which corresponds. to a 10% relative com-
pression Ah/h of the spacers at p=50 atm and, hence, is far above the

and mechanically stable. -

Similarly, an unaceeptable s-value is obtamed for the cell in US- —-
A-4,150,878 where L=400 pm and the spacer diameter=100 um gives
s=(100/400)2 = 0.06%, y:eldmg a display which is easily deformable
despite the large glass thicknessof 3mm. -

As opposed to this known technique, it is possxbie by the inven-
tion to produce super-thin, super-light, but at the same time super-
strong displays for use, for example, in a completely new generation of -
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any commercial glass intended for LCD purposes. For greater glass

t hi cknesses, such as a 3-mmthi ckngss- as in the above-pmenti oned 5

US- A- 4, 150 \maﬁnsmu s al so inpossi.bl e to achi eve a suffici enPCT/SEAS@RI6o
accuracy of the crystal l|ayer thickness, since the glass cannot be
defornmed sufficiently to ensure good engagement. As menti oned
above, it is possible with ‘the invention to achieve an extrene

i mprovenent of the mechani cal Tigidi ty as corfdared with 10 known

di spl ays. That t hj

sational can be ﬁﬁ‘aﬁk%@ﬁiﬁe st Wlt” &%ﬁgﬁgﬁgﬁgﬁ ttgh:ve“pto
above, from whic s oll, ageordin o

Ad/d between the E#S04m dritl AR 0suin fwititl of ithe Fpacers), Aaiegree of surface

formL[err]b[err The L4 G resent i.ch

15 ety f1at ol Le%vmsa-ifﬁfgﬂf’"-&ﬁ SRR, Tibich i Pl AvRe the e
conpari son ca® bemissibledintit vialues. If at the/samie titné bné chooses a plate
above-nmenti oned

according to the%ﬁ%ﬁ%ggom eaQOp Ooérd&%ﬂectloneaﬁ%? S’IMHHIS
(reduction by a f abtained/at) 50 atnb, which satisfie 20 2), then
[err]d is reduced by aAEQﬁéﬁﬁoﬁEd ﬁﬁmﬁm@ﬂ smeéué lays ( Fwwvn

cell! d I h hi hJ

TN werc a5 M S o A AL

hlt gthﬁr t he rtaSODI utieformation as(¢comparéd mﬂh@l\mnd S’Flgdusplays.dl‘hgloppcaw Ite

a e sane I e In
fromcondition (Z?EMS&bfesd%ioEig{eH@f %egﬁ gea%ssgs %&%Wa rri )

~when both L and bcase, but themechanicahene is g autth%tlmaeles l:gi eor-

- condition (1) Cannghonmusbe%%&nééae&swe mﬁfaf&aehmﬁ@iba&d%a

of the passive su

t t h -
techni que accordi h&gtmﬁkwm% Ge"mmen?&gﬁ %@Fﬁ‘f‘y Pgths Fﬂ?&i’ﬁman ‘Efﬂi BFcéa‘l’ri?l
~extrenely thiys angiol regiird is paid towelapitiorhand- ﬂmphndlmrwmapﬂm:ddﬂewmss

Industries, for cashpnbed gk Sapherical clb'Havibd SEHACETRAMS R it i
liquid crystal cothatthe smecticiquitbcrystal layers should bp;dqfoanednsrewersiim
Sven o o han OSSR MWL, cofbepbilagopiaulip o,
designed in a con%ﬂm PREssuresand d= ’ correspondmg to the thinner la
20 required by an FLC or AFLC cell, the above-mentioned expression
gives a relative deformation Ad/d of about 0.1%, corresponding to a
maximum deflection Ad of 0.002 um. This shows that smectic cells are
considerably more sensitive to shocks than corresponding nematic
cells, leading to a lower limit value in formula (2) above. Another mini-
25 mum limit value of the degree of surface coverage s is also obtained as
compared with the nematic case. Assuming that the standard load for
a "shockproof test" of FLC is set at 10 atm (corresponding to 10 kg
over one cm?2) according to the European Felicita programme, an
s-value of 2% is obtained, which thus is the minimum permissible
30 degree of surface coverage of the spacers if the cell is to satisfy (1) and
thus be mechanically stable.
The invention will now be described in more detail in some non-
limitative embodiments with reference to the accompanying drawings.
Fig. 1 is a schematic, not-to-scale, longitudinal section of a cell
35 illustrating the deflection upon application of an external pressure.
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10 _ A reasonabl e upper limt for the applied external
pr essur eWP 9648130 be set at 50 atm ([err] 50* 1BC®SEISH146D) ,
corresponding to a weight of 50 kg on 1 cn2. Wen tested,
liquid crystal displ.ays produced according to the invention
have been found to withstand this and even hi gher pres- 5 sures,

wi t hout exhibiting any aI tered opt | cal or kBchani cal properties.
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25

however usable also for nematic displays.

For s-values around 1%, the variation in experimental results
has been relatively large, for which reason we feel that s must at any -
rate exceed 1%. The most advantageous option seems to be where s is

‘between 2% and 4%. There would be no reason to choose s greater

than 4%, at least for STN displays.



, : _
despite the large gl ass thickness of 3 mm 35 As opposed to
this known technique, it is possible by the inven- tionto
produce supwoO 98130 super-|ight, but at the sanme tine super- PCI/SE95/01469
strong displays for use, for exanple, in a conpletely new generation of

WD 96/ 18130 . EEA PCT/ SE95/ 01469
11 clock displays. In such a display, it is an aimat present to

. have up to 20 pixels per mrm |f, accor#8ng to the invention, one

- chooses L=50 [err]mand [err]L=10 [err]m (w dth of the spacers), a

. degree of surface coyerage sy(10/50)254%.,..s obtained, which is well
above the per- g‘esﬁ] ssi,bl’'e. i mt “val ues. 4_%414&‘2 he s fﬁ ti ne one chooses
a plate thick- NO hoodmm) hoy (wmbs onp)(umiym) | rrm?/ defResultsn Ad
equal to 10[err] [err]mis -~ obtained at 50 atm  which satisfies (2)
extremely wel | . 1 1 As nHO00oned b32wp320f i niy,educti Pger snectic
di spl ays (FLC or AFLC) have a totally different nmechani sm which
limts the permsside 101 def or 580i on as 20p20ed wi 0b16N anPodiiN
~displays. The optically - perm ssible deformation is at |least 5 tines
greater than in the 3TN 1 cad80 but t h@5®2Bani cal0.6ne Doultbuk 10
times less. This latter defor- mation_thus becones decisive. Froma
cal cul ati on based orffa si npki - - 500 fjed #BFAOwni ch Bierr

sensitivity of the ctic gell begause 15_.no.regard g paid.to

rel axation and flow,sggnd i n(iv\,hi ch éﬁb def | ec?péﬁsés 2.8 degg?ﬁ’@ed as a
. spherical cap havingza surface rad:lga R it ?ﬁé{ﬁ nd tf@éo&he
~snectic liquid crystal |ayefs shou be defo rrevera bl y for
[err]d/d=4d/ R For Rg0.5-1 ¢m cor li%pondi ng Gg‘pﬁgxi rrate|4'y to t hunb
pressure, and d-2 pm correSponding to the -t%l nner | ayer 20 Tequired by

an FLC or AFLC cell,gthe abgve- nenggpned exyE&Sion 1.6 9i Gsod
relative deformation [err]d/d of about 0.1% corresponding to a

maxi mum defl ection /@ of 0.902 pm 500i s shov§) K280 snect 4c cel |Godde

considerably nore sensitive to shocks than correspondi ng nenatic

cells, leading to alOower lamt vab0® i n for4ixsBGR) abo8. AndGbed ni ni -

25 mumlimt value of the degree of surface coverage s is al so obtained as
: 11 1 . 800 20 x S00 4

The tests in the above Example that satisfy both the condition of
s (i.e. condition (1)) and condition {2) have thus confirmed thata
5 pressure-insensitive cell can be achieved. In the test cells that have
- been designed and been filled with smectic material, no essential
difference has been noted between FLC and AFLC regarding the pres-
sure threshold for irreversible deformation. On the other hand, an -
upright bookshelf structure is easier to realign in both cases than is a
10 chevron structure after a minor deformation. |
| In particular, but not exclusively for smectic cells, it may be
preferred to use spacers which do not have a square, rectangular or
‘cylindrical cross-section, but instead extremely elongate spacers
whose width transversely of the longitudinal direction, in compliance
15 with the above-mentioned conditions, must not exceed 50 um in order
' that the spacers should not become visible. Tests Nos 8-11 are per-
formed on smectic cells. In addition to their stabilising function, such
elongate spacers have two functions which are especially important if
the smectic layers have a chevron structure, and especially if the
20 molecules have a high pretilt angle at the surface. The first function,



conpared with the nematic case. Assuming that the standard |oad for
a "shockproof test"” of FLCis set at 10 atm (corresponding to 10 kg
over oneWO#SiIBEcordi ng to the European Felicita programmPCTSEIS/01469
s-value of 2% is obtained, which thus is the m ninum perm ssible 30

- degree of surface coverage of the spacers if the cell is to satisfy (1) and
t hus be nechanically stable. The invention wll now be
described in nore detail in some non- 14 |initative enbodinents with

reference to wmc %ﬁwm both mthatie and smectic cells, ift@guidé%héhq ,
ustrating
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view of an entelcngaﬁtpaﬁrso i1l u- strating an exarrpl e of the use of
El ongat ¢ spacer s, . FilyL schem%?ﬂ!i*ence St Cotigliccin’e Iidija'digin® ©
bel ow, su O;fldgad wea@émmmmmauebm. ch
confltrlmthlalt tﬂl_aﬁ]eslandﬂnhefémrx%feﬁeétblﬁﬁ Pdterpﬁhgyeﬂ?n A
crystal cells e_su ens een, varl ed he

0.1% and 4% & IE cﬁvely which ‘fﬁ’& 99:7’&55(?89“ ve been
such that condrystal layés Tl(&ﬂuhknebseoﬁthetplatfe b ds desigriatedteandTthe | i qui d
S oo USRS nens PSR (UGS L CRpTHiN G ST
of 50 at ni®or the;second plate 2, may, Accerdingta the invention, be  Test s
Nos 8-11, con@qﬁs%mﬁwﬁaﬁaﬁwﬁﬁlmm&ﬁhﬁeﬁértheﬁrstplate

Any deflection takes place between spacers 11, which are formed
integral with the lower plate 2 and arranged with a mutual spacing L.
The width of the spacers 11 is designated AL, and the maximum

20 deflection of the upper plate 1 between the spacers 11 is designated A
d-._ .. ’

As discussed above, two conditions must be satisfied in order to
obtain a pressure-insensitive cell. First, according to condition (2), the
- maximum deflection Ad caused the pressure P must not be too great.

25 Seoond according to condition (1), the spacers 11 must not them-
selves be excessively compressed by the pressure P. If the height of
the spacers is designated h (equal to the liquid crystal layer thickness
d in Fig. 1) and their pressure-induced compression is designated Ah

_ in accordance with condition 1, then it is possibie for small

30 deformations to use the following expressions for calculating the
relative compression for different shapes of the spacers, where E is
the modulus of elasticity of the spacers, which normally is equal to E
of the plates 1, 2, and where s is the degree of surface coverage of the
supporting or engagement surfaces of the spacers on the plate that is

35 subjected to the pressureP: = R
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20 <cussed in nore detail below The elongate spacers used therein are

hawever usable also for nematic dlsplays o For s-val ues around
1% the var MRS experinmental results -~ has been relPGIVSESSQI4E% ge,
for which reason we feel that s nust at any rate exceed 1% The nost
advant ageous option seens to be where s is 25 between 2% and 4% There
woul d be no reason to choose s greater fhan 4% at |east for STN

di spl ays. WO 96/ 18130 ', - 15 _ :
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b L [err]@l‘*[er* ][P[Z 1/2 No (nm) ([err]m
([err]nT[err]n) (9 Sult s 1000 32
X 32 Poor h 5[1-3ng sﬁhﬁﬂﬁdsﬁ"cer?t)xz 0.16
Poor 3 1 32 _ 25 x 25° 0.6 Doubt f u

4 1 500 40 x 40 0.7 Doubt f ul 5 1
300 50 x 50d zhs jﬁﬁ-B/S 6 1 100 20 X
20 4 Goo 1 ibrd&ﬁhdruzﬂsﬁﬂmﬁs ﬁnd 4

- Good . 8 [ Eg 40 x 100 1.6 ¢
9 1 500 40 x 250 4 Gbod 10 1
- 500 40 x5500 gh r,Giood 500 .20 X

- 500 4 ~Good 4R __F The testf&r &Q %ﬁﬁnpl e that
. satisfy both the condithon & E s (i.e. condlftion and condition

: (2) have thus confirmed that a 5 pressure-insensitive cell can be
- achieved. In the test cells that have been designed and been filled

with snectic mat eFiah these formulae, which are illustrated in the diagram of Fig. 2 by
respective curves, it clearly appears that for given values of s, Pand E,

10 minimum compression is obtained for rectangular spacers, which -
thus are preferred. -

Reference is now made to the display shown in Figs 3A, 3B and
4, where the same reference numerals are used as in Fig. 1. The
display comprises a transparent upper or front plate 1 and a lower or

15 rear plate 2. The plates 1, 2 are preferably made of glass, but may also
be made of other materials, such as quartz, polymer etc. An edge seal
4 is arranged between the peripheries of the plates 1, 2 to herme-
tically interconnect the plates 1, 2 and to enclose a liquid crystal iayer
3 therebetween. In the illustrated embodiment, the plates 1, 2 are

20 provided with electrically conductive, intersecting electrode layers 5, 6
for applying electric fields over the liquid crystal 3, at least the upper
layers 5 being transparent. The lower layers 6 may be either trans-
parent or reflective. Possible designs and choices of material for these
layers require no further explanation, since they are known to those

- 25 skilled in the art. In the top plan view of Fig. 4, the hatched square 15
between the four central spacers 11 forms a pixel.

If the cell is to operate in the reflective state, a reflector 7 may
be arranged on the rear side of the display as an alternative to the
lower plate 2 or the lower electrodes 6 being reflective.

30 A polarising film 8 is arranged on the outside of the upper plate
1, and depending on the application, a second polarising film 9 may
be placed between the liquid crystal 3 and the reflector 7. Moreover,
orienting layers 10 are provided on both plates 1, 2 closest to the
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arrangement o ;ﬁfﬁt least ofié PR ShARCRAVe an msulacP.n$ 1%;r exam .

schematical ly 1| trates: 1n"cross-section I qui
| oaded by an e G+ essure P and conpri si ng two paral I eI plates 1

and 2, hereinafter Iretheiltdstrated extradinerit, spécial hpé.@crs 12 are.
Cryoral | a5t Al ffe BRoipiiz ﬁﬁéfe@“&%iﬁ hiﬂaﬁx%eﬁl Brelide by the
unaf f ect ed t hi sampestechinique asithe gentral spacersnhl <Thel petipheral spacerisel2 15
thickness of 1@fss fii8ttaltbd ifi Fig5) haté afY clohgat®shiifie aR¥oFibAtAticH con-
tnbutmg to guide the liquid crystal flow during manufacture, with a
- view to ensuring a uniform flow and avo:dmg onentatxonal defects in
20 the liquid crystal.
' The peripheral spacers 12 have the even more important func-
tion of preventing cavity or void formation in the active, central part of
‘the display at low temperatures. Such voids often form when filling
liquid crystal cells, which takes place under vacuum, but in actual .
25 fact constitute a general problem in all liquid crystals displays. In par-
' ~ ticular, these may during transport be exposed to very low tempera-
tures, in which case the considerable volume contraction of the liquid
_ crystal as compared with that of the glass may easily lead to void for-
mation in the liquid. Such voids may remain durmg an excessxvely
30 long time after heating to room temperatire.
 Since such a void formation is counteracted by caplllary forces
and hence requires a surface energy which is the greater the smaller
the radius of curvature of the void, it is possible by means of such
peripheral spacers to locahse the void formation to areas outside the
35 active area of the display. ' .
- The width of the peripheral spacers and their mutual spacing
should be significantly greater than the width of the central spacers



equal to or optionally greater than the thickness of the first plate 1.
Any defl ection takes place between spacers 11, which are forned

i ntegral w WO2M81300vwer plate 2 and arranged with a nutual sPOIISEgS/#1469
The width of the spacers 11.-i.s designated [err]L, and the maxi nrum 20
deflection of the upper.platel between the spacers 11 is designated [err]

d. As di scussed above, two conditions nust be satisfied in
order to obtain a pressure-insensiti ve 1(',7el | . First, accordl ng to :
condition (2), thghd their rﬁ%’ﬁxﬁl‘ € C&é‘&ﬁéwﬂ”ﬁ el aust

gatstbﬁoto?hg:fat % !S cond .acor #’9& gﬁf) “8 'ﬁ} agacer .11|f

t he hei ght of the umawd:lpaccxshdxghtgmmwdemabbve,uemms toihhve a

Compr 6ssi on 15 32@*‘%‘22?“%“& of &Mwi&%%??éﬁ'éﬁw RRAERA P RIpAIPA Fitn the

i s possible & «emtral diatance, where the spacers ang tgqacloggréqs
for calculating tdigh 0 f t Ritdef the
spacers, where E is '_other gﬁ'l us ¥ eI t|C|EOBbf6ﬁhea sgggrs %hl ch
normal ly is equalwﬂy@as“ Qrﬁé“ SPQ"F'Eh ree
of surface cover agpacersiheans that the gaps lmmmmdenmma selativehe

Spacer S\A%”Q'é?igﬁlég}fﬂ‘ Siittabes, on wﬁi‘éﬂj e filclaRide'thiS ter3dY fo E)ake place. An

PCT/ SE95/ 01480 mcreased spacer height in the peripheral area furthes contributes to
Ezslr |r ]n ar C;f’r S; 22 t Dtgﬂat‘ﬁ%ﬁs of curvature of the voild8'tb/be greater thaf'within
e active area of the display, thereby lowering the energy of the void.
The large gap between the peripheral spacers also aims to
locally facilitate flow of material upon temperature changes.
15 By tests conducted with temperature cycling down to -40°C, we
' have found that the peripheral spacers, optionally arranged in double
outer rows, are efficient for collecting and rendering harmless ther-
mally-formed voids and for suppressing the formation thereof over the
active area of the display.
20 Our tests have shown that even a small difference in spacer
| height of the order of 10%-20%, combined with a relatively large dis-
tance between the peripheral spacers, as in Fig. 5, is effective for
localising void formation to precisely this area.
According to the invention, it is generally deslrable, in order to
25 obtain a rigid display, to hold together the cells, i.e. the plates, by
means of a negative pressure, for example in the order 0.1-0.5 atm,
this negative pressure being produced when filling the cell and ensur-
ing that the plates in the finished cell are maintained in good engage-
ment with the spacers. It is conceivable to produce such a joining
30 force also in other ways, for example by applying a bmder or any other
type of joint on the spacers.



for rectangul ar spacers. [err] From t hese fornmul ae,

which are illustrated in the diagramof Fig. 2 by respective curves,
it cl eaMQ64$BW0ar s that for given values of s, P and E, PCI/SERSHRI6A M
conpression is obtained for rectangul ar spacers, which thus are
preferred. . Ref erence is now made to the display shown in Figs
3A, 3B and 4, where the sane reference nunerals are used as in Fig.
1. The di splay conprises a transp&gent upper or front plate 1 and a
| ower or 15 rear plate 2. The plates 1, 2 are preferably nmade of gl ass,
but may al so - be nade of ot her gaggmg such as. quartz, polyner
etc. An edge seal 4 is arrange en the peripheries of the

plates 1, 2 to herne- tically interconnect the plates 1, 2 and to

enclose a liquid gry e g-ustrated

enbodi rrent ?he pfl ‘fh%@dﬁpuidf&’ tﬁ?&“ﬁd%ﬁﬁgl ectr| ?&de conducti ve,
i nt er sectPng CAUPPE :ﬁé 6591%535(1 @) which are arranged at @ predetermined| ds over
the |iquid crdistaticedrom d@@ﬁtb&h%mminner tavity {CPahd ébwhicthapar ent .

Possi bl o des 1At SSLRIAte 1) IF irnispeent apd e e, fil Vo s PyBich e e no

further expl amttemedsl mm, and ammedulus.of elastivityeE; aﬂtqmmyuh]ihyehe art.
f our “ﬁetnggaf"@‘;a%%‘?? 8 oflbavty %ﬁéemﬂfﬁ?ﬁﬁ;ﬁ%‘ %%F‘Wﬁ? 4 e
oper at e t HBicknessd icpgresponding to ; angd-spacers
of the l oigfﬁe"i*?cm%‘&w‘be. B8 Revity & helghie corésfionding ‘&%‘ﬁ”ﬂf‘ﬁﬁl ?.t sz
is arranged &if s[’I”Fi g SPRLERS Bq:ggecﬁstributeq ﬁ‘ Gﬁ!ﬁﬂl ng on
the appli cat iwith mspaempl. Mchhavmmsﬁbsmrﬁiaﬂwthe same modilasaf diastieen
10 ar e pr ovi S Bas sl aistiplafe, €hoh n ¥Y €Y Yis o d inspgEhg, 00 VTS
PCT/ SE95151 4 ®pacers (11), at least in one mrectlon, have a wxdth not exceeding ) ,

50 um; that the degree of surface coverage s by the supporting areas

of said spacers (11) on said first plate (1) exceeds or is equal to 1%;

and that the value of L is so selected in dependence on current values

of d and b that, when applying a pressure P on said first plate (1), a

20 maximum relative deflection Ad/d, caused by said pressure P, of said
first plate between the spacers satisfies the followmg eondmon

AdPL4

d 4Eb3d

s01 | o®w

25 where Gl is equal to or lower than the value of the following expres-
sion (B}, representing a relative compression of the spacers (11), caus-
ed by said pressure P, for a case whene the degree of surface coverage
s assumes its minimum value of 1%:

ah P
30 Ah
h

"“E B



|IJC]UI d crystal 3 to achieve an initial orientation thereof. The choice of
material and the orientation of poldrisers and orienting layers are
known conce;we%llslmhose skilled in the art and may, for eXanPbErSEdS/01469

produced as described in US-A-4, 653, 865. -5 Fixed in the cavity
between fhe plates 1, 2 are a plurality of spacers 11, which in this
desi gn are produced by etching the | ower plate 2. The
above-described paraneter degree of surface cpyerage s - t hen

corresponds to the qu nt_:be: n the S of t he, uppe engagenent
surfaces of the space é %Haf‘ﬁ %mindféméurface of
the plate 1 over ovh @hrtae tpuaeiss tldauethhssaxdbnpgetdeformaﬁon limit IG1 ise
spacers 11 are plﬁﬁ?@ féi’gf'a s 5, 6, t hen at

| east one plate dﬁhave an |nsul'§1’t ng aﬂylgyﬁ}f for_ exam pl e of

si lica. mmmdmmm claigt 1 9re2,al
spacers 12 arg é%ata@c@d et l@eparhpﬂeaahx@n hid)efystélid}%r(tsfrﬁhaxsmd
are made by the same technique as the central spacers”11

peri pher al spacer%"?ﬁmre (also illustrated in Fig. 5) have an el ongate

shape and ori ent ati on 408-nematic hquid)utyrsw«:ellasidﬁmddaiﬁ claint3¢r yst al

avol di ng -ori ont ach ahll FRILIET f 8 sod b GRISTR fuelte il il 7

peri pheral spacerangle exoeeding 200%, rmre i'mportant func- . tion of

preventing caqgty or vgldﬁmw ;t;m !ﬁi nébf claims
the display at |ow tenperatures S.,0 or e

liquid crystal XYT"S Cli BT Bafck € 4cR € é? ﬂr?f

Iactlconsz Iht ute a(mgﬁsﬁnlthnrm@mfo&rzo mwrdf&abmmmﬂn?pl ays In par-

I cul ar ese may dur -

tures, in which cgse tT ﬂ%ﬁ?&ﬁ@%@%@ﬁﬁ@o#@%ﬁ% E&h%&u, d .
crystal as corrpare.qtupmﬂ Sh &) mammél,gz)auhxdaareanangeﬂmmedemmed '
mation in thqs | Gigfanckfonidth Hmefméwm&r@@e@aﬁdgfﬁﬁhwng

time after heat| rafure. .
formation is coun%éﬁ éﬁttﬁlﬂgz ﬁnammdhas%mqiambea t exeeed;
surface energy vhingh ind rmaraeﬁioaumbmmkhenyn a liquicherysaél sy (3) seal-

Chruar e, s, 48, b s i MBSl e pud nBngEA Ty

area of the di spl negss d correspondingta:the teights of saidcavityp and spacersr(i1hnd
el 1 Ut ual JRPaCiiicn are fixcd i bélid Bavity Bld G hbighi'IP8f Fhith Lriekpotad "
' to the thickness d of said layer, said spacers being distributed over
the cavity with a spacing L and having substantially the same modu-
lusofelasucltyEassaldﬁrstplate characterisedin
‘that the spacers (11}, at least in one direction, have a width not
25 exceeding 50 um; that the degree of surface coverage s by the sup-

- porting areas of said spacers (11) on said first plate (1) exceeds or is
equal to 2%; and that the value of L is so selected in dependence on
current values of d and b that, when applying a pressure P on said
first plate (1), a maximum relative deflection Ad/d, caused by said

30 pressure P, of said first plate between said distances satisfies the

following condition:

ad _ pt
d 4Eb3d

=2 (A)

-~

35 where G2 is equal to the value of the foliowing_expression (B), repre-
senting a relative compression of said spacers caused by said pres-



WD 96/ 18130 PCT/ SE95/ 01469
17 and their nmutual spacing, respectively, as shown in Fig. 5. Such a
rel ati v®096/1813¢er di st ance between the peripheral spacer CIISESVRIL S | ke :
t he i ncreased spacer height as nentioned above, the voids to have a

| arger radius of curvature in the peripheral area as conpared with the 5
“central part of the distance, where the acers are |ocated closer to
each other. Mreover, considering that, be formed, such voids

require a surémeep)‘formcahewhmmb eaif@udad&d | ; aeafsurabe;ied
spacers nean rebetween are delinited by relatively
| ar ger surfa%éﬂ%ﬁgﬂgﬁgggﬁucl ation thus tends to take place. An 10
i ncreased spacer height in the peripheral area further contributes to
pernmt the radius of cuAhat®e of the voids to be greater fhan wthin
the active area of the Tsmy thereby lowering the energy of the void.
The | argeggap between the:peripheral spacers also aims to . | ocal ly

facili tat§ fl ow of material upon tenperature changes. 15 By tests
conducted with temmmwchqulmmuha@émedﬁcm& ¢ hhave-f ound

(0 U0 P2 R PLRE e AUt o g oot

mal | y-f or med aroless tham 8d%s uppr essi ng t he formation thereof over t he.

active area of thesdA%ﬂzeéucuaﬁxdczystalaenats aﬁer % d/ eggrr;b A
9

smal | eren In spa hel ght t he or

with a ribatl‘?/ ?Fa?gfeicﬁé"sed 'g}ﬂ?eé)'ﬁ %n%ﬁ%ers
as in F: g. ﬁafmeéfeetﬂcﬁmu‘idrcrystal (FLChcal i sing voi d forrrat ion to
precisely this areg t tis
general |y desi rabI €, | %c%lrlq‘fud C%s&g{)g#ggﬁ %‘ﬁgﬁ’d‘qaﬁﬁ@%ﬁhﬁ}“ ® hold

together the @& BsT & &t & mel §| atdesn tthe hqumurstaif layen {3)-contains

pud

Pt easur 6. pet it SAHIEdelbotte I eyt NRLEI. | encur- - g that the

BI ates ih thengnl :ﬁ-eé%?é]%i‘g #Fgfq'ﬁfs}?}l ‘36’68 H@gggoneof t with -

t he spacers. 6-9,i ¢ kaaeeaveltl e it b speod uirethatcthecheightinof the spacers
(11) is in the range of 0. 5-20 pum, preferably 1-2 pm. '

11. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthatthedegreeofsurface

- 20 coverage s by the supportmg areas of the spacers (11) on the first
plate is 2-4%. :

12. A liquid crystal cell as claimed in any one of the preceding
claims, characterised mthaxatleasttheﬁrstglassplate
(1), preferably both plates ( 1 2), has a thickness b not exceedmg 0.5

25 mm. -

13. A liquxd‘ crystal cell as claimed in any one of the preceding
claims, characterised mthataforceholdmgtogether
said plates (1, 2) exists in the cell over the active area thereof .

14. Ahquldexystalcenasclmmedmclaxm 13, charac-

30 terised in thatanegative pressiire prevails in said cavity for
providing said force holding together said plates.

15. A liquid crystal cell as claimed in claim 13, charac -
terised inthat the spacers (11) are adhesively connected to at
least one plate (1) for providing said force holding together said plates.

35 =~ 16. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthatatleast some of the



30 force also in other ways, for exanple by applying a binder or any other'

type of joint on the spacers. . WD 96/ 18130

PCT/ SE95/ 0 1w696/18130 ' 18 PCT/SE95/01469
CLAI M5 1. Anematic liquid crystal cell, conprising two

el ectrode- 5 equipped . (5 6) plates (1, 2) which are arranged at a

pr edet er m ned di stance from each other to define an inner cavity (Q
and of which at | east a f| rst plate (1)21s transparent and has a

t hi ckness b whic city E;
a liquid crystal a;%&gfs (11), @%ﬁdwﬁ%ﬁ?@ﬁ%ﬁ%@% d
nenati c nateri aI mdmmasubman yllam‘ en tmmnmeig said direstipn
of the cavity; Jﬁﬁicﬁf)ﬁ gact?(rs fixed in said cavity and having a

C -

hei ght h correspon ness d qof said Iayer sai d

spacers being distri bat id crestal,¢ell @s celannqpﬁa anyeae; ghemdms ng

ﬁubstant I alt | ySt heclaims, EDHU?UIStaOé teeasiise d mchiwuﬁ:n u@bﬁy%ﬁaitenlﬁie c
aracter.] in t.ha i n.one

di rection, have e?‘fﬂ‘ﬁ?ﬂ aﬁ’@&gﬁ&fﬁ WEP&EE'{?gﬁ m?hébeﬁ?ec%& QueLf

surface cover age thelactivecareapfithe cejl,.comprise a pl of pepipheral spa¢ersn

1< so sel 22?23“’8‘%%‘&%% Eipan ?‘ﬁ‘%‘gmpm‘ﬁ@?’@ﬂ*ﬁ% e o

when appl yi ng a' j@ndBhayin pamgmse.mnqow ch is pubstantially larger thasthat
geI'ECt'fﬂ ALigd, df&h&ﬁiﬁ'sbétnéﬁtldnéﬂf Spaieess [l 1%3@t gctive aredbfﬂ&ebbﬁte |
et ween € spacers s e 0] condi,t.i on: re
GlL is equal to or Iowa:d ﬁ’ni} ‘iu ggmast 8 eprece&ﬂlg

claims, characterised mthatthehquxdcrystalcell in -
addition to said spacers (11) which are distributed in the cavity over
the active area of the cell, comprise a plurality of peripheral spacers
15 (12) arranged in the periphery of the cell and having a height exceed- .
ing the height h of the first-mentioned spacers in the active area of
the cell. _

19. A liquid crystal cell as claimed in claim 170r 18, char -
acterised inthat the peripheral spacers {(12) are elongate and

20 arranged with their short sides facing each other in spaced-apart rela-
tionship.

20. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthat the spacers (11) have rec-

~ tangular cross-section. :
25 21. A liquid crystal cell as claimed in any one of the preceding
claims, characterised in that the plates (1, 2) and the
spacers (11, 12) are made of glass.

22. A liquid crystal cell as claimed in any one of the preceding

claims, characterised inthat the spacers (11, 12) are
30 provided by etching at least one (2) of said plates (1, 2).

23. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthat the cell is designed asa
display comprising a plurality of pixels arranged in spaced-apart
relationship, the spacers (11) being arranged between said gixels.



sion (B), representing a relative conpression of the spacers (1 1), caus-
ed by said pressure P, for a case where the degree of surface coverage

siassunes iw©9ei1si3oum val ue of 1% [err] WO 96/ 18130PCT/SE95/01469
PCT/ SE95/ 01469 ' 19 2.
A nematic liquid crystal cell as clained in claim1, charact e
r i s e d inthatsaidupper deformation limt GL is equal to or less
than 2% preferably 1% 3., Anematic liquid crystal cell as
clainmed in claim1l or 2, 5 cha‘[/@ctcrisedinthattheliquid
crystal layer (3) has STN structure. 4. A nematic liquid
crystal cell as clained in claim3, characteri sedinthat
said STN structure has a tw st angl e exceeding 200[err]. 10
5. A nenmtic IlunqgsL'stal cel l asFBIained in any one of clains 1-4,
char acter’i d inthatthehf] ght hoft he spacers (11) is in the
- range of 0.5-20 [err]m preferably 10 [err]m : 6. A snectic
- liquid crystal cell conprising two]El ectrode- equi pped (5, 6) plates
(1, 2) which are amﬂthed at a preds(ernined 15 distance from each ot her
- to define an inner cexqity{( ich at least a first plate (1)
“is transparent and_hhg ick —exceed-— 1 M and a
. modul us of ela &g (3) s ed in said
“cavity and cont ai Ni=ag and havi-g Be=teht—c ness d
- correspondi ng tﬁ i &’ 20 which are
fixed in said 1|

[ & to the
- thickness d of saigdljayer—saie—spece iyt t | i the

~cavity with a sP

L

FIG.5
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|'us of elasticity E as said first plate, char acteri sedin

that the spacers (11), at
exceedi ng m that the degree of surface coverage s bv the s
P@ngﬁéﬁiaid spacers (11) on said first plate (1fc@éggﬁﬂgwor
to 2% and that the value of L is so selected in dependence on
when applying a pressure P on said

porting a
equal

current values of d and b that,
first plate (1), a maximumrel ative de

| east

in one direction,

25
up-

have a wi dth not

S

ion [err]d/d, caused by said 30

pressure P, of said first plate between 'said distances satisfies the

foll ow ng condition:

PCT/ SE95/ 01469

clained in claimb®é,

[err] 35 where & is equa
foll ow ng expression (B)

repre-
sai d spacers caused by said pres-

- deformation limt 2 is equa

. smectic liquid crystal
e r i
- ferroelectric liqu

;
. cell as clainmed in 2\&‘

“the liquid crystal (9%)¢]

4.00

cell
s edinthat the liquid crysta

t al

or
(3) contlai ns ‘

to

(FLO).
7,

FIGVB 96/ 18130

for a case where the degree of surface coverage s assunes its
val ue of 2% [err] 5
c har

to the value of the
senting a relative conpression of

sure P,
m ni num
cell as

20

7. A snmectic liquid crystal

acteri sedinthat said upper
or less than 0.1% 8. A
as clainmed in claim6 or 7, 10 c har act
| ayer (3) contains : a

9. Asnectic liquid crystal
charact-eri sedinthat

T—SPHERICAL
CYLINDRICAL

—RECTANGULAR

t st ¢t s 1l 11

0.00
0.01

S (%)

o1 1

10
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an antiferroelectric liquid crystal (AFLC). 15 10. A snectic

liquid crystal cell as clainmed in any one of cl ai ns 6-9, char ac
ten S w0 96/ig13¢ hat t he hei ght h of the spacers ( PCr/sESs/01869t e
range of 0.5-20 [err]m preferably 1-2 pm - 11. Aliquid
crystal cell as clainmed in any one of the preceding claims, c har a
.cter i sedinthat the degree of surface 20 coverage s by the
supporting areas of the spacers (11) on the first plate is 2-4%

12. Aliquid crystal cell as clained in any one of the preceding

claims, char acteristdin tgﬁgg ‘least the first glass plate
(1), preferably both plates (1, 2), t hi ckness b not exceeding 0.5 25
©mm 13. Aliquid crystal celt as clained in any one of the

. preceding claims, char ac |§§|§;¢\s e din that a force hol ding
' toget her sai d plates (1, 2) exists 1n the cell over the active area
- thereof. 14. Aliquid crystal cell as clained in claim 3, €

har ac- 30t er i sedinthat a negative pressure prevails in said
~cavity for pg4ovi di ng gaid force hol di ng together said plates.

15. Aliquid crystg s clalned in clalv [

I s edin that <

one plate (1) f

16. Aliquid

claims, ¢ h a

96/ 18130

21 spacers (

direction t 0 f ClA—ateea -g.li d

crystal cell as clained in any one of the preceding 5 claims, c haT a

cteri sedinthat the Ilqw(jiy t cell, in 7
| 1G.38
8

6 6
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the active area of the cell,
(-12) arranged PCPaced- apawbmmmhmtm
and having a transverse extent whi ch‘“‘l”%‘“

10

of the [INTERNAEIINAINAPPIJCATIONPUBLISHER UNDRER THE PATEN'E WERAEIQNJWEATY (PCT)

18. Thidetnbtiohd PtinP CladsfRéation®: Cl al Me 11 ﬁﬁi ]l ng

cl ai fﬁw&?ﬂ‘@‘: acterised:. Atlh (?lwnﬁ’mﬁo I qui ‘cell, WO 96/18130
addi fi on 3 spacers (11) whi ch are (Ch)nieiﬂahdihlﬂ’dbﬂciﬁoibﬂe caV| tm:@ygps(mosgs)
the \w ; vV TArva UI TIIC UCI I y UTJIIP'FI UT al I L)’ Ul7|J'CI I |JIICI al D'JaCtl J .L\J
(12) | iy 1ReciSdnd A PindbRAEr Y eérrssbﬁm@@l (s1pwelgday Stivgs: BY, N, YRR, 86,Q3EKkropean patent
ing the height h of the first-nentioned gpacer(aT,BE CHOEDK ENERLIBER.IE, IT, LU, MC,
t he (@) International Filing Date: 1 § Decamber 1998 @7-@P9)gt al M+ PT.88- claimed in claim 17 or
18, har - acteri sedinthat the peripheral spacers (12)
are @paad 20 arranged with their |phyued si des facing each other in
spac¢d- B4l a- 9 Decemberi 1084409i1p94)  SE With ingegnatiopal sep 'qb'rezjmcr stal ceI

as clainmed in any one of the preceding

e di Eﬁ)hﬂ,i,ﬁchﬁ @Pﬂpﬁaﬁmédlﬂamhﬁc‘éﬁ rU@F EMT AG

21. |'i QUCHICE] XS iSQdnraiti8h) CHREF 1St (CBY] | N &
cl ai chma.racter’sedlnthat
Spac 1 "q:]m S ~v-"|: ICARtS QLA&R S y
25 o L e &)hﬁs Siség EBI I

e d i|n t h&AVskie meems' Jekhisioya 5 -mMnBﬂ
(2) of sa|2 Sergel Ye [BYIBY‘]’,AKLaéis-'
¢l a 2 @&g&

din that mhemutd Bﬁkhﬁva. 31-1-
of pixels 3aM!dng@Q§8 @ma@m? [BY/BY];
bei ng ar r gt HeMitskBY)y pi xel s.

(74) Agent: AWAPATENT AB; P.O. Box 5117, $-200 71 Malmd
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(54) Title: PRESSURE-INSENSITIVE LIQUID CRYSTAL CELL
(57) Abstract

The invention relates to an essen-
tially pressure-insensitive liquid crystal
cell. Electrode-equipped (S, 6) plates
1 (1, 2) are arranged at a predetermined
distance from each other and define a
liquid crystal layer of a thickness d. At
least a first (1) of the plates is transpar-
ent and has a thickness b not exceed-
ing 1 mm, and a modulus of elastic-
ity E. Spacers (11) fixed in the cavity
andbavingaheighthmdistﬁbuwd
with a spacing L and have substan-
tially the same modulus of elasticity E
as said first plate. The spacers (11)
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have a width not exceeding 50 pm,
at least in one direction. The degree

of surface coverage s by the support-
ing areas of the spacers (11) on said
ﬁ:stplaue(l)exceedsonsequaltoa

minimum value which is dependent on
the type of liquid crystal. L is so se-
lected in on current values
of d and b that, when applying a pres-
sure P on the first plate (1), a maxi-
mum relative deflection Ad/d, caused
by the pressure P, of said first plate
between the spacers satisfies condition
(A): Ad/d=PLY4Eb3d<G, where G is
equal to the value of expression ®),
representing a relative compression of
the spacers caused by the same pres-

sure P, for a case where the degree of surface coverage s assumes the above-mentioned minimum value ®) Al/h=P/sE.




