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LIQUID CRYSTAL DISPLAY DEVICE

This invention relates to liquid crystal devices, and
more particularly to liquid crystal devices capable of

keeping a definite distance between transparent electrodes

thereof.

IECHNOLOGICAL BACKGROUND
Liquid crystal display devices areé being used widely as
display device in clock, computer, wall television and the
like. The liquid display device is a display device using a

liquid crystal, the molecular arrangement of which changes

when only a slight voltage is applied tﬁereto; thereby

varying the direction of polarizatioh;-and the display device

usually ‘comprises two electrodes and a liquid crystal layer

“held between saidielectrodes.-

In the liduid'CrYstal dispiay device of the type
mentioned above, it 'is desxrable that the d1stance between
the electrodes, that is, a cell gap, is uniform

If the cell gap formed in liquid crystal dlsplay device

mentloned above is not uniform,  the electric fleld applied to

~the liquid crystal layer comes to have partla} irregularity
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in strength. On that account,';he contrast ratio of the

image formed on the display device varies depending on the

" spot, whereby irregular density afe formed in the image, or

alternatively irregulai color 6f'the image happens when said

image is formed by such a display systqﬁ as STN. Further,

 the response speed of liquid crystal to an input signal

varies regularly according to the.cell gap and strength of
the electric field, but if the cell gap is not uniform, said
response speed varies irreqularly, failing to give clear
images.

For that_reason; it was a common-practice in the field
of liquid crysfal display devices to form a uniform liquid
crystal layer between a pair of eleetrodes in a liquid
crystal device by charging a liquid crys;al into a space
betﬁeen.a pair of electrodes wherein a particulate spacer
composed of an insulator is:lying. |

For example, Japanese Patent L-O-P Publn. No. 78227/1989
proposes that the use as the above—mentioned spacer of

i

spherlcal particles having a standard deviation of not more
than 0.3 Hm dispersed between a palr of electrodes in order-
to prevent discoloration from displayed image.

ngther, Japanese Patent L-0-P Publn. No. 269933/1987
discloses the use as a sﬁacer for a liquie crystal display

panel of silica particles having a coefficient of variation '

_(CV value) of not more than 10.0%, said CV value indicating



10

15

20

25

-
This Sheet Has Been R

e

uniformity'oflparticle diameter of said silica particles, and
in the example of said patent publication, there are used
silica particles having a CV value of 8%.

When spacer particles having such standard deviation and
CV value as defined in the cited publications meutioned above
are used in liquid crystal display devices of the ordinary
type, it is poesible to prevent displayed images from
irregular_density or irreguglar coler to a certain extent
without;relying upon the length of the cell gap. However, in
the case df a liquid crystal display device using such a.

liquid crystal as a ferroelectric liquid crystal and having a

'small cell gap such'as 1 to 2 pum, the cell gap to be adoﬁted

therein is required to be smaller in gap'irregularity.
Further, in the case of a liquid crystal display device using
STN liquid crystal, if the cell gap is large in length, a
specific interference color is unobtainable, resulting in
displaying irregularities, hence the cell gap adopted therein
is required to be uniform all the more.

Extensive researches conducted by the present inventors
with the view of obtaining liquid crystal display devices
free from displaying irregularities have resulted in the
finding that such excellent liquid crystal display devices as
aimed at above are unobtainable by the use_of spherical
particles merely having a small CV value mentioned_abqve as

the spacer for liquid crystal display -cell.
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That is, it has been found that ‘even when the spherical

particles used have a CV value of not more than 10.0%, if the

. . ..
proportion of aggregated particles becomes large,

irregularities ef the cell gap'teke place and, at the same

time, cold bubbles are formed.

By cold bubbles as used herein are meant air bubble-like .

matters formed in the cell”gap in the following manner.

" That is, when a 1iqhid display device is exposed to a
temperature below the freezing point,'space portions are
formed between the transparent electrodes and substrates,
because the contraction of the substrates supportlng the
transparent electrodes is smaller than that of the liquid
crystal sandwiched between a pair of transparent electrodes,

and consequently these space portlons become low—temperature

air bubbles when the 11qu1d crystal display device is kept at

room temperature. _
The present invention is intended to solve suCh problems

associated with'the prior art as mentioned above, and an

object of the invention is to prbvide liquid crystal display

devices_in which irregular density and irregular color of the

'displayed images are inhibited_essuredly all the more and,

moreover, no cold bubbies occur.
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The liquid crystal display devices of the p#esent
invention comprising a pair of transparent substrates haying
formed'thereon a transparent electrode,_said transparent
substrates ﬁeing arranged so that said transparent electrodes
may be oppésite to-each other through a spacer interposéd
between said ﬁransparent electrodes, are characterized in
that the spacer is composed of spherical particles having a
coefficient of variation (CV value) in particle diameter of
not more than 2% and an aggfegation ratio of n&t more than

5%.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a sectional view showing schematically a
liquid crystal display cell of the liquid crystal display

device of the present invention.

PREFERRED EMBODIMENT OF THE INVENTION

The liquid crystal display devices of the present

.1nvent10n are 1llustrated below in deta11

In the liquid crystal display cell of the llquld crystal
display devices of the invention, for examp;e, as shown in
Fig. 1, a pair_of substrates 2 each having thereon a
transparent electrode 2a are arranged so that the transparent

electrodes 2 may be opposed to each other through_spherical

particles 1 interposed between'said-transparent electrodes 2.
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This transparent electrode 2 may be provided on its surface

. with an alignment film 2b. Further, a sealing resin 2c may

be provided on the peripheral portidns of the transparent
substrates 2, ahd a liquid crystal 2d is sealed up inside the
cell surrounded by the sealing resin 2c. |

According to the irnvention, a plurality of spherical
particles 1 having the folloﬁing characteristics are
dispersed in the liquid crystal Zd_thus sealed up. Such
spherical particles may also bé dispersed in the sealing
resin 2c.

The spherical particles used in the invention as the
spacer for liquid crystal display cell in the manner as
mentioned above have a coefficient of variation in particle
diameter (CV value) of noﬁ more than é%, preferably not more
than 1.5% and an aggregation ratio of not more than 5%
preferably not more than 3%.

The CV value as mentioned above may be calculated, for

‘example, on the basis of the following equation aftef_

obtaining an average particle diameter D and a standard

deviation 8 of the spherical.particles by analyzing an

enlarged photographic image'of said spherical particles by an
elegtron microscope using an image analyzer.
v = (8/D) x 100
The aggregation ratio may be calculated, for example, on

the basis of the following equation after counting the number
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n of aggregated particle comprising at least two particles

joined together énd the number N of all particles in the

.pgedetermined zone of an enlarged photographic image of the

spherical particies by méans of an electron microscope.
.Aggregation ratio = (n/Nf x 100

The spherical particles having such a specific CV value
and agéregation.ratio as defined'above may be obtained, for
example, by prepafing spherical particlés'acco:ding to the
follbwin§ procedure. In cases where thé spherical particleé
thus obtained have a CV value and an aggregation ratio
exceeding:thbse-és defined .above, said spherical particles
are subjecﬁed to eiiminatibn'of aggregated particles or
adjustment of particle size distribution by means of

centrifugal separation, sedimental separation or

classification using a sieve, whereby desired spherical

. particles are obtained.

(1} A procédure wherein a metal alkoxide is hydrquzed
in a water/alcohol dispersion of a metal oxide or metal
hydroxide as a éeed particle, whiie keeping said dispersioh
under alkaline conditions, and the ﬁydrolyzate:of the metal
alkoxide is allowed to déposit on the seed particle presgnt
in the dispersion, thereby effecting the growth of the seed
particlé (Japanese Patent L-O-P Publn. No. 275005/1987).

'(2) A procedufe wherein the éarticles grown by the

procedure (1) are separated from the dispérsion containing
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the same.and the separated particles are heat treated at a
temperatﬁre of at least 250°C to obtain black particles
(Japanese Patent L-O-P Publn. No. 89408/1988) .

| (3) A procedure wherein tetraethpxysiléne is hydrolyzed
in a water/organic solvent dispersion of a metal oxide or
metal hydroxide as a seed particle in-the presence §f
alkoxysilane represepted by the following formula

(CH30)pn . (C2H50)4-n . Si N ¢ 3

wherein n is 1 to 4, and the hydrolyzate of the .

tetraethoxysilane is allowed. to deposit on the seed particle

' present in the_dispersion, thereby effecting the growth of

the seed particle (Japanese Patent Appln. No. 310023/1989) .
When épherical particies are ‘intended to prepare by this
procedure, it is preferable to use alkoxysilane of the

fo;mula {I] in ah amount, based on 1 mole of the

tetraethoxysilane, of 0.05 x 1072 to 6.0 x 1072 mole (in terms

of Si03).

(4) A proéeduré wherein tetraalkoxysilane and a silicic
acid solution.are added to a water/organic soivent dispersion
of a metal oxide or metal hydfoxide as a- seed particle, and
the resulting hydrolyzate of the tetraalkoxysilane and the
resulting silicic acid polymerizate are aliowed to deposit on
the seed particie, thereby effecting the growth of the seed

particle (Japanese Patent Appln. No. 122403/1990).

i
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(5) A procedure wherein to a water/alcohol dispersion
of a metal oxide or metal hydroxide as a seed particle is
added an alkoxide of a metal different from the metal
contained in the seed particle or a mixture comprising at
least two metal alkoxides, at least one of said metal
alkoxides containing a metal different from that of the seed
particle, and the resulting hydrolyzate ¢f the metal alkoxide
is allowed to dep031t on the seed particle to form thereon
metal oxlde layers different in refractlve index.
Subsequently, if necessary, spherlcal particles each coated
with the above—mentioned metal okide layers are used as a
seed particle; and the same procednre as above is repeated to
coat the seed particle with other metal oxide.layers
(Japanese Patent Appln. No. 80155/1§90).

The'spherical particles obtained by the procedure (1),
2y, (3), (4)'or (Sl_mentioned abeve may be used after
coating them on the surface with a synthetic resin. The

synthetic resin used in this case includes preferably those

"which will not prevent orientation of the liquid crystal

used, and such resins may. contain a.coupling agent or
surfactant for -improving adhesien of the resin to the.
particle.

.Such‘synthetic resins may be coated.on the surface of
the spnerical particles by the method known, per se.

Further, as described in Japanese Patent L-0O-P Publn. No.

l. | t . mxn‘
“\\i‘\ii\\\\\\\\\\\\\\\\\\\
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94224/1988, particulate synthetic resin having a particle

diameter d of not more than D/5 (wherein D is a particle

diameter of the spherical particles) may be allowed to adhere

to the surface'of the spherical particles. By appiying an

'impact force to the particles adhered with-;he particulate

synthetic resin by the above procedure, at least a part of

the particuléte synthetic resin may be fixed to the particle

. by fusion along with connecting the particles to each other.

It is also possible to blacken_the sphelical ﬁarticles

obtained by the procedure (3), (4) or (5) by adopting the

.- same procedure with the procedure (2).
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25

The- spherical particleé thus subjectéd to the blackening
treatment as mentiéned above may be used as a seed particle
to obtain black spherical particles.

The procedure (3) mentioned above may be illustrated
more in detail herein after. |

In this procedure, a water/organic solvent dispersion of

. a seed particles is used. The organic solvent used as a

dispersion medium is not limited only to alcohol but may be
organic solvents having good miscibiliﬁy with water and

alcohol and also with alkoxysilane, or may be mixed solvents

- of such an organic solvent and alcohol.

The organic splvénts exhibiting such properties as
mentioned ébove include glycols Sﬁch as ethylene glycol,
esters such as ethyl acetate, and ketbnes such as methyl -
ethyl ketone. |
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In the procedure (3), tetraethoxysilané is hydrolyzed in
the seed particle dispersion maintained under alkaline
conditions, and the seed particle is allowed to grow by
depositing the reSultihg hydrolyzate of tetraethoxysilane on
said seed particle.

At the time of hydroly51s of thlS tetraethoxy31lane, one

or two or more of methoxys11anes_represented by the following

formula [I] are allowed to coexist with said
tetraethoxysilane.

(CH30) . (C2H50) 4-n.Si ... [I)

.wherein n is 1 to 4.

The methoxysilanes used herein are organosilicon

compounds repfesented by the above-mentioned formula [I]

'including.condretely monomethoxytriethoxysilane,

. dimethoxydiethoxysilane, trimethéxymonoethoxysilané and

tetramethoxyéilane.

The above-exemplified mefhostilanes may be mixed in

~advance with tetraethoxysilane and the mixture is added to

the seed partiéle dispersion, or said methoxysilanes may be

added to the seed particle dispersion simultanebusly with
said tetraethdxysilane. The methpxysilanes'are desirably

used in an amount (in terms of SiO2) of 0.05 x 10~2 to 6.0 x

10~2 mole, preferably 0.1 x 10~2 to 5.0 x 10-2 mole based on 1

mole of the tetraethoxysilane.

is Sheet Has Been Replaced
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If the amount of the methoxysilanes_osed-ie less'than
0.05 x 1072 mole based on 1 mole of the tetraerhoxysilane, the
addition effect of methoxysilanes is scarecely.observed and
seed particles newly formed are observed sometimes. On the
other hand, if the amount of the methoxysilanes used exceeds
6.0 x 10-2 mole based on 1 mole of the tetraethoxysilaoe, the
hydrolysis of the tetraethoxysilane is accelerated
excessively, and prior to the deposition of the reeulting
hydrolyzates of the tetraethoxysilane on the seed particles,
said hydrolyzates come sometimes to form together new.seed
particles.

The methoxysilanes added to the reaction system are
hydrolyzed simultaneously with the tetraethoxysilane, and the
resultlng hydrolyzate is dep051ted onto the seed particle.

In the procedure ment ioned above, the-tetraethoxy31lane
is usually added continuously to the seed particle dispersion
at a predetermined rate, but portions of a predetermined
amount of Said'tetraethoxysilane may be added intermittently.

| When the tetraethoxysilane is added to the seed particle
dispersion, the diSpersion varies in pH, owing to hydrolysis
of said tetraethoxysilane. It is not desirable that this
dispersion comes not to indicate alkalinity, because the seed
particles aggregate or new seed particles are formed in some
cases and the particles obtalned eventually beccme broad_in

particle size distribution. On that account, the

This Sheet Has Been Rep
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tetraethoxysilane is added to the seed particle dispersion
maintained in such a manner as to maintain the pH of the

dispersion in the range of from 10 to 13. The dispersion may

‘be maintained under the alkaline condition by the a@dition of

alkali thereto, and the alkali used herein includes
concretely ammonia gas, ammonia water, amines; alkali metal
hydroxides and quaternary ammonium salts, either singly 6r in
combination.

The temperature at which the hydrolysis §f
tetraethoxysilane is conducted is not particulariy limited,
but if said temperature emﬁloyed is higher'tyan the boiling
point of water or alcohol,.it is desirable that the seed
particle dispersion is haintainéd under pressure so as to be
kept in a llquld state.

In dep031t1ng the resultlng hydrolyzate of the
tetraethoxysilane dnto the seed particle, it is desirable
that the'conéentration of the alcohol in the reactiqn system

is maintained at 35 to 97% by weight. If the alcohol

. concentration is less than 35% by weight, the seed particle '

dispersion becomes poor in'misqibility with the
tetraethoxysilane to be added thereto ah@ is emulsified;
whereby the seéd particles aggregate or particles of not
spherical but of an indeterminate form afé ligble to form.
On the other hand, if the alcohol cohcentration is in excess.

of 97% by weight, the hydrolysis of the tetraethoxysilane

/
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tends to retard excessively. The alcohol concentration in
the reaction system may be adjusted by addition to the
reaction system of water and alcohol together with the

tetraethoxysilane, and the preferablg amoﬁnt, based on 1 mole

of the tetraethoxysilane, of alcohol added is not mdre than

10 moles énd that of water added is 2.0 to 24.0 moleé.

The procedure (4) as mentioned before is illustrated

below in more detail.

In this procedure, a water/organié solvent dispersiph qf
seed particles is used. The dispersion medium used herein is
not limited only to alcohol, but.may be organic solvents
having good miscibility with watef and alcohol and also with
tetraalkoxysilané and silicic acid solution, or mixed
solvents comprising such organic solvents and alcohol.

The seed particle concentratioh in the seed particle
dispersion is desirably 0.05 to 20% by weight in terms of the
oxide. If the seed particle éoncentration as mentioned above
is less than 0.05% by weight, new seed particles are formed
in the step of growing the seeq.particles as will be
mentioned later. in some cases and-the'silica particles
6btained eventually are liable to have irregula; particle

diémeters. On the other hand, if the seed particle

concentration exceeds 20% by weight, the particles tend to

aggregate during the step of particle growth and the

particles thus.aggregated'come to exert an adverse influence

This Sheet Has Been Replaced

il



™

10

15

20

25

This Sheet Has Been Replaced

T

upon uniformity of particle diameter of the particles aimed"

15

at.

The tetraalkoxysilane and.silicic acid solution are
added to such a seed'particle dispersion as mentioned above,
while maintaining said disbersion under the alkaline
condition. | |

The tetraalkoxysilane used herein may be represented by

the general formula Si(OR)4 wherein R is alkyl of 1-7 carbon

atoms,.prefe:ably 1-4 carbon atoms. Such tetraalkoxysilane
as mentioned above includes concéetely teﬁramethostilane
(methyl silicate), tetraethoxysilane (ethyl silicéte),
tetraisdpropoxysilane, tetrabutoxysilane, etc.

The tetraalkoxysilanes may be used, as they are, or
after dilution with alcohol, etc.

The silicic acid solution used herein is an aqueous
solution of -a low polymerizate of siiicic acid, which is -
obtained b§ subjecting an aqueous'solutiqn of alkali siliéate
such as sodium silicate to dealkalization treatment with a .
cation exchange resin.

The silicic acid solution used preferably includes those
having .the silicic acid COncentration'in terms of S$i0Oz of
about 0.1 to 10% by weight.

The tetraalkoxysilane and silicic acid solution as
mentioned above may be added to the above-mentioned seed

particle dispersion by any of such processes as (a) the
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tetraalkoxysilane and silicic acid solution are added
simultaneously to the dispersion, (b) these two compounds are
added alternately over a several times, and (c) the
tetraalkoxysiléqe.is added alone first to the seed particle
dispersioﬂ, whereby the seedlparticles are allowed to grow,
and the silicic acid solution is added last of all.

of the'processes illustratea above, the process (b)
relying on the alternating addition is préfgrred, and by the
use o§ this process (b), it becomes possible to stabilize the

dispersion and the resulting pérticles.

'In'practicing the process (b), the amount of the

tetraalkoxysilane or the silicic acid solution used at each

alternating addition step is not particularly' limited, but

© any appropriate amount may be used altefnately.

In the present invention, it is preferable that the
outermost layer of the silica particlés.obtained ultimately
is formed from a polymerizate of silicic acid._ Accordingly,
it is preferable to use the silicic acid solution at the
final étage,of the addition. )

The addition to the seed'pafticle dispersion of the
tetraalkoxysilane and silicic acid solution in the manner .as
illustfated abové brings about hydrolysis\reaction of the
tetraalkoxysilane and polymefization reaction 6f the silicic
acid, and the reaction products resulting therefrom deposit

on the seed ﬁarticles which then grow in particle diameter.
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Further, when the pH of the reaction system decreases and:
approaches neﬁtrality,.not only the resulting seeds tend to
aggregate but also new seed particles are liable to form,
hence the silica'particleé.obtained ultimately tend to be
irregular in particle diameter. On that égcount, when the
tetréalkbxysilane and silicic acid solution are added to fhe
seed particle dispersion, it is-preferable:to maintain thel
dispe?sion at the pH range of 9 to 14, pfeferably from 10 to
13. IF-is preferable that the:pH of the dispersiéon does not
undergb'fluctuation, if possible, within the above-mentioned
rahgé. o |

The dispersion may be.maintained under the alkaline
coﬁdition by the addition to the reaction system of alkali,
and concretely by the use of ammonia gas; ammonia watér,
amines, alkali metal hYdroxides, quaternary amﬁonium salts,
etc., either singly or in combination. |

The temperature of the reaction system to be employed in

the course of particle growth is not particulérly'limited,

.but if a temperature above the boiling point of water or

alcohol is employed at that time, it is desirable that the

seed particle dispersion is maintained under pressure so as
to be kept ﬁn a'liquid.stafe. |

In the above-mentioned process, it is preferable that
the alcohol concentration in the reaction system is 35 to 97%

by weight{ When the alcohol concentration employed: is less
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than 35% by weight, the alcohol decreases in miscibility with

the tetraalkoxysilane, whereby the seed particle dispersion

tends to undergo emulsification and the seed particles

aggregate or tends to fo;m particles of pot spherical but of
an indeterminate form are 1iabie to form. On the othgr hand,
if the alcohol concentration is in excess of 97%, the
hydrolysis of the tetraalkoxysilane tends to retard
excessively.

Tpe alcohol éoncentration in the reaction system may be
adjusted by the addition to said system of water and alcohol.
In that case, it is desirable that the gmount, based on 1
mole of the tetraalkoxysilane (in terms of Si0O3), of water is

2.0 to 24.0 moles and that of the alcohol .is 0.4 to 1.1

~ moles.

The silica particles obtained by adding the
tetraalkoxysilane and silicic acid'solption t6 the seed
péfticle dispersion in the manner now described are composed
of a metal oxide or metal hydroxide as a core, a hydrolyzate
of the tetraalkoxysilahe and a polymerizate of the silicic
acid., Thislsilica particle may héve such a structure thét a
mixture-of the abové—mentiéned-hydrolyzaté and polymerizate
is deposited as a layer onto the core so as to be coated
thereon, a layer of said hydrolyzate and that of said
polymeriiate are depoéited alternately on the core, or the

core coated with a layer of said hydrolyzate is coated with a
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layer of said polymerizate as the outermost layer. In any of

the structures mentioned above, it is desirable that the

outermost'layer of the particle is a layer composed of the
polymerizate of silicic acid.

The silica particles as mentioned above are sphérical,
have a sharﬁ particle size distribution, and are
monodispersed in the dispersion medium without being
aggregated. BAccording to the processes mentioned above,.
there yay be obtained silica partiéles hav;ng any desireg
particle diameter such as those having a small particle
diameter of about 0.01 Hm or a large particle diameter of at
léast 1d'um. The concéntration in the dispersant of the
silica particlés.can be increased to such a high
concentration as about 20.0% by weight of in tgrms of SiO2z,
thus this concentration is markedly higher than that obtained
in thé prior art érocesses; Accordingly, it is possible to
increase the production éfficiency of the silica particles
and also diminish the production cost. |

Thé dispe;sion having monodispersed therein the silica
particles obtained by the.above-menfioned processés accbrding
to the present invéntion'may be concentrated to increase
further its particle concentration up to about 60.0% by
weight. *

By the addition of such a stabilizer as alkali to the

dispersion having monodispersed thereih the spherical silica
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particles by the present processes mentioned aone, a higher
stability of said sphericai particles in the dispersion can
be obtained, thus the particles in the dispersion will not
aggregate for a.long period of time owing to such aging as
mentioﬁed above. It is also possible to substitute~t£e
alcohol contained in the dispersion ﬁitﬁ another organic
éolvent. |

In the afotementioned proqedufe (5, hydrolysislof é
metal glkoxide contained in the seed particle dispersion is
carried out under the same conditions as in the
aforementioned procedure (1), (3) or (4). The particles
qbtained by this proéedure (5) are composed.of a seed
particle as a core and thereon a lamination layer of a metai
oxide different in kind of metal or in gomposition, that is,
a metal oxide layer different in refractive.index from the
core. .Further, on this metal oxide layer there may bé
laminated concentrically one or two or more metal oxide
layers in succession.

In the particles having such a laminated structure as

comprising a single metal oxide layer or a plurality of metal

oxide layers on the seed particle, wﬁeh this single metal
oxide layer has a refractive index higher than that of the
seed particle or one metal oxide layer laminated on an
arbitrary metal oxide layer has a refractive index higher

than that of said arbitrary metal oxide layer, light which
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are incident upon the partieles undergo irregular reflection,
thereby reducing.theiamount of light passing_through the
particles. On that account, when the particles having such a
laminated structure as.mentioned above are used as the spacer
for a liquid crystal dispiay device, a contrast of the
displayed images can be further exalted. . Further, when the’

particles having such a laminated'structure used are black

spartiCles, darkness of the image qbtained by displaying a

positi_vé image becomes inconsp_icupus .

In the ligquid crystal display devices of the present
invention, the particles for spacer obtaiﬁed by the processes
according to the invention are'dispersed uniformly on a
transparent substrate for the conventional liquid crystal-
display deyice, for example, the transparent substrate
provided with a transparent electrode, an alignment f£ilm,
etc.

The particles for spacer may be dispersed uniformly on
the transparent substrate by a conventlonal method such as

atomizing a dlsper31on of the partlcles in a solvent such as

alcohol or spraylng the partlcles_together with a gas through

a spray nozzle over said transparent substrate.

EFFECT OF THE INVENTION
In the liquid crystal display devices of the present
invention comprising a liquid crystal potted between a pair
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of transparent electrodes each formed Sn a trahsparent
substrate, because of using, as a spacer, specific sphe¥ica1
particles havihg a CV value of not more than 2% and an
aggregatioh.ratio of not more than 5%, thére are bfought
about. such effects that'irregulai'density and irregular color
of the displayed images.can be preveqtéd more assuredly in
comparison with the prior art liquid crystal dispiaQ devices
aqd, moreover, formation of the cold bubbles formed between

cell q§ps of the liquid crystal display cell can be

.prevented,

Further, there can be obtained a liquid crystal display

devite capable of displaying images having a further improved

contrast when the above-mentioned spherical particles. used as

a spacer are those individually laminated with a metal oxide

layer different in refractive index from said spherical

particle.

The present invention is illustrated below with

rgference to examples, but it should be construed that the

invention is in no way limited to. those examples.
Example 1
E E Il E ]‘ ] ] l.] E
"In a mlxture compriSLng 3685.5. g of ethanol, 1365 g of
pure water and 921.5 g of 28% ammonla water was dlspersed 249

g of spherlcal silica having an average particle diameter of

5.0 pum (sphericél silica having CV: 1.4% and an aggregation



L]

10

15

20

\'

This Sheet Has Bee;

HllllllIlllIHIIHlHﬂl

ratio: 1.5% obtained by sepafating aggrega;ed par;icleé of
SHiNSHIKYU SW—S;O.produced and sold by CATALYSTS & CHEMICALS
IND. Co. by means of a centrifugal separator), énd 161-g.of
aﬁ aqueous solution containing 1% by weight of NaOH. The -
mixture thﬁs qbtained.was'subjected to ultrasonic wave
treatment to prepare a seed particle dispersion.

This seed particle dispersion was heated at 120°C in an

~autoclave and maintained_at'that temperature. To the

dispegsion kept in the autoclave was added first 4 g of a
silicic acid solution (SiO2 concentfation: 5.0% by weight)
obtained by dealkallzatlon of an agqueous sodium 51llcate
solution by means of a cation exchange re51n, and were then
added simultaneously 131.5 g of a mixed solution of
ethanol/water/ammonia (weight ratio: 1.0/0.3/0.1) and 21 g of
ethyl silicate (28% by weight in terms of Si02) . This

operation was repeated so that the outermost layer of the

silica particle obtained could be a layer composed of a

- polymerizate resulted from the silicic acid solution, thus

there were added in 5 hours 120.5 g of the silicic acid
solution, 3937.5 g of the mixed solution of
ethanol/water/ammonia as mentioned_aone and 625 g of the
ethyl silicate in all. To the migtu}e'thus obtained was
§dded 117 'g of an aqueous solutioﬁ containing 1% by weight_of

NaOH, whereby a dispersion  in which the silica particles had
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been dispersed was obtained by holding said mixture at 150°C
for 1 hour. | |
The particles were-separafed from this dispersion
contaihing the same, and éhe separated particles were dried
at 200°C to obtain the particles for spacer consisting of
powdery silica particles. .
B. Evaluation of particles for spacer

The particles for spacer thus obtained were measured for

average particle diameter, CV_value and aggregation ratio

thereof.

(1) Averége particle diametgr

The average particle diameter of the particles for
spacer was obtained by analyzing an enlarged photographic
image of said. particles for spacer by an glectron microéraph
with the use of an image analyier,
(2) CV value

The CV wvalue waé obtained from the average particle
diameter D obtained in (1) mentioned above and a standard
deviation 8 obtained by the same imagé analysis as in the
above-mentioned (1) on the basié of the following equation.

CV=(3/D) x 100

(3) Aggregation ratio

-The aggregation ratio_was calculated.on-ﬁhe basis of the

following equation after counting the number n of aggregated
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particles and the number N of the total particles present in
a given region of the above—mentioned photeraphic'image.
Aggregation ratio = ( n / N ) x 100

Results obtained-are shown in Table 1.

In 100 g of an epoxy resin for sealing was-dispersea lg
of the powdery silica particles obtained above to prepare an
ink compositien. The iﬁk composition thus obtained was
applied to the periphery of an alignment film of a laminate
having formed on a polished glass substrate for liquid
crystal display device a transparent electrode and an
alignment film by means of a screen printer to obtain a
substrate for ‘liquid crystal display'debice.

-Subsequently, a dispersion of 0.01 g of the above-
mentioned powdery silica particies in 1 liter of ethanol was
sprayed over a portien of the substrate for liquid crystal
display device otﬁer than the portion provided with the
above-mentioned seallng resin so that a dispersion den31ty of

said powdery silica particles could become about 2,500

pc./cm?. Thls substrate was then laminated with another

substrate for llquld crystal display device prepared in the
same manner as above at a temperature of about 150°C so that
the transparent electrodes of these substrates could face

each other and a load of about 0.2 g could be applied to one
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piece of the powdery silica particle, whereby 10 pieces of

cell for liquid .crystal display device Were'prepared.

Into the cell for liquid crystal display device thus

obtained was injected STN liquid crystal (a product of Merck) .

to obtain a liquid crystal display device.
D E ] ln E]- l’ I ] i.‘- ] l .
The liquid crystal display device thus obtained was

evaluated with respect to its cell gap, discoloration and

cold bubbles in the following manner.

(a) Cell gap
Using a film thickness meter (TM-005, manufactured and

sold by Canon Inc.). celi gaps of a plurality of spots'were

measured to obtain an avérage cell gap and a dispersion (3 5)
of cell gap.
(b) Discoloration

The presence of the discoloration of displayed images

was judged by visual observation.

(c) Cold bubble

. Ten (10) pieces of the cells'for-liqﬁid crystal display
device as prepared above was cooled and maintained at -30°C,
and the température was réised to ordinary temperature. The.
cells thus treated were visually observed to find and count
the number of cells in which the cold bpbples.formed was
found. | .

Results obtained are shown in Table 2.
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To.a. mixture comprising 487 g of ethanol, 256 g of 28%

Exanple 2

ammonia water and 205 g of pure water was added 17.5 g ef
ethyl silicate k28% by weight in terms of SiOz);with stirring
at 35°C. Thereafter,_the stirring was continued for .
additionallz'hours to obtain a seed perticle'dispersion
conteining siiica particles in an amount corresponding to
0.5% by weight in terms of.SiOZ. | |

To 974 g of the seed particle dispersion obtained above
was first added gradually 2 g of the same silicic ecid
solution (Si02 concentration: 5.0% by weight) -with stirring
at 356C as in Example'l, and Qas then added gradually 47 g ef
AA ethanol/wafer mixed solution (weight ratio 1.0/0.8)

simhltaneously with 10.5 g of ethyl silicate (28% by weight

in terms of Si0O2). In this case, the pH of the reaction

‘mixture was maintained at 11.5 by the addition of ammonia

gas.

The above—mentiened operation was repeated until the
predetermined amounts of the above-mentioned compounds were
added over a period of 19 hours so that the outermost layer
of the silica pa;ticle ceuld become a layer composed of a
polymerizate resulting from polymerization of the silicic
acid solution. The total amount of each compound thus added

included 117 g .of the silicic acid solution, 2698.5 g of the

"ethanol/water solution and 606 g of the ethyl silicate.
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After the completion of addition of the total  amount of
the compounds to the seed particle dispersién, 204 g'of‘an.
aqqeous.NaOH.solution (1 wt %) was added to the reaction
mixturé, and the resulting mixture was held fo; 2 hours at
70°C to obtain a dispersion in which silica particies were
monddispersed.

Subsequently, the silica particles were separated from
this dispersion, and the separated particles were dried at
200°C to obtain particles for spacer.

A llquld crystal display device was prepared by using
the spacer partlcles thus obtalned was then evaluated in the
same manner as in Example 1.

Example 3

To 974 g of the silica particle dispersion obtained in
Example 2. were added siﬁultaneously while maintaining at 65°C
over a period of 19 hours 1103 g of an ethanol/watgr/ammonia"
mixed solution - (weight ratio 1.0/2.5/0.2) and 627 g of ethyl
silicate (28% by weight in terms of SiO3). The resulting
dispeqsion_was then-maintained at 70°C for 2 hours. To this

dispersion was added at 70°C over a period of 6 hours 1263 g

of the silicic acid solution of Example 1, whereby a

monodisperse silica particle dispérsion was obtained..

Subsequently, the particles for spacer were prepared in the
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same manner as in Example 1, followed by the same evaluation
as in Example 1.
Comparative Example 1

In a mixed solution comprising 486.5 g of ethanol and

398 g of pure water was dissolved 71.7 g of ammonia gas with

_stirring at 35°C. To the resulting mixture was added 17.4 g

of ethyl silicate and stirred for 2 hours, to which was then
added 3.3 g of an aqueocus NaOH solution (l.wt %). The
mixture thus obtained was subjected to ultrasonic wave
treatment, whereby a seed particle dispersion'was obtained.

To 974 g of the thus obtained dispersion.was gradually

added with stirring at 35°C and controlling the pH to 11.5

with ammonia gas a mixed solution of 1508.6 g of ethanol and
3006.8 g of pure water simultaneously with 2268 g of ethyl
silicate over a period of 19 hours. To the resulting
disper31on was added 204 g of an aqueous NaOH solution (1 wt
%), and the'mixture was aged for 2 hours by heating at 70°C:
Subseduently, tol46.3 g of the dispersion obtained in

the manner as mentioned above were added a mixture of 1356 g
of ethanol and 3377 g of pure water, and 2874 g of ethyl
silicate and the resultant nigture'Was aged under the same
conditions as above.

_Particles separated from.this dispersion were dried at

200°C to obtain the powdery silica particles for spacer.

This Sheet Hag Been
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" The measurement of the thus obtained spacer particles
with respect to their average particle diameter, CV value and

aggregation ratio was conducted in the same manner as in

. Example 1.

Results obtained are shown in Table 1.
Further, the same liqpid_cryétal display device as in
Example 1 was prepared using as a spacer the poﬁdery silica

particles obtained above, which was then measured in the same

manner as in Example 1 with respect to its cell gap,

discoloration and cold bubbles;

Results obtained are shown in Table 2.

Table 1

Average oo -
particle " CV Aggregation
diameter - value _ ratio
- (jm) - (%) (%)
Example 1 6.10 - 1.4 ‘1,7
Example 2 1.00 1.8 0.2
Example 3 - 1.40 1.9 0.9
Comparative :
Example 1 6.02 2.2 17.2

..’! This Sheet I,

Wi
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'~ Table 2

Cell Dispersion Irregular Cold

gap color bubble

({m) {{m) - .
Example 1 5.87 0.04 None- 0
Example 2 0.98 0.04 None ' -0
Example 3  1.37 0.05 None 0
Comp.Ex.1 5.85 0.12 Slightly 4

' - observed
Exgmgl; 4
" A_Preparation of monodisperse silica particles
n V. i hereof

fo a mixed solution of 350.2 g of ethanol and 16.4 é 6f
tetraethoxysilane containing no methoxysilanes was added a
mixed solution of 350.2 g of éthanol,.78.0 g of 28% ammonia
water and 5.4 g of pure water,.and the resulting'mixture was

stirred for 2 hours to obtain a seed particle dispersion.

_During this operation,'the-temperature of the reaction

‘mixture was maintained at 15°C. The seed particles present

in the seed particle dispersion obtained had an average

particle diameter of 0.19 pm and a CV value of 0.5%, and the

'dispérsipn had-a solids concentration of 0.59% by weight

(calculated as SiO3).

To 800 g of the seed particle dispersion obtained above

was added a mixed solution comprising 842.5 g of
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tetraethoxy31lane B containing methoxysilanes as shown in
Table 3, 318 g of 28% ammonia water and 767 g of pure
water over a period of 19 hours while maintaining the
reaction mixture at 35°C.

Successively, to this reaction mixture was added a mixed
solution of 1403 g of ethanol, 477 g of 28% ammdnia water and
17 g of pure water, and thereafter to the resultin§ reaction
mixturé was added while mdaintaining at 35°C a mixed solution
comprising 1047 g of the'tetraethoxysilane—B, 494 g of
ethanol, 395 g of 28% ammonia water and 954 g of pure
water over a period of 19 hours.

Furthermore, to 4110 g of the silica particle dispersion
obtained above was édded a mixed_solutioﬁ of 976 g of
ethanol, 527 g of.28% ammonia water and 19 g .of pure water,
and thereafter to the résulting dispérsion was added while
maintaining'at 35°C a ﬁixture of 853 g of the
tetraethoxysilane-B, 403 g of ethanol, 322 g of 28% ammonia
waﬁer and 777 g of_pure water over a pexiod of 15 hours.

~ The monodispersed'si;ica pérticles present in the silica
particle dispersion thus obtained had such properties as
shown.in Table 4. |

The. average particle diameter of the monodispersed
silica particles was measured by means of .a particle size
measuring apparatus (CAPA-700, manufactﬁred_and sold.by

Horiba Seisaku-Sho K.K.).
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and evaluation thereof
Using the silica particles separated from the silica
particle dispersion obtained in the_above—mentioned manner as
a spacer, a liquid crystal display de&ice_was prepared by tﬁe
same manner as:in Example 1, and the display device thus

obtained was evaluated in the same manner as in Example 1

with respect to the cell gap, discoloration of the displayed

‘images and cold bubbles formed in the display section.

Results obtained are shown in Table 5.

Examples 5 and 6

A seed_particle dispersidh-was obtained in each example
by repeating Example 4 except that the tetraethoxysilane-a
was used in Eiample S and the tetraethgxysilane—B was used in
Example 6. |

Subsequently; monodisfersed silica particleS'were

obtained by repeating the same operation as in Example 4

except that the above-mentioned seed particle dispersion and

the_tetraetho#ysilane—B were used.

~Using the silica particles obtained above as a spacer,
1iqﬁid crystal display devices'were prepared by ﬁhe_same
manner as in Example 1, and the display devices thus obtained
were evaluated in the same manner as in Example 1 with
respect to the cell gap, discoloration of the displayed

images and cold bubbles formed in the display section.
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Results obtained.are shown in Table 5.

Table 3
5 : Tetréethcxysilane containing methoxysilanes
Methoxysilanes/ [CH30] . [C2H50) 4-n.Si

tetraethoxysilane Added amount (SiO3 mol%)

(mol/mol) n=4 3 2 1
10 A 3.71 x 1072 0 0 0.36 3.22
B 2.43 x 1072 0 0 0.24 2.14
Table 4
15
Average .
particle cv Aggregation
diameter value . ratio
([m) %) (%)
Example 4 2.42 0.6 1.0
Example 5 2.40 1.9 0.6
"Example 6 2.40 1.0 1.2
-

Sheet Has Been Replaced
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Table 5

Cell Dispersion Irregular Cold

gap . color bubble

(Hm) ({m)
Example 4 2.40 0.06 : None 0
Example 5  2.41 0.07 ‘None o 0
Example 6  2.39 0.05 None 0
Exam 7

ration i r r

To a mixed Solution of 487. g-of ethanol, 256 g of 28%
ammonia water and 205 g of pure water was added 17.4 g of
efhyl silicate (SiOz: 28% by-weight)'with stirring at 35°C,
and the stirring was then continued for 2 hours to obtain a
seed particle dispersioh (A) having dispersed in a
water/alcohol mixture the seed particles in an amount
corresponding to 0.5% by weight in terms of SiO,.

.To 971 g of the seed particle dispersion thus obfained_
were added SLmultaneously with stlrrlng at 359C a mlxed
solution of 57 g of ethanol 44 g of 28% ammonia water and 83
g of pure water, and 418 g of bisacetylacetonato-diisopropoxy
titanium (TiO2: 10% by weight) over a period of 6 hours.

| The resulting dispersion was then heatéd aﬁ 70°C and

held at that temperature to bbtéin'a dispersion containing

particles each formed by laminating SiO2 particle as a core
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with a TiO2 layer. The dispersion thus obtained was then

36

dried at a temperature of 110°C to obtain white powders.

Further, the white powders thus obtained were heated in -
an atmosphere of air at 200°C for 3 hours to obtain white
spherical spacer particles.

Following the same procedufe as described in Example 1,
the average particle diameter and CV value of the spherical
spacer particle thus obtained were obtained. |

Further, the light coveragé of the above-mentioned
spherical spacer particles was.obtained in the following
manner.,

- That is, the spheripal spacer particles are thoroughly
dispersed in an ééueous solution of 40% by weight of glycerél
to obtain a diépersion haviné the conéentration of 1% by

weight of the partiéles. The thus obtained dispersion is

_placed into a quartz cell for measuring transmittance,

wherein the thickness of the tranémitting.layer is 0.5 mm, to
méasure a transmittance T; by means of a haze computer.
. The 6ptical absorbance Ii cbrrgsponding to the
transmittance T3 is given by the formula Iy = log(1l/T3)
Because optical absorbance is propértional to pafticle
concentration, the absorbance of the particles having the

particle concentration oflloo%, that is, the absorbance Iigg¢
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of the particles theﬁselves, is calculated on ;he basis of
the equation of Ijgg = 100 I3 = 100 log (1/Ti).

Furﬁher, assuming that the spherical spacer particles to
be tested are charged into the display cell in such a manner
that the'transmitting,layers may be filled wiéh said
particles conneéted to one another in the direction of the
thickness of said transmitting layers, and taking an
absorbance of the particles having é particle diameter of d

pm as Ip and taking-a transmittance of said particles as Tp,

the following equations are derived therefrom, because the

" absorbance is proportional to the thickness of the

transmitting layer. .

Ip = (d/500) x Iigo

(d/5) x log (1/T1)

‘log (1/Tp) and accordingly
Tp = (T1)4/5
From Tp obtained by utilizing the abovefequationé, the
light coverage of the spherical spacer particlés was
calculated:according to the follbwing equation.
Light coverage.= 100 - Tp
A liquid crystal display device using the spherical

spacer particles obtained above as a'spacer between the .

‘display electrodes was prepared in the following manner, and
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the display device thus prepared was evaluated with respect

to ité characteristics. .'
First, 1 g of the spacer particles wgre dispersed in 100

g of an epoxy resin f§r sealing (a product of Mitsui Toatsu

Chemicals, Inc.) to obtain an ink composition.' The ink

_composition thus obtained was applied by means of a screen

-printer' to the periphery of an alignment film of a laminate

comprising successively on a polished glass substrate, 2 cm x
2 cm, fér liquid crystal displa§ device a transparent
electrode and alignﬁent film to obtain .a substrate for liquid
crystal display device of large size display part.
Subsequently, in a spréy'booth'kept at 60°C and 3%'RH
wherein ﬁhe_substrate_for liquid crystal display device of

large size display part had been placed, a dispersion of 0.01

"g of the same spacer particles as above in 1 liter of ethyl

“alcohol was sprayed over the portion of said substrate, to .

which no sealiné resin had been applied. The substrate thus

" treated was. then predried at 90°C for 30 minutes, and

thereafter this substrate and énother éubstrate having the
same structﬁre aé above were put on top of each other so that
the aiignment films thereof could face each other, and the
sealing resin was cured by.heating at 150°C for 1 hour under
a pressure of 3 kg/cm?2, whereby a cell for liquid crystal

display device of large size display part was prepared. In

Sheet Has Been Replaced
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the same manner aé above, there were prepared 10 pieces of
the cells in all. |

A liquid crystal-display.device was prepared by
injecting a liquid crystal into the portion of the ceil for
liquid crystal'display device, to which no sealing resin had
been appiied.

The cell for the'liquid erystal display device thus
prepared-ﬁas'cut off at fhe.central'portion, right side

portion and left side.portion_by means of a diamond cutter,

"and the thickness of these three portions was measured by

means of an electron microscope: Table 7 shows the average
thicknesé and dispersion thereof (an average of values of
thickness of thfeé portions (central, fight and left sides)
of 10 cells and a standard deviation).
Example 8

To 970 g of the seed_particie dispersipn (A) obtained by
phe same procedure ;s in Example 7 were gradually added with
stirring af 35°C a mixed éolﬁtion of 58 g of ethanol, 45 g of
28% ammonia water and 101.§ 6f éure watér,'and 418 g of
biSacetylacetonato—diiéopropoxy titanium (TiO2: 10% by
weight) over a perlod of 5 hours To the resulting
dispersion were added gradually a mixed solution of 480 g of
ethanol, 372 g of 28% ammonia water and 816 g ‘of pure water,
and 985 g of ethyl silicate (éiozz 28% by weight)_over a

period of 10 hours.
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The dispersion thus obtained was heated at 70°C and kept

‘at that temperature for 2 hours to obtain a dispersion

containing particles formed by laminating Si02 as a core with
TiO2 and S$i0O2 successively.
This dispersion was dried at a temperature of 110°C and

then heat treated in an atmosphere of air at a temperature of

. 350°C for 3 hours to obtain such black spherical spacer

particles as shown in Table 6.

Qsing the sphefical spacer particles thus.obtained;.a
liqﬁid crystal display device was bfepafed in the same manner
as in Example 7, which was then evaluated in . the same manner
és in Example 7.

Results obtained are shown in Table 7.

Example 9

To 500 g of the'seed particle dispersion -(A) obtained in

" Example 7 were added gradually with stirring at 35°C a mixed

solution of 66 g of ethanol, 52 g of 28% aﬁmonia'water and.
154. g of pure water, and ethyl silicate (SiO2: 28% by weight)
over a period of 5 hours to obtain a seed particle dispersion
(C) cdntaining_grown Si0p particles.: .

To 800 g of the seed partiéle;dispersion (C) were added
349 g of ethénol, 87 g of 28% ammonia water and 279 g of pure
watgrQ To the.resulting seed particle.éispérsion {C) were
added gradually with stirring at 35°C a mixed solution of 67

g of ethanol, 52'g of 28% ammonia water and 144 g of pure
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water,.127 g of the same ethyl silicate as above and 70 g of
the same zirconium complex as in Example 3 over a perlod of 3
-hours.

The dispersion thus obtained was heated at_70°c and kept

5 at that temperature for 2 hours to obtain dispersion

containing particles forméd'by.laminating Si0O2 as a core with
a mixturé of Si0O2 and 2rO2.

The dispersion obtainéd_in this manner was heated at
-110°C to remové the solvent therefrom; whereby such whife

‘10 spherical spacer particles as shown in Table 6-were_obtained.

Using the spherical spacer particles thus obtained, a
1i§uid crystal display device was prepared by the same
procedure as in Examplé 7, which was then evaluated in the

same manner as in Example 7.

15 Results obtained are shown in Table 7.
Table 6
.Average . .
. " particle . Light
Example diameter CV value coverage
(ptm) (3, (%)
7 - 1.01 1.98 22
8 S1.01- 1.98 50

9 1.02 1.96 20
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Table 7
. Cell gap Dispersion. .
Example - (Hm) (1m)
7 : 1.05 0.05
8 0.98 0.04 *
] 1.05 0.05

Visual observation was conducted so as to ascertain
whether or not aggregated particles are present in the

dlspersed spacer particles in the display sectlons of the

- liquid crystal dlsplay devices obtalned in Examples 7 to 9,

whereupon no aggregated particles were observed.

When images displayed by driviné theée liquid crystal
display devices obtainea above were inspected, no ifregular
density and irregular coldr were obServed in each device and

the contrast of the displayed images was excellent.
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What is claimed is:

1. A liquid cryétél'display device comprising a pair
of transparent substrates gach having fo£med thereon a
transparent elecérode, séid transparent sub;tfates being
arranged so that said transparent electrodes may be opposite
to each other.through a spaée; interposed between said
transparent electrodes, and characterized in that said spacer
being composed of spherical particles having'a coefficient of
variation (CV value) in particie diameter of not more than 2%
and an aégregation ratio-of‘pot more than 5%.

2. The liqﬁid crystal display device as claimed in
claim 1 wherein the spacer is composed of spherical particles
having a CV value of ndt more than 1.5%:.

3. The liquid crystal display device as claimed in
claim 1 wherein the spacer is composed of spherical particles
having an aggregation ratio of not more than 3%.

4. The liquia crystai display dévicé as claimed in
claim 1 wherein the spherical particles are those obtained by
carrying out hydrolysis 6f tetraethoxysilane added to.a_
water/organic solvent dispersion of seed bérticles in the
presence of methqusilanes reéresentéd by the following
fqrmula (1}

(CH30) (C2H50) g4-n Si p (1]
wherein n is 1-4, thereby depositing_; hydrolyzate of said

tetraethoxysilané on said seed particles.



10

15

A A S

eplaced

"l

44

5. The liquid crystal display device as claiméd in
claim 1 wherein the spherical particles are those obtaihéd by
adding tetraalkoxysilane and silicic acid solution to a
watér/organic dispérsion of seed particles, and depositing a
hydrolyzaﬁe of said tetraélkoxysilane and a polymerizate of
said silicic acid on said seed particle.

6. The liquid crystal display device as claimed in
claim 1 wherein the sphgrical particles are-those obtained by
lamlnatlng a metal oxide layer on said spherical particles,

said metal oxide layer being dlfferent in refractlve index
from sald spherical partlcles.

7. ' The liquid crystal display device as claimed in any
of.claims 4 to 6 wherein the spherical particles are black
sphetical particles obtained by subjecting said spherical
particles to heat trgatment at a temperature of above 250°C.

8. The liquid crystal display device as claimed in ény
of claims 4 to 7 wherein the Spherical particles are those
obtained by coating thé surface of said'spheriéal particlés

with a synthetic resin.



