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PRESSURE-INSENSITIVE LIQUID CRYSTAL CELL

The present invention generally relates to a liquid crystal cell,
comprising two electrode-equipped plates which are arranged at a
predetermined distance from each other to define an inner cavity, a
liquid crystal layer sealed in said cavity, and spacers which are
distributed in the cavity and the height of which corresponds to the
thickness of said layer.

More specifically, the invention relates to such a liquid crystal
cell as is substantially insensitive to external pressure.

The present invention is especially useful in applications requiir-
ing a large active surface of the cell, such as displays, antiglare
devices, welder's goggles etc. The background art and the advantéges
of the invention will therefore be described primarily with reference to
displays, which thus should not be considered limitative of either the
field of use of the invention or the inventive scope as defined in the
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
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-
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-

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
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often is parallel to the plates and, if so desired, twisted through the
layer, most commonly through an angle of 90°. In this so-called wave-
guide mode, the polarisation of the incident light coincides or essen-
tially coincides with one of the local eigenmodes of the system. When
applying an electric field over the liquid crystal layer, the optic axis of
the material reorients along the field with the result that the polarisa-
tion of the light is not affected by the liquid crystal. _

In addition, liquid crystal displays can operate with a variety of
other electro-optic effects which are not based on the waveguide mode
and where the modulatxon of light is instead due to more general
changes of the polansatlon of the incident light. Displays whose
optical properties are based on such effects are generally highly sen-
sitive to thickness variations of the liquid crystal layer and, conse-
quently, to changes in the mutual spacing of the plates. '

~ The thickness of the liquid crystal layer generally affects not
only the colour but also the voltage-contrast dependence of the cell, '
the maximum accessible contrast and other parameters. -

As described in US-A-4 653,865, it is of particular importance
to maintain a constant.hqmd crystal layer thickness in thin TN dis-

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
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
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
the risk of this occurr_ing-im_:reaées as the initial plate spacing of the
liquid crystal display decreases.
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It is true that a TN cell may often return to its normal optical
state after an applied external pressure, such as a thumb pressure,
has been removed. Normally, this also applies to an STN display, pro-
vided the twist angle is not too large, say for twist angles of 180°-200°,
but not for larger twist angles, for example of 270°, where the pres-
sure deformation causes a change in the helix structure which may
easily become irreversible. . | |

At best, realignment may then be achieved by heating and sub-
sequent cooling of the display and/ or by applying an electric field.

To conclude, an STN display having a high twist angle may thus
be easily damaged if subjected to external pressure.

Damage caused by mechanical pressure on smectic displays
containing ferroelectric (FLC) or antiferroelectric (AFC) liquid crystals
is a major problem today as discussed e.g. in a review by .
S.T. Lagerwall, N.A. Clark, J. Dijon and J.F. Clerc, Ferroelectrics,

Vol. 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.

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
bookshelf 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

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
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.



WO 96/18130 _ PCT/SE95/01469

10

15

20

25

30

35

4

To achieve a liquid crystal cell having a well-deﬁned layer thick-
ness over a relatxvely large surface, it is known from US-A-4,150,878
(filed in the name of Barzilai et al. i in 1978 ) to use prestressed 3-mm
glass plates with a plurality of spacers or supporting points distribut-
ed in the cavity. The function of the spacers pnmanly is to provide a
uniform layer thickness over the entxre surface i.e. good surface
parallelism. In a first example, use is made of cylmdncal spacers
having a diameter of 50 pm dxstnbutcd with a mutual spacing of
2 mm, wh:chxssaidtoresultmasurfaceparallehwitha
0.1 um-ooumtoleranceoverasurfaceoflo cm x 10cm In a second
example in the same document use is made of spacers having a dia-
meter of 0.1 mm with a mutual spacing of 1 mm, which is said to give

a surface parallelism wrth a 0.2 um tolerance . These tolerances are

however insufficient and unacceptable. for today’s: hquid crystal dis- -
plays (neither STN nor FLC e:nsted in 1978). Moreover, the spacers of
this knewn screen do not result, as will be explained in more detail -
below, in a pressure-insensitive display. Furthermore, both the 3-mm
plate thickness and the spacer dlameters are unaoceptable in com-
mercial contexts.

. EP-A2-0 407 993 (priority year 1989 and apphcant Hoechst
AG) describes a method for making an LCD cell. 'l‘o achreve 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

'_ statement that the cell is mcchamsch 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 mechamcal properties are well-known From the last-mentloned
article and from public demonstrations, it appears that the cell is
easily 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 um.

The drsplays hitherto manufactured and demonstrated thus are
not mechanically rigid or shock-resrstant in that a mechanical pres-
sure, for example thumb pressure, apphed locally on the protecuve
glass deforms this and causes both optrcal changes and flow of mate-
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rial in the cell. This is a general problem in liquid crystal cells, and
especially in smectic liquid crystal cells, whose development towards
technologically high-potential FLC and AFLC displays has been ham-
pered thereby.

The most direct approach towards obta:mng a pressure-insensi-
tive display — using thick plates, for example in the order of 3 mm or
more — is unrealistic for today's thin LCD cells. The maximum thick-
ness used today normally is 1 mm, and thicker plates have completely
disappeared in practice. Currently, there are also thicknesses of
0.9 mm, 0.6 mm, 0.5 mm and 0.3 mm, of which the latter dimensions
have hitherto been used only for very small displays.

The object of the present invention is to obviate these problems
encountered in currently used liquid crystal cells, especially cells

_ having a relatively large active surface.

A main object of the invention thus is to provide a liquid crystal
cell of the type stated by way of introduction, which is essentially
insensitive to normally occurring mechanical influence, for example
during handling and transportation.

A special object of the invention is to provide a pressure-insen-

- 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. -
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
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-

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
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insensitivity of the cell is achieved, while at the same time the thick-
ness of the plates is limited and the spacers are not visible to the
naked eye.
According to the mventlon, it is possible to prowde a liquid crys-
tal cell implemented as a display, an antiglare device, welder's goggles
etc., with an extreme and surprisingly high improvement of the

 mechanical rigidity and shock-resistance as compared with the prior

art described above. For example, the invention can be implemented
as an STN display having a pressure resistance which is more than
100 times higher than that of today’s displays and which basically
means that the display can be designed so as to behave as a com-
pletely solid body upon mechanical influence, until it is broken in
caseltxsmadeofglass .

The invention is based on the insight that several conditions -
must be satisfied at the same time to achieve the objects stated above,
and that it is possible, by a suitable choice of design parameters, to -
achieve these conditions simultaneously, especially also for very thin
liquid crystal layers and by using very thin plates.

' In connection with the conception of the present invention, the
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

‘are equally unportant
(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.
(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-
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:
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wherein

h  represents the height of the spacers,

Ah represents the change of the spacer height,

P represents an external pressure on a first plate of the cell,

E represents the modulus of elasticity of the spacers, and

s  represents the degree of surface coverage of the spacers on the
first plate,

4

Ad PL Ad

(2) — e Cins
d 4gp3q d

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,

o

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
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
small as desired if the thickness b of the plate is selected to be suf-



WO 96/18130 PCT/SE95/01469

10

15

20

25

30

35

8
ficiently large. In other words, the problem is to provide a pressure-
insensitive display having sufficiently small supporting points and a
sufficiently small plate thickness. In actual fact, these secondary con-
ditions are highly limitative of the permissible limits for the other
design 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%
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
100 pm x 100 um 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
upper limit, beyond which it is poss1ble to discern inhomogeneities in
the dxsplaymth the naked eye. In actual fact, this hmlt of 50 um
agrees with a oommon upper standard Iumt 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-
tion can be placed in these interspaces outstde 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-
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-

responding to the liquid crystal and a transparent covering plate.

As to the secondary condition relatmg to the plate thlckness,
the invention makes use of a hquxd crystal cell in which at least one _
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plate (which should withstand external pressure) has a thickness not
exceeding 1 mm, which is a reasonable value for the upper limit for
any commercial glass intended for LCD purposes. For greater glass
thicknesses, such as a 3-mm thickness as in the above-mentioned
US-A-4,150,878, it is also impossible to achieve a sufficiently high
accuracy of the crystal layer thickness, since the glass cannot be
deformed sufficiently to ensure good engagement.

As mentioned above, it is possible with the invention to achieve
an extreme improvement of the mechanical rigidity as compared with

‘known displays. That this improvement is not marginal but quite sen-

sational can be explained not least with reference to formula (2)
above, from which it appears that the maximum relative deflection
Ad/d between the spacers follows a functional relation having the
form L4b-3. The L4 dependence is represented by a curve which is
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
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
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 .
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
that are so thin that even normal handling would make them shock-
sensitive if they were designed in a conventional fashion.
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A reasonable. upper limit for the apphed external pressure P can
be set at 50 atm (~ 50*105N/m?2), corresponding to a weight of 50 kg

- on.1 cm2. When tested, liquid crystal displays produced accordingto ~~ -

the invention have been found to withstand this and even higher pres-
sures, without exhibiting any- altered optical or mechanical properties.
As stated above, the maximum relative deformation of the Crys- "~
tal layer thickness must not exceed 2% in TN and STN cells. Assum- -
ing that P=50 atm and E=5*105N/m? (varying only slightly-for diffe-

-, rent glass types), it is found from (1) that a degree of surface coverage
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corresponding value of the degree of surface -coverage s for the spacers

. permissible value according to formula: (1) and therefore obviously is
- completely unacceptable if the cell is to be cons1dered shock-resistant

s>P/(1%"E)=1% is requlred to avoid excessive compressxon of the
spacers. — o _
~ Asa comparison to thls m:mmum value of 1% for the degree of

surface coverage s, we will find, e.g. for a display having a linear pixel
width L=300 um, a plate thickness b=1 mm and rectangular spacers _'
having a width AL=50 um, a degree of surface coverage -
5=(50/300)2=2.8%, guaranteeing that the compression of the spacers
lies within the penmss_xbl* limit 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
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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clock displays. In such a display, it is an aim at present to have up to
20 pixels per mm. If, according to the invention, one chooses

L=50 um and AL=10 um (width of the spacers), a degree of surface
coverage s=(10/50)2=4% is obtained, which is well above the per-
missible limit values. If at the same time one chooses a plate thick-

“ness b that is as small as 0.1 mm, a deflection Ad equal to 10~4 um is

obtained at 50 atm , which satisfies (2) extremely well.
As mentioned by way of introduction, smectic displays (FLC or

- AFLC) have a totally different mechanism which limits the permissible

deformation as compared with TN and STN displays. The optically
permissible deformation is at least 5 times greater than in the STN
case, but the mechanical one is about 10 times less. This latter defor-
mation thus becomes decisive. From a calculation based on a simpli-
fied model which overrates the sensitivity of the smectic cell because
no regard is paid to relaxation and flow, and in which the deflection is
described as a spherical cap having a surface radius R, it is found
that the smectic liquid crystal layers should be deformed irreversibly
for Ad/d=4d/R. For R=0.5-1 cm, corresponding approximately to
thumb pressure, and d=2 um, corresponding to the thinner layer
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-
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
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
illustrating the deflection upon application of an external pressure.
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Fig. 2 is a diagram which illustrates, for different types of
spacers, the relative compression of the spacers as a function of their
degree of surface coverage s. --

'Figs 3A and 3B are two schematic not-to-scale cross-sections of
a liquid crystal display according to one embodiment of the invention.

Fig. 4 is a top plan view of the display in Figs 3A and 3B.

Fig. 5 is a :schematic top plan view of an entire cell, also illu-
strating an example of the use of peripheral spacers.

Fig. 6 shows the principle of the use of elongate spacers.

Reference is now first made to the Table below, summarising
the results from expenments conducted, which confirm that the

. invention provides highly shock-resistant: liquid crystal cells. The sur-
face density s has been varied between about 0.1% and 4%, at the

same time as the values-of d, L and b have been such that condition -

' (2) has been satisfied in all cases. The liquid crystal layer thickness

has been selected to be d=5 um for STN and d=2um for FLC, and the
test pressure P has been of the order of 50 atm for STN cells and 10
atm for FLC cells. .

Tests Nos 8-1 1, conducted only for FLC dxsplays, will be dis-
cussed in more detail below. The elongate spacers used therein are
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.
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Test b L AL1*AL2 s
No  (mm) (um) _(um*um) (%)  Results
1 1 1000 32x32 0.1  Poor
2 1 500 20x20  0.16  Poor
3 1 320  25x25 0.6 Doubtful
4 1 500 40 x 40 0.7 Doubtful
5 1 300 50 x 50 2.8  Good
6 1 100 20 x 20 4 Good
7 1 100 ©  20x20 4 Good
8 1 500 = 40x100 1.6  Good
9 1 ‘500 40 x 250 4 Good
10 1 500  40x500 8 Good
11 1 . 500  20x500 4 Good

The tests in the above Example that satisfy both the condition of
s (i.e. condition (1)) and condition (2) have thus c_onﬁrmed'that a .
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

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
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

 molecules have a high pretilt angle at the surface. The first function,
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which applies to both nematic and smectic cells, is to guide the liquid
flow when filling the cell, such that the general direction of the
molecules is along the supporting lines. In a smectic cell, the smectic
layers will then form transversely of the supporting lines. The second
function, which applies to smectic cells, is to prevent transport of
material within the cell when applying electric fields. Accompanying
Fig. 6 shows, not-to-scale, the-principle and the arrangement of such
elongate spacers.

Fig. 1 schemaucally illustrates in cross-section a liquid crystal
cell loaded by an external pressure P and comprising two parallel
plates 1 and 2, hereinafter referred to as upper plate 1 and lower plate
2, respectively, which define an inner cavity C containing a liquid |
crystal layer. The thickness of the plate 1 is designated b and the _
unaffected thickness of the cavity C is designated d. Generally, the -
thickness of the second plate 2 may, according to the invention, be
equal to or optionally greater than the thickness of the first plate 1.

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
deflection of the upper plate 1 between the spacers 11 is designated A
d. L _ . . :

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.
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
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
subjected to the pressureP: = R
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ih for spherical spacers,
Y for cylindrical spacers, and
ah _ P -
5 _— for rectangular spacers.

From 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,
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
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
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
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.

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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-liquid crystal 3 to achieve an initial orientation thereof, The choice of

material and the orientation of polarisers and orienting layers are
known concepts to those skilled in the art and may, for example, be
produced as described in US-A-4,653,865. -

Fixed in the cavity between the plates 1, 2 are a plurality of
spacers 11, which in this design are produced by etching the lower
plate 2. The above-described parameter degree of surface coverage s
then corresponds to the quotient between the sum of the upper
engagement surfaces of the spacers 11 on the plaxe 1 and the entire
surface of the plate 1 over which the spacers 11 are distributed.

If the spacers 11 are placed between the electrode layers S, 6,
then at least one plate should have an insulating layer 13, for exam-
ple of silica.

- In the illustrated embodnnent special penpheral spacers 12 are
arranged in the peripheral portions of the display and are made by the
same technique as the central spacers 11. The peripheral spacers 12
(also illustrated in Fig. 5) have an elongate shape and orientation con-

 tributing to guide the liquid crystal flow during manufacture, with a

view to ensuring a uniform flow and avoxdmg onentatxonal defects in

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 .
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
long time after heating to room temperature.

 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 localise the void formation to areas outside the
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
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and their mutual spacing, respectively, as shown in Fig. 5. Such a
relatively larger distance between the peripheral spacers allows, like
the increased spacer height as mentioned above, the voids to have a
larger radius of curvature in the peripheral area as compared with the
central part of the distance, where the spacers are located closer to
each other. Moreover, considering that, to be formed, such voids
require a surface for nucleation, the greater width of the peripheral
spacers means that the gaps therebetween are delimited by relatively
larger surfaces, on which the nuclation thus tends to take place. An
increased spacer height in the peripheral area further contributes to
permit the radius of curvature of the voids to be greater than within
the 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.

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.

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
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
force also in other ways, for example by applying a bmder or any other
type of joint on the spacers.
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CLAIMS

: 1. A nematic hquid crystal cell, compnsmg two electrode-
equipped (5, 6) plates (1, 2) which are arranged at a predetenmned
distance from each other to define an inner cavity (C) and of which at
least a first plate (1) is transparent and has a thickness b which does
not exceed 1 mm, and a modulus of elasticity E; a liquid crystal layer
(3) sealed in said cavity and containing nematic material and having a
thickness d corresponding to the height of the cavity; and spacers (11)
fixed in said cavity and having a height h corresponding to the thick-
ness d of said layer, said spacers being distributed over the cavity -
with a spacing L and having substantially the same modulus of elasti-
city Eas said first plate, characteris ed inthat the '
spacers (11), at least in one direction, have a width 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

maximum relative deflection Ad/d, caused by said pressure P, of said
first plate between the spacers satisfies the following condition:

ad it

-~ <61 - (A)
d 4Epdd- o

where G1 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%:

® & =



wOo9618130 o o * PCT/SE9S/01469

10

15

20

25

30

35

2. A nematic liquid crystal cell as claimed in claim 1,
characterised in that said upper deformation limit Gl is
equal to or less than 2%, preferably 1%. |

3. A nematic liquid crystal cell as claimed in claim 1 or 2,

‘characterised in that the liquid crystal layer (3) has STN

structure. N
4. A nematic liquid crystal cell as claimed in claim 3,

"characterised inthat said STN structure has a twist

angle exceeding 200°.

5. A nematic liquid crystal cell as claimed in any one of claims
144, characterised in that the height h of the spacers
(11) is in the range of 0.5-20 pum, preferably 1-10 pm.

6. A smectic liquid crystal cell, comprising two electrode-
eqmpped (5, 6) plates (1, 2) which are arranged ata predetenmned
distance from each other to define an inner cavity (C) and of which at
least a first plate (1) is transparent and has a thickness b not exceed-
ing 1 mm, and a modulus of elasticity E; a liquid crystal layer (3) seal-
ed in said cavity and containing smectic material and having a thick-
ness d corresponding to the height of said cavity; and spacers (11)
which are fixed in said cavity and the height h of which corresponds
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

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
pressure P, of said first plate between said distances satisfies the
following condition: | :

ad _ pt
d 4Eb3d

=2 (A)

-~

where G2 is equal to the value of the foliowing_expression (B), repre-
senting a relative compression of said spacers caused by said pres-
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sure P, fora case where the degree of surface coverage s assumes its
minimum value of 2%:

a_p "

h sE

7. Asmecticliquidcrystalcellasclaxmedmela:mﬁ' char-
acterised mthat saud upper deformation limit G2 is equal to

" or less than 0.1%.

8. A smectic liquid crystal cell as claimed in claim 6 or 7,
characterised mthatthehquxdcrystallayer(S) contains

" a ferroelectric liquid crystal (FLC).

9. A smectic liquid crystal cell as claimed in claim 6 or 7,
characterised mthatthchqmdcrystallayer[3) contains
an antlferroelectnc liquid crystal (AFLC). =

- 10. A smectic liquid crystal cell as claimed in any one of claims-
69, characterised inthattheheighthofthespacers
(11) is in the range of 0. 5-20 um, prcferably 1-2 pm. '

11. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthatthedegréeofsurface
coverage s by the supportmg areas of the spacers (11) on the first
plate is 2-4%,

12. A liquid crystal cell as clanned in any one of the preceding
claims, characterised mthaxatleasttheﬁrstglassplate
(1), preferably both plates ( 1 2), has a thickness b not exceedmg 0.5
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. Ahquldcxystalcenasclmmedmclaxm 13, charac-
teris e d in that a negative pressure 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.

16. A liquid crystal cell as claimed in any one of the preceding
claims, ¢ h a racterised inthatatleast some of the
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spacers (11), which in one direction have a width not exceeding
50 um, have a substantially larger extent transversely of said direction
to form elongate spacers.

17. A liquid crystal cell as claimed in any one of the preceding
claims, characterised inthat the liquid crystal cell, 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
(12} arranged in spaced-apart relationship in the periphery of the cell

- and having a transverse extent which is substantially larger than that

of the first-mentioned spacers (11) in the active area of the cell.

18. A liquid crystal cell as claimed in any one of the preceding
claims, characterised in that the liquid crystal cell, 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
(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
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.

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
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.



