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DESCRIPTION

METHOD OF SCATTERING FINE PARTICLES, METHOD OF MANUFACTURING
LIQUID CRYSTAL DISPLAY, APPARATUS FOR SCATTERING FINE PARTICLES,
AND LIQUID CRYSTAL DISPLAY '

TECHNICAL FIELD | |
The'pr.esent invention relates to a method of spraying

. particles, ‘a method for producing a liquid crystal display

device, a particle sprayer and a liquid crystal display device.

- BACKGROUND ART
With the advancement of electronic technology, particles
have been put to wide, practical use in various fields. Among .
such particles, there may be mentioned particles used as spacers

~in liquid crystal display devices, for instance. .

In one of the fields of application of such particles,
liquid crystal displéy devices, for instance, are widely used.
in personal computers, portable electronic apparatus and the.
like. Generally, a liquid crystal display device comprises,
as shown in Fig. 75, a liquid crystal layer 7 sandwiched between
two paired insulating substrates 1, on which color filters 4,
a black matrix 5, transparent electrodes 3, an a‘lignment layer
9 and so on are formed. _ _ ‘ '

The distance between the above paired insulating

‘substrates 1, namely the thickness of the liquid crystal layer,

influences the transmittance of light and, therefore, if the
liquid crystal layer thickness is not maintained constant all
over the display area of a liquid crystal display device,

satisfactory display will not be attained. For this reason,

 spacers 8, for example glass fibers or truly spherical plastic

beads, are disposed between the paired insulating substrates

- so that the liquid crystal layer thickness may be maintained
‘constant all over the display area.

These spacers are dispersed unifdrmly on the alignment
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layer, for example, by spraying, together with a compressed gas,
from a nozzle (dry spraying) or spraying of a liquid composed
of spacers and a volatile liquid (wet spraying) after alignment
layer formation. Thereafter, the insulating substrate is
paired with a counterpart insulating substrate for panel
alignment and a liquid crystal, for example a nematic liquid
crystal, is filled into the space between the paired insulating
substrates with spacers sandwiched therebetween.

When, however, spacers are disposed also on pixel
electrodes within the display area, light leakage occurs from
such spacers and the substantial aperture ratio is thereby
reduced, so that such problems as display unevenness and reduced '
contrast arise.. .

For solving such problems as mentioned above, it is only
necessary to dispose spacers only in those electrode gaps which
are nondisplay areas, namely only at sites of a black matrix, '
which is constituted of a light shield layer. The black matrix |

. 1s provided for the purpose of improving the display contrast

of the liquid crystal display device and, in the case of TFT
type liquid crystal display devices, for the purpose of
preventing their elements from erroneously operating in
response to external light. _
For TFT type liquid crystal display devices, a technolégy
of disposing spacers at sites corresponding to the blackmatrix,
namely at sites other than display pixel sites, is disclosed
in Japanese Kokai Publication Hei-04-256925 which comprises
maintaining the gate electrode and drain electrode at the same
eléctric potential in the step of spraying spacers. Further,
Japanese Kokai Publication Hei-05-61052 discloses a method

" comprising applying a positive voltage to the circuit

electrodes and charging spacers negatively and spraying them
by dry method. In these technologies, it is intended to control
spacer" disposition by applying a voltage' to electrodes formed
on the substrate. ' _ '
However, they have a problem. Namely, application of a
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voltage to the substrate having thin film transistors (TFTs)
formed thereon, for the purpose of controlling the spacer
disposition, may lead to destruction of elements by that voltage,
hence to failure to function as a liquid crystal display device.
There is another problem. Namely, such technologies as

_mentioned above cannot be employed in STN (supertwisted

nematic) type liquid display devices since the sites

corresponding to the black matrix are spaces among transparent

‘"electrodes.

On the other hand, as a technology of disposing spaéers
in spaces between stripe—form transparent electrodes
constituted by disposing a plurality of linear transparent
electrodes in parallel on a substrate, as in STN type liquid
crystal display devices, there are disclosed, in Jépanese Kokai
Publication Hei-03-293328 and Japanese Kokai Publication
Hei-04-204417, methods of producing liquid crystal display
devices which compriée charging spacers either positively or
negatively and applying a voltage of thé same polarity to the
transparent electrodes on the substrate in the step of spacer
spraying. | | ,

In particular, -according to Japanese Kokai Publication
Hei-04-204417, a conductor is disposed below the electrode
substrate in a spacer sprayer for positive voltage application
so that the velocity of falling of negatively chérged spacers
may be controlled. It is further disclosed that, for avoiding
adhesion of negatively charged spacer particles to the wall of
the spray chamber, the chamber should be made of a conductor
to enable negative voltage application.

However, when,-in practicing these methods, the spacer
charge amount and/or the voltage to be applied to electrodes
is selected at a low level (voltage value: not higher than about
1,000Vv), therépulsiveforce(repellentforce)betweehspacers
and electrodes becomes weak, and the force for shifting spacers
to interelectrode spéces becomes insufficient, hence the
selectivity toward spacer disposition in electrode-free areas
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(interelectrode areas) becomes poor, with the result that a
number of spacers'are disposed also on each electrode, as shown
in Fig. 76.

Conversely when the spacer charge amount and/or the
voltage tobe applied to electrodes is increased (voltage value:
about several kilovolts), the repulsive force between spacers
and electrodes becomes strong and the selectivity toward spacer
disposition in electrode-free areas (interelectrode areas) is
improved, as shown in Fig. 77.

In this case, however, the repulsive force acts more
strongly over the set of electrodes, so that the tendency of
spacers to be turned out of the domain of the electrodes
increases; as a result, no spacers are disposed at all in the
peripheral region of the electrode domain, hence the cell
thickness cannot be controlled in the peripheral region.of.the

.electrode domain. Although such phenomenon occurs already at

a state at which the repulsive force is still weak, the area
of spacer-free portions unfavorably and markedly inéreases as
the repulsive force increases.

In Japanese Kokai Publication Hei-08-76132, there is
disclosed a method of disposing spacers more selectively as
compared with the methods mentioned above. The method
éomprises charging spacers to be sprayed either positively or
negatively, applying a voltage opposite in polarity of the
spacer charge to first electrodes provided in areas on the

‘insulating substrate where spacers are to be disposed, and

applying a voltage of the same polarity as the spacer charge
polarity to second electrodes provided in areas on the
ihsulating subétrate where no spacers are to be disposed, to
thereby apply a repulsive force and an attractive force between
spacers and the electrodes so that the spacers may be disposed
either on the first electrodes or on the second electrodes with .
good selectivity. .

This method, however, has a problem in that the contrast
is decreased by the occurrence of spacers on the electrodes.




10

15

20

25

30

35

Another problem is that when this method is applied to the
production of simplematrix type liquid crystal display devices, .
it is necessary to form electrodes for spacer disposition in
addition to the pixel electrodes and the aperture ratio

decreases accordingly.

| SUMMARY OF THE INVENTION

Accordinély, it is an object of the presentlinvention to-
solve the above problems and provide a method of spraying
particles by which predetermined quantities of particles can
be disposed on specified electrodes, in particular a method of
spraying particles by which spacers can be sprayed in
interelectrode gaps selectively even in the case of substrates
comprising pattern-forming transparent electrodes, such as |
those used in liquid crystal display devices, and a method of’
producing liquid crystal display devices of high contrast and
high display uniformity by which spacers can be disposed in
interelectrode gaps without sacrificing the aperture ratio and
by which spacers can be disposed on the substrate without -
irregularity to attain a uniform cell thickness over the whole
substrate, as well as a particle spraying apparatus and a liquid
crystal display device.

Ina first aspect, the present invention provides amethod -
of spraying particles '

which comprises applying a voltage of the same polarity
as the particle charge polarity to a plurality of electrodes.
formed on a substrate , |

'~ and spraying the particles while utilizing the repulsive

force operating on the particles, '

wherein means is employed for preventing the particles
from being forced cut of the electrode domain comprising the
plurality of electrodes.

In a second aspect, the invention provides a method for
producing a liquid crystal display device comprising

spraying spacers onto at least one of a first substrate
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comprising at least pattern-forming transparent electrodes and
having at least one display area and a second substrate to be
disposed opposedly above the first substrate

and filling a liquid crystal into the space between both
the substrates,

wherein accessory electrodes are provided outside the
display area | .

and, in spraying positively or negatively charged spacers
onto the substrate, two or more voltages differing in voltage
value are applied to respective transparent electrodes

and a voltage is applied to the accessory electrodes as

'well to thereby control the electric field generated above the

transparent electrodes and above the accessory electrodes so
as to cause selective spacer dispoéition ohly in apredetermined
transparent electrode gap among the gaps between respective
neighboring transparent electrodes. .
In a third éspect, the invention provides a method for
producing a liquid crystal display device comprising
spraying spacers onto at least one of a first substrate

‘comprising at least pattern-forming transparent electrodes and

a dummy electrode and a second substrate to be disposed
opposedly above the first substrate '
-and filling a liquid crystal into the space between both
the substrates, _
. wherein, in spraying positively or hegatively charged
spacers onto the substrate, two or more voltages differing in
vOltage.value are appliéd to respective transparent electrodes

and a voltage is applied to .the dummy electrode as well,

the predetermined transparent electrode gaps in which
spacers are to be selectively disposed are provided between
respective two neighboring transparent electrodes,

the number of transparent electrodes is even,

and the two or more voltages differing in value are
applied in a manner such that when the spacer charge polafity
is positive (+), thé lowest of the two or more voltages differing
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in value is applied to the respective two neighboring

transparent electrodes between which spacers are to be disposed.

in the middle, -

and when the spacer charge polarity is negat:x.ve (=), the
highest of the two or more voltages differing in value is applled
to the respective two neighboring transparent electrodes
between which spacers are to be disposed in the mlddle._

In a fourth aspect, the invention provides a method for

producing a liquid crystal display device comprising

spraying spacers onto at least one of a first substrate

comprising at least pattern—forming transparent electrodes and

a dummy electrode .and a second substrate to be disposed
opposedly above the first substrate '

and filling a liquid crystal into the space between both

the substrates,

wherein, in spraying positively or negatively charged
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage,

a conductor is provided in a state electrically insulated
from the conductive sta_ge,' ' _

said conductor being a conductive frame having an
opening, _
and said conductive frame being disposed on the periphery
of the .substrate with or without partial overlapping with the
substrate periphery, .

and wherein a voltage is applied to the transparent
electrodes and the conductive frame.

In a fifth aspect’, the invention provides a method for -

producing a liquid crystal display device comprising
spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
an alignment layer and having at least one display area and a
second substrate to be disposed oppbsedly above the first

substrate
and filling a liquid crystal into the spacé between both
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the substrates,

wherein, in spraying positively or negatively charged
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage,

a voltage having the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the.
substrate, _

a conductor is provided, outside the display area, in a
state electrically isolated from the conductive stage

and a. voltage having the same polarity as the polarity
of the voltage applied to the transparent electrodes is applied
to the conductor to thereby form almost the same electric field

~within and without the substrate.

In a sixth aspeét, the invention provides a method for
producing a liquid crystal display device comprising

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electi:'odes and
an alignment layer and having one or more display areas and a

- second substrate to be disposed opposedly above the first

substrate _
and filling a liquid crystal into the space between both

'the substrates,

wherein, in spraying positively or negatively charged.
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage smaller in size than
the substrate to allow the substrate periphery to be apart from
the conductive stage

' and a voltage-of the same polarity as the spacer charge
polarity is applied to the transparené'electrodes on the
substrate. _

In a seventh aspect, the invention provides a particle
sprayer for disposing charged particles selectively on a
substrate having a plurality of electrodes

which comprises a nozzle for spraying charged particles
onto the substrate,
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a conductive stage having a fixed position and serving
to hold the substrate onto which charged particles are to be

sprayed,
a plurality of push-up pins for mounting the substrate

"on and dismounting the substrate from the conductive stage,

a probe for applying a voltage identical in polarity with

the charged particles to a plurality of electrodes on the

substrate disposed on the conductive stage,
and a conductor being electrically insulated from the

coﬁductive stage,

said conductor being a conductive frame provided with an
opening smaller in size than the substrate,

and said conductive frame being disposed on the top of
the substrate disposed on the conductive stage andbeing applied
a voltage of the same polarity as the charged particle polarity

thereto.
In an eighth aspect, the invention provides a liquid

. crystal display device as obtainable by utilizing the method

of spraying particles according to the first aspect of the
invention. |

In aninth aspect, the invention provides a liquid crystal
display~device as obtainable by the method for producing a
liquid crystal display device accordinglto the second or third
aspect of the invention. .

In a tenth aspect, the invention provides a liquid crystal
display device as obtainable by the method for producing a
liquid crystal display device according to the fourth, fifth
or sixth aspect of the invention using the particle sprayer
according to the seventh aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic sectional view illustrating an
equipotential surface above the substrate in the prior art

method for producing a liquid crystal display device.
Fig. 2 is a schematic plan view illustrating the relation
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between the transparent electrodés and dumny electrode formed
6n the substrate, as seen from above, in the method for producing.
a liquid crystal display device according to the present
invention, wherein the dummy electrode is connected with the
transparent electrodes. o

" Fig. 3 is a schematic plan view illustrating the relation
between the transparent electrodes and dummy electrode, as seen
from above, in the method for producing a liquid crystal display
device according'to the present invention, wherein the dummy
electrode is not connected with the transparent electrodes.

Fig. 4 is a schematic sectional view illustrating a spacer
sprayer to be used in the practice of the present invention.

Fig. 5 is a sectional view illustrating an electrode
pattern relevant to the present invention.

Fig. 6 is a schematic view illustrating the manner of
spacer disposition as attainable according to the present
invention. | '

Fig. 7 is a schematic view illustrating the method of .
disposing spacers by means of a macroscopic electric field
according to the present invention. |

Fig. 8 is a schematic view illustrating the conventional
method of disposing spacers by means of a macroscopic electric
field. | -
Fig. 9 is a schematic view illustrating the regions.
relatively high in voltage (+ (positive)) and the regions

- relatively low in voltage (- (negative)) formed above

stripe-shaped transparent electrodes, as seen from above the

stripe-shaped transparent electrodes. -

Fig. 10 is a schematic view illustrating a troublei
encountered when the polarity of the voltage applied to the
transparent electrodes is reverse to the spacer charge
polarity. .

'Fig. 11 is a plan view illustrating the electrode pattern

in an embodiment of the present invention.
Fig. 12 is a plan view illustrating the electrode pattern
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in another embodiment of the present invention.
Fig. 13 is aplan view illustrating the electrode pattern

onone of apair of insulating substrates in producing two liquid
crystal display device_s from the pair of insulating substrates

in an embodiment of the present invention.
| Fig. 14 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the middle
of the display area in an embodiment of the present invention.
Fig. 157is a schematic view illustrating the method of
disposing spacers by means of an electric field in the vicinity

of the periphery of the display area in an embodiment of the -

present invention.
Fig. 16 is a schematic view illustrating how spacers move

under the influence of an electric field all over the whole.

display area in an embodiment of the present invention.

Fig. 17 is a plan view illustrating the electrode pattern

onone of apair of insulating substrates in producing two liquid
crystal display devices from the pair of insulating substrates

in an embodiment of the present invention.
Fig. 18 is a schematic view illustrating the method of

disposing spacers by means of an electric field in the central
portion of the display area in an embodiment of the present
invention. .

Fig. 19 is a schematic view illustrating the method 6f
disposing spacers by means of an electric field in the viéinity
of the periphery of the display area in an embodiment of the
present invention. |

Fig. 20 is a schematic view 1llustrat1ng how spacers move
under the influence of an electric field all over the whole
dJ.splay area in an embodiment of the present invention.

| Fig. 21 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the central
portion of the display area in an embodiment of the present

invention.
Fig. 22 is a schematic view illustrating the method of
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disposing spacers by means of an electric field in the vicinity
of the periphery of the dJ.splay area in an embodiment of the

present invention. _ _
Fig. 23 is a schematic view J.llustratlng how spacers move

under the influence of an electric field all over the whole
display area in an embodiment of the present invention.

Fig. 24 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the central
portion of the dispiay area in an embodiment of the present
invention. '

Fig. 25 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the vicinity
of the periphery of the display area in an embodimen_t of the

present invention.
Fig. 26 is a schematic view illustrating how spacers move

under the influence of an electric field all over the whole

display area in an embodiment of the present invention.

Fig. 27 is a plan view illustrating the electrode pattern
in an embodiment of the present invention. '

Fig. 28 is a plan view illustrating the electrode pattern
onone of apair of insulating substrates in prodﬁcing two liquid
crystal display devices from the pair of insulating substrates
in an embodiment of the present invention.

Fig. 29 is a schematic view illustrating the method of'
disposi‘ng spacers by means of an electric field in the central
portion of the display area in an embodlment of the present
invention. _

Fig. 30 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the vicinity
of the periphery of the display area in an embodiment of the
present invention.

Fig. 31 is a schematic view illuétrating how spacers move
under the influence of an electric field all over the whole
display area in an embodiment of the present invention.

Fig. 32 is a plan view illustrating the electrode pattern
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in an embodiment of the present invention.
Fig. 33 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the central

.portJ.on of the display area in an embodlment of the present

invention.
Fig. 34 is a schematic view illustrating the method of

disposing spacers by means of an electric field in the vicinity’
of the periphery of the display area in an embodlment of the
present invention.

Fig. 35 is a schematic view illustrating how spacers move
under the influence of an electric field all over the whole
display area in an embodiment of the present invention.

| Fig. 36 is a schematic view illustrating the method of
disposing spacers.by means of an electric field in the central:
portion of the display area in an embodiment of the present
invention. _ _

Fig. 37 is a schematic view illustrating the method of
disposing spacers by means of an electric field in the vicinity
of the periphery of the display area in an embodiment of the
present invention.

Fig. 38 is a schematic view illustrating how spacers move
under the influence of an electric field all over the whole
display area in an embodiment of the present invention.

Fig. 39 is a schematic view illustrating the high and low
voltage states in the practice of the present invention.

Fig. 40 is a schematic view illustrating a trouble
resulting from spacer movements caused by an electric fleld all
over the display area in the prior art.

Fig. 41 is a schematic view illustrating a trouble

' resulting from spacer movements caused by an electric field all

over the display area in the prior art.

Fig. 42 is a schematic view of a comb-shaped electrode
to be used in an embodiment of the method for producing a liquid
crystal display device according to the present invention.

Fig. 43 is a schematic view _ill'ustrating the method for
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producing a liquid crystal dJ.splay device according to the

present invention.
Fig. 44 is a schematic view of a substrate provided with

dumnmy electrodes which is to be used in an embodiment of the
method.for'produc1ng'a liquid crystal display device accordlng
to the present invention. -

Fig. 45 is a schematic view of a substrate provided with
dummy electrodes which is to be used in an embodiment of the
method for producing a liquid crystal display device according
to the present invention. ' '

Fig. 46 is a schematic view illustrating the relation .
among the first substrates, stage and conductive frame in an
embodiment of the method for producing a liquid crystal display
device according to the present invention, the top figure being
a plan view seen from above and the bottom being a sectional
view. '

"Fig. 47 is a schematic view illustrating the relation
among the first substrates, stage and conductive frame in an
embodiment of the method for producing a liquid crystal display
device according to the present invention, the top figure being
a plan view seen from above and the bottom being a sectional
view. .
Fig. 48 is a schematic side view illustrating how spacers
are sprayed onto the first substrate in an embodiment of the
method for producing a liquid crystal display device according
to the present invention.

Fig. 49 is a schematic sectlonal view illustrating a
method of applying a voltage from the conductive frame to the
dummy electrode in an embodiment of the method for producing
a liquid crystal display device according to the present
invention, wherein a needle terminal (probe) projects out from
a flat surface facing the substrate on the conductive frame to
the dummy electrode for voltage applicatibn and . wherein the
needle terminal (probe) is provided on the connecting plane
connecting the conductive frame with the dummy electrode;
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Fig. 50 is a schematic sectional view illustrating a
method of applying a voltage from the conductive frame to the
dummy electrode in an embodiment of the method for producing
a liquid crystal display device according to the present
invention, wherein a needle terminal (probe) projects out from
a flat surface facing the substrate on the conductive frame to
the dummy electrode for voltage application and wherein the
needle terminal (probe) has a certain length and connects a side
of the conductive frame and a side of the dummy electrode.

Fig. 51 is a schematic side view illusfrating how spacers:
are sprayed onto the first substrate in an embodiment of the
method for producing a liquid crystal display device according
to the present invention. _

Fig. 52 is a schematic sectional view illustrating the
equipotential surface over the substrate when the stage is not
earthed. |
Fig. 53 is a schematic sectional view illustrating the
equipotential surface over the substrate in thg'method for
producing a iiquid crystal display device according to the
present invention. — . _

Fig. 54 is a schematic sectional view illustrating the
equipotential surface over the substrate in the method for
producing a liquid crystal display device according to the

" present invention.

Fig. 55 is a schematic view, inclusive of a plan view and
sectional views, illustrating the relation between the
substrate and the conductive frame in the method for producing
a liquid crystal display device according to the present
invention. _ ' '

Fig. 56 is a schematic sectional VieW'illustrating the
case where the conductive stage and conductive frame are formed
in isolation from each other on an insulator in practicing the
method for producing a liquid crystal display device according

to the present invention. '
Fig. 57 is a schematic sectional view illustrating the
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relation between the conductive Stage and conductive frame in

- the method for producing a liquid crystal display device

according to the present invention, with a substrate end portion
being shown on exaggerated scale. ' '

Fig. 58 is a schematic sectional view illustrating the
relation between the conductive stage and conductive frame in
the method for producing a liquid crystal display device
according to the present invention, with a substrate end portion
being shown on exaggerated scale.

"Fig. 59 is a schematic view, inclusive of a plan view and
a sectional view, illustrating the p'icture frame~-like state of
the black matrix in the method for producing a liquid crystal

display device according to the present invention.

Fig. 60 is a schematic sectional view illustrating the
relation between the conductive sﬁage and conductive frame in
the method for producing a liquid crystal display device
according to the present invention, with a substrate end portion
being shown on exaggerated scale. ' |

Fig. 61 is a schematic sectional view iliustrating.the
relation between the substrate and stage in thé prior art method
for producing a liquid crystal display device. ‘

Fig. 62 is a schématic sectional view illustrating the
relation between the substrate and stage in the method for
producing a liquid crystal display device according to the
present invention..

Fig. 63 is a schematic sectional view illustrating the

-equipotential surface over the substrate in the method for

producing a liquid crystal display device according to the
present invention. ' "
Fig. 64 is a schematic sectional view illustrating an

| example of the particle sprayer according to the present

" invention.

Fig. 65 is a schematic sectional view illustrating the
feeding and carrying-out of the substrate in the sprayer shown
in Fig. 64.
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Fig. 66 is a schematic sectional view illustrating, on
exaggerated scale, the essential elements shown in Fig. 64.

Fig. 67 is a scheématic plan view illusti‘ating the relation
between the substrate and conductive frame in the particle
sprayer according to the present invention.

Fig. 68 is an explanatory drawing showing an
equipotential line obtainable upon application of a voltage to
the conductive frame and to the transparent electrodes in the
partlcle sprayer according to the present invention.

Flg. 69 is a plan view showing the electrodes on the
insulating substrate in an embodiment of the present invention.

Fig. 70 is a schematic sectional view showing a liquid
crystal display device accordlng to the present invention.

Fig. 71 is a schematic view 1llustrat1ng the method for
producing a liquid crystal display device according to the
present inwvention. :

Fig. 72 is a schematic sectional view illust:ating a
method of voltage application to the dummy electrode in an
embodiment of the method for producing a liquid crystal display
device according to the present invention.

Fig. 73 is a schematic sectional view of the spacer
sprayer used in an embodiment of the method'for producing a
liquid crystal dlsplay device according to the present

invention. .
Fig. 74 is a schematic sectional view of the spacer

sprayer used in another embodiment of the method for producing

a liquid crystal display dev1ce according to the present

invention. )
Fig. 75 is a schematic sectional view of a prior art liquid

crystal display device. _
Fig. 76 is a schematic view illustrating the prior art

spacer disposition characteristics.
Fig. 77 is a schematic view illustrating the prlor art

spacer dlsp051tlon characteristics.
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EXPLANATION OF CODES
1 - insulating substrate (glass substrate)

2 - polarizer _
3, 3a, 3b - display electrode (linear transparent electrode,
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.pixel electrode)

color filter layer
conductive black matrix
overcoat layer

liquid crystal

spacer

alignment layer

10 - chamber (sprayer itself)
10a - cover

lla - nozzle
1llb - particle tank

12 - voltage application apparatus (direct current source)
13 - spacer.metering (dosing) feeder '
- 14 - insulator _
15 - conductive stage (stage, electrode)
16 - parting line ‘
17 - pipeline (spacer blowing out tube)

18, 18a, 18b - conductor

19 - conducting part

19a - conducting wire (A)

19b - conducting wire (B)

20, 20a, 20b - auxiliary eléctrode_

21 - dummy electrode

22 - display electrode area

23 - insulation layer

.24 - sealing'material

25 - spacer within sealing

26 - black matrix picture frame
27 - transparent conductive layer
28 - dummy electrode area

29, 29a, 29 - accessory electrode
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30 - display area

31 - driving mechanism

32 - robot mechanism

32a - arm

32b - sucking cup

33 - spacer spraying range

34 - conductive frame (field, repulSive force field)
34a - opening

34b - push-up shaft

35 - probe (needle terminal)

36 - push-up pin _ : _

37 - equipotential line (equipofential surface)

. DISCLOSURE OF THE INVENTION
In the following, the present invention is described in

detail. , .
‘The method of spraying particles according to the first

‘aspect of the present invention comprises applying a voltage

of the same polarity as the particle charge polarity to a
plurality of electrodes formed on.a substrate and spraying the
particles while utilizing the repulsive force operating
thereon, | _
wherein means is employed for preventing the particles"'
from being turned out of the electrode domain comprising the
plurality of electrodes. | C _ '
The above substrate may be made of glass, a resin, a metal
or any other appropriate material and has a plurality of
electrodes on its surface. Its shape is not particularly
restricted; thus, it may be substrate-like or film-shaped, for
instance. When a metal substrate is used, however, it is
necessary to provide an insulating layer on the metal substrate
to prevgnt the electrodes formed on its surface from short-

circuiting.

The abdve electrodes include, but are not limited to,
transparent electrodes, linearized transparent electrodes
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(linear transparent electrodes) and so on. As the substrate
on which the above plurality of electrodes are formed, there
may be mentioned substrates comprising pattern~forming
transparent electrodes, among others. The above substrate
comprising pattern-forming transparent electrodes is, for
example, a substrate having stripé electrodes constituted from
linear transparent electrodes disposed in parallel. The
stripe electrodes are used as the so-called display electrodes
in liquid crystal display devices. The electrode region
comprising the above plurality of electrodes is the region where

" the plurality of electrodes form a electrodes group and, when

the plurality of electrodes are used as display electrodes, the
region is the display electrode area. Inliquidcrystal display
devices, the region for performing displaying out of the above
display electrode-forming region is called display area.

In cases where the above method of spraying particles is
used in the production of liquid crystal display devices, the
above substrate includes, among others, color filter substrates
having a black matrix, color filters, an overcoat layer,
pattern-forming transparent electrodes and an alignment layer,
and substrates having a black matrix, an overcoat layer,
pattern-forming transparent electrodes and an alignment layer.

" The substrate onto which spacers are to be sprayed may be a

substrate having a color filter or a substrate to face such
substrate as mentioned above. _ ' ,
'Therefore, when the above method .of spraying particles
is applied to the produ_ction of STN type liquid crystal display
devices, the method is applicable to any substrate, whether it
is a common electrode (scanning electrode) substrate or a
segment electrode (display electrode) substrate, on condition

that it has pattern-forming transparent electrodes at the

least. ,
' The particles are not p’articularly restricted but include,

for example, metal particles; synthetic resin particles;
inorganic particles; light-shielding particles of a synthetic
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resin contain'ing_a pigment dispersed therein; particles colored
with a dye; particles exhibiting adhesiveness upon application
of heat or light, for instance; and particles derived frommetal
particles, synthetic resin particles, inorganic particles or
the like by plating the surface thereof with a metal. They are
generally used as spacers in liquid crystal display devices.
The spacers serve to adjust the cell thickness in liquid crystal
display devices. -

The above method of spraying particles may be dry method - '
or wet method. In the wet spraying method, particles are
sprayed in the form of a dispersion in a mixed solvent composed
of water and an alcohol, for instance. Even in this case, the
particles can be charged and, therefore, the effects of the
first aspect of ‘the invention will not be - reduced. The dry
method of sprayincj is proffered, however, since the amount of
charge can be stabilized in the dry spraying.

In the above dry method of spraying, the particles can
be charged, for example, by repetitions of their contactingwith
a pipeiine or by application a voltage thereto. Among these,
the method comprising passing pa'rticles through a pipeline by
means of such a medium as compressed air or compressed nitrogen
can charge the particles in a stable manner. In that case, the i
moisture content in the medium gas should pre_ferabiy be as low
as possible from the viewpoint of particle Charging and
preventing moisture adhesion to the substrate.

The material of the pipeline.may be a metal or a resin
and can ad_equately be selected in connection with the particle
charge polarity and the amount of charge.

The metallic pipeline includes, but is not particularly
limited to, pipelines made of a single material such as nickel,
copper, aluminum or titanium; and pipelines made of an alloy
such as stainless steel, among others. It may be a pipeline
having a metallic coating, such as a gold_-or chromium coating,
formed by plating, for instance, on the pipeline inside wall.

The resin-made pipeline includes, but isnot particularly
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limited to, pi'pelines made of Teflon, a vinyl chloride resin,
nylon or the like. For attaining stable charging, however, it
is necessary to coat such a resin pipeline with a metal and
thereby earth the pipeline. This is because if the pipeline
is not earthed, the resin pipeline will have an accumulated
charge, which makes it impossible to attain stable charging,
since electric charge exchanging occurs as a result of
contacting of the particles with the pipeline.

For adjusting the amount of charge on the particles, a
plurality of such pipelines differing in material may be
connected in series. ’ . |

When, in spraying particles, the particle charge polarity
is the same as that of the voltage applied to the plurality of-
electrodes on the substrate, for example when the particle
charge polarity is positive (+) and the voltage applied to the
plurality of electrodes is also positive (+), then the total
number of particles sprayed onto the substrate becomes smaller
and more stable than the case of omitting the voltage
application to the plurality'of electrodes.

In the peripheral portions of the substrate where the
plurality of electrodes are absent, however, no repulsive force
operates and those particles in the vicinity of the periphery
of the substrate are expelled out of the substrate. Asaresult,
the number of particles in portions around the region comprising
the plurality of electrodes becomes insufficient. If such
technique is applied in the production of liquid crystal display
devices using spacers as the particles, the cell thickness will
become reduced in such portions of the device as mentioned above
and this may possibly lead to occurrence of display unevenness.

In that case, a step of imposing a certain load on liquid -
crystal display devices is included in the process of liquid
crystal display device production. If some or other portions
of the substrate show an irregular or fluctuating number of
spacers, the load per spacer varies and the spacef distortion
varies accordingly, hence the cell thickness varies,.in those
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portions, possibly leading to uheven display on the liquid

‘crystal display devices.

The cause of such increase or decrease in the number of
particles in the vicinity of the periphery of the region’
comprising a plurality of electrodes may be explained for the
case of liquid crystal display device production, as follows.
As shown in Fig. 1, when spacers are intended to be disposed
in transpareht electrode gaps by applying a voltage of the same -
polarity as the'spacer charge polarity to the pattern-forming
transparent eledtrodes, a force (repulsive force) repelling
falling spacers out of the display area from within the display

_area operates and, in particular in the vicinity of the

periphery of the display area, there is no repulsive force above
the substrate region outside the region comprising the
plurality of transparent electrbdes and therefore particles' to
be disposed in the peripheral portions of the display area

escape to the outside or, when the region outside the display

area is wide and large, those particles are sprayed

'concéntratedly onto the region outside the display area.

- Accordingly, the method of spraying particles according
to the first aspect of the invention comprises
applying a voltage of the same polarity as the particle
charge polarity to a plurality of electrodes formed on a
substrate '
and spraying the particles while utilizing the repulsive
force operating on the particles, .
" wherein means is employed for preventing the particles
from being turned out of the electrode domain comprising the

.plurality of electrodes.

In particular, even when the émount of particle charge
and/o: the value of the voltage to be applied to the plufality
of electrodes is increased for improving the selectivity of
disposition in interelectrode gaps, an action is produced to
prevent particles from being forced out of the electrode domain
comprising the plurality of electrodes, so that particles are
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sprayed and disposed in those ihterelectrode spaces as well
which occur in the edge portions of the electrode domain
comprising the plurality of electrodes.

In carrying out the above method of spraying particles,
it is preferred that a dummy electrode be provided outside thg_
electrode domain comprising a plurality of electrodes and a
voltage of the same polarity as the particle charge polarity
be applied also to the dummy electrode to thereby control the
electric field above the periphery of the electrode domain
comprising the plurality of electrodes.

Thus, by applying a voltage of the same polarity as the
particle charge polarity to the dummy electrode and adjusting
the voltage to thereby control the electric field, it becones
possible to cause a repulsive force to operate on particles and
thus push back those particles otherwise expelled out of the
electrode domain comprising a plurality of electrodes to the
inside of the electrode domain, with the result that particles
are sprayed and disposed also in those interelectrode spaces_'
which occur in the edge portions of the electrode domain
comprising the plurality of electrodes.

Further, if the voltage applied to the dummy electrode
is adjusted properly, it is also possible to control the density
of disposed particles. In other words; it becomes possible to
correct macroscopic deviations in the electric field in the edge
portions of the electrode domain comprising a plurality of
electrodes by applying a voltage to the dummy electrode as well.

Furthermore, by adjusting the voltage applied to the
dummy electrode, it also becomes possible to intentionally
control the number of particles to be disposed in the edge
portions of the electrode domain comprising a plurality of
electrodes and, by applying the first aspect of the present
invention to the production of liquid crystal display devices,
it becomes possible to adjust the cell thickness in the edge

"portions (in the vicinity of sealed_portions) of the electrode

domain comprising a plurality of electrodes.
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The dummy electrode includes within the scope thereof, .
but isnot limited to, conductive electrodes formed and disposed
outside the electrode domain (electrode group) comprising a
plurality of electrodes, such as those mentioned below. Any
other known appropriate dummy electrodes may also be used

effectively.
In Japanese Kokai Publication Sho-63-266427; there are

disclosed dummy electrodes which have the same state as in the
display electrode-forming parts and are provided for the
purpose of improving the quality of the display part having the
same color as the background color by eliminating color,
unevenness resulting from gap irregularity between the
substrates and to which no display voltage is applied.'
The dummy electrodes are provided between the stripe- .

- shaped display electrodes made of a transparent conductive

material such as ITO as provided on the upper substrate and the
sealed portions formed on the periphery of the upper substrate .
The dummy electrodes make the gaps between the display part and
sealed portions identical in state with the display part.
When they are formed simultaneously with the display
electrbdes, the dummy electrodes can be made of the same
material and can have the same thickness as the display
electrodes. However, no display voltage (signal voltage) is
applied to the dummy electrodes. On the lower substrate, like
on the upper substrate, dummy electrodes are formed between the
display electrodes and sealed portions. _ '
In Japanese Kokai Publication Hei-02-301724, there are
disclosed transparent electrodes (dummy electrodes) provided
for the purpose of enabling the production of liquid crystal
panels having a uniform liquid crystal layer thickness.
Among the dummy e.lectrodes provided on the upper and lower
substrates, the dummy electrode prov1ded on the upper substrate
faces the dummy electrode on the lower substrate on the left
side and base side of the nondisplay area and, on the upper side,
a transparent electrode forming the display area. Among the
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" nondisplay area, on the right side, a dummy electrode on the

lower substrate faces a transparent electrode on the upper
substrate.

Therefore, transparent electrodes face to each other in
all parts of the nondisplay area. As a result, a liquid crystal'
panel having a uniform liquid crystal layer thickness, which-
is determined by the gap material diameter, can be obtained.

In Japanese Kokai Publication Hei—03-260624, there are

- disclosed dummy electrodes provided around segment electrodes

at a distance of 1 to 5 um from the segment electrodes for the
purpose of preventing the generation of static electricity

during rubbing treatment in the step of rubbing treatment, which
is to be followed by cutting off the dummy electrodes.

The dummy eléctrodes are intended to provide liquid
crystal devices having high display quality by preventing the
alignment 1ayer from being disturbed by static electricity in
dot matrix type llquld crystal devices produced by providing
segment electrodes and common electrodes derived respectively
from transparent electrode layers on a pair of substrates,
further providing an alignment layer on each electrode layer
and causing a liquid crystal to be sandwiched between the
substrates.

Thus, by providing dummy electrodes at sites surrounding
the segment electrodes on the substrate with a segment
electrode-to-dummy electrode diétance of 1 to 5 um, it is
possible to eliminate static electricity emanation between
segment electrodes in the step of rubbing. A liquid crystal
display device showing no color irregularity can be obtained

" by cutting off the dummy electrodes after rubbing treatment.

In Japanese Kokai Publication Hei-06-51332, there is
dlsclosed a dummy electrode provided in a matrix type llquld
crystal display device for the purpose of eliminating color
irregularity at extraction electrode sites outside the pixel
region. _

The dummy electrode is provided for rendering the
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thickness of the outside of the pixel region identical with the
liquid crystal layer thickness in the pixel region.

" The above dummy electrode may be formed outside the
display area on the substrate for preventing the alignment layer
from being damaged by sparking caused by static electricity in
the process for producing STN type liquid crystal dispiay'
devices. For exa.mple, when two display substrates having
stripe~shaped transparent electrodes are to be manufactured

.from one substrate, it is provided around ‘each display area,

as shown in Fig. 2 or Fig. 3. Fig. 2 is for the case of the
dummy electrode being connected with the transparent electrodes

: and( Fig. 3 is for the case of the dummy electrede being not
"connected with them.

The above method of spraying particles is preferably - '

carried out by applying a voltage of 500 to 8,000 V to the

plurality of electrodes.
As a result of the voltage applled belng controlled, the

repulsive force operating between the particles and electrodes
increases, the selectivity inparticle disposition in electrode
gaps is improved accordingly, and the particl'es are sprayed onto
the edge portions of the electrode domain comprising- the
plurality of electrodes as well with good disposition
characteristics without the particles being expelled out of the
electrode domain comprising the plurality of electrodes.

In carrying out the method of spraying particles
according to the first aspect of the invention, a voltage of'
the same polarity as the particle charge polarity is preferably
applied to an electrode other than the plurality of electrodes
which occurs on the substrate and at least partly surrounding

. the electrode domain comprising the plurality of electrodes.

The electrode other than the plurality of electrodes,
which is the dummy electrode, is formed on the substrate having
the plurality of electrodes formed thereon, and always serves
to correct the unbalanced electric field formed above the
substrate by the plurality of electrodes, irrespective of the
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position of setting of the substrate in the particle sprayer..
Since the plurality of electrodes and the dummy electrode are
formed on the substréte, it is not necessary to modify the '
setting of the particle sprayer according to the substrate size
and/or the difference in the véltage applied to the electrodes.

‘This is an advantage from the industrial viewpoint.

In carrying out the method of spraying particles
according to the first aspect of the invention, it is preferred

. that the electrode other than the plurality of electrodes be

provided in the peripheral region exclusive of an auxiliary
electrode site for applying a voltage to the plurality'of
electrodes. _ '

For example, when the plurality of electrodes are
stripe-shaped electrodes, an auxiliary electrode (solid
electrode) for applying a voltage to said electrodes is provided
at one end or both ends of the stripe-shaped electrodes, and
the electric field irregularity is corrected by the auxiliary'
electrode (solid electrode). Therefore, the means for
preventing particles from being forced out of the electrode
domain comprising a plurality of electrodes is preferably
provided pafticularly at a site where there is no auxiliary

electrode. . _
In the method of spraying particles according to the first

aspect of the invention, the electrode other than the plurality

of electrodes preferably has an area larger than the area of .
each of the plurality of electrodes.

Thus, when the electrode area is increased, the repulsive
force operating on particles increases. By selecting a larger
dummy electrode area than that of each of the plurality of
electrodes, a greater action is produced to turn back particles
to the electrode domain comprising the plurality of electrodes;

‘as a result, particles are more efficiently disposed also in
" interelectrode gaps at the edge portions of the electrode domain

comprising the plurality of electrodes.
In carrying out the method of spraying particles
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according to the first aspect of the invention, the one and same
voltage'is preferably applied to the plurality of electrodes
and to the elegtrode other than the plurality of electrodes.
If, for example, patterning is carried out so as to cause
electric short-circuiting in forming the plurality of
electrodes and the dummy'electfode, it is unnecessary to newly
provide an electric wire or the like for applying a voltage to
the dummy electrode, and it is unnecessary, too, to newly and
separately prepare a means for voltage application to the dummy
electrode; this is advantageous from the industrial viewpoint.
In the method of spraying particles éccording to the first
aspect of the invention, it is preferred that the electrode
other than the plurality of electrodes be a solid electrode
provided in the peripheral region of the substrate. _
Thus, by applying a voltage to the solid electrode (meéh
electrode) provided in the peripheral region of the substrate
for eliminating the height difference, it becomes possible to

'produce the effects of the first aspect of the present 1nventlon

using the conventional de51gn1ng standard without increasing
the number of steps.

In that case, any electrode, for example a solid, mesh
or block electrode, may be employed as the electrode for
applying a voltage to the region outside the electrode domain
comprising a plurality of electrodes.

Referring to Figs. 4 to 8, typical embodiments of the
first aspect of the invention are now described.

Fig. 4 is a schematic view showing a spacer sprayer to
be used in an embodiment of the first aspect of the present
invention. On the top of a tightly closed or substantially
closed clean vessel 10, there is provided a nozzle 1lla for
spraying charged spacers 8. A feeder (not shown) for feeding
spacers 8 and nitrogen gas is connected with the nozzle 11la via
a pipeline 17. Under the vessel 10, there is disposed an
insulating substrate 1 made of glass or the like and having
display electrodes 3 formed thereon, and there is also provided
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an electric wire 18 for applying a voltage to the display

- electrodes 3 for electric field formation. It is also possible

to form an electric field by means of a stage (electrode) 15
provided within the spacer sprayer in lieu of electric field'
formation by voltage application to the display electrodes 3.
In the production of liquid crystal display devices, the
spray'ing of spacers 8 is generally carried out by charging an
appropriate quantity of spacers by the charging method
mentioned above, in this case charging spacers negatively, and -

~causing them to be sprayed onto the substrate by means of

compressed air, compressed. nitrogen or the like.
Fig. 5 and Fig. 6 each is a schematic view showing an

.electrode pattern relevant in the first aspect of the J.nventlon

As shown in Fig. 5, stripe-shaped display electrodes 3 and dummy
electrodes 21, which are positioned outside the display area
and to which a voltage is to be applied, are formed on an
insulating substrate 1. Means (not shown) for voltage
application to the respective electrodes are also provided.
The means for voltage application may be auxiliary electrodes
formed for voltage application to the displa{y electrodes 3, or
voltage application to the display electrodes 3 may be directly
performed by applying probe pins to the respective électrodes.

Since the electrode domain comprising a plurality of
electrodes (display electrode area) is charged in general
(macroscopically) negatively, a repuls:.ve force (solid llne)
operates against spacers and the spacers tend to move (escape)
out of the display electrode area to the outside region where
there is no eléctric field. Nevertheless, by applying a
negative voltage to the dummy electrodes 21, it is possible,
as shown in Fig. 6, to dispose spacers with certainty also in
display electrode gaps in the display electrode end portions
otherwise causing a tendency toward spacer escaping.

The solid lines in Fig. 6 schematically show the
magnitudes of the repulsive force exerted on spacers in terms
of "upwardly convex" semicircles. Fig. 6 shows the manner of
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shifting and disposition of charged spacers to and in repulsive

force valleys.

Fig. 7 and Fig. 8 each is a schematic view illustrating.
how spacers move under the influence of a macroscopic electric

field formed on the electrode substrate. The display electrode

area is as a whole (macroscopically) charged negatively and
therefore, in the case of Fig. 8, a repulsive force is exerted
on spacers and the spacers tend to be turned out of the display
electrode area to the region where no electric field is formed.
Here, by applying a negative voltage to the dummy electrodes
21, it becomes possible to turn back the spacers and dispose
the spacers also in predetermined display electrode gaps in the
display electrode end portions to thereby maintain the
prédetermined spacer density in the display electrode end
portions and in the middle portions of the display electrodes.
. While the method of electric field control mentioned

above referring to the above embodiment is based on the
provision of dummy electrodes 21 on the substrate having display
electrodes formed thereon, another method is also available :
which comprises applying a voltage to the stage on which the
substrate having diéplay electrodes formed thereon is fixed or
to the wall of the spacer sprayer to thereby produce the same
effects. However, when dummy electrodes for controlling the
electric field are disposed on the stage on which the insulating
substrate is set, or on the wall of the particle sprayer, it

‘becomes necessary to position the insulating. substrate at a

location equivalent in relation to the dummy electrodes

- provided outside the insulating substrate. This is

unfavorable from the industrial viewpoint.

When dummy electrodes are provided on the wall of the
particle sprayer and when the insulating substrate is a dual
panel one from which two liquid crystal display devices are to
be excised, the intended effect is not produced along the

neighboring sides of the two panels.
Furthermore, when dummy electrodes are provided outside
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‘the insulating substrate, the distance from the display

electrode area increases, hence it becomes necessary to apply,
to the dummy electrodes, a voltage much higher than the x}oltage_
cénventionally applied to the electrodes. This is unfavorable
from the industrial viewpoint. _

On the other hand, by controlling the voltage applied to
the dummy electrode according to the first aspect of the
invention, it becomés possible to control also the density of
spacers disposed in the peripheral portions of the display area
and to exactly control the substrate cell thickness, which
depends on the spacer disposition density.

‘While the above embodiment is concerned with a simple
matrix type liquid crystal display device, the first aspect of
the present invention is applicable not only to such simple
matrix type liquid crystal display device but of course also
tc_) such liquid crystal display devices as ferroelectric liquid
crystal display devices or TFT type liquid crystal display
devices. _ ' -
In producing liquid crystal display devices by applying
the method of spraying particles according to the first aspect
of the invention, it is possible, by applying a voltage to an
electrode (dummy electrodes) outside the display area so that
a repulSive force may operate on spacers (particles), to form
an electric field which pushes back spacers, which tend to move
out of the display electrode area, by the macroscopic potential
gradient (gradient of magnitude of repulsive force) above the
periphery of the display electrode area; it is now possible to
dispose spacers even in interelectrode Qaps in the display
electrode end portions, where spacer disposition is difficult
to attain, with a high probability, hence it is possible to
provide higher quality liquid crystal display devices. It is
also possible to control the density of spacers disposed in the
peripheral portions of the display area and thus provide liquid
crystal display devices still more higher in display quality.

The method for producing a liquid crystal display device
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according to the second aspect of the invention comprises
spraying spacers onto at least one of a first substrate

cbmprisingatleastpattern-formingtransparentelectrodesand

having a display area and a second substrate to be disposed

opposedly above the first substrate _
and filling a liquid crystal into the space between both

the éubstrates,_

wherein accessory electrodes are provided outside the
display area :

and, in spraying positive'ly or negatively éharged spacers
onto the above substrate, two or more voltages of different
levels are applied to respective transparent electrodes,

and a voltage is applied to the accessory electrodes as
well to thereby control the electric field generated above the
transparent electrodes, _

and above the accessory electrodes so as to cause
selective spacer disposition only in predetermined transparer_lt.
electrode gaps among the gaps between respecfive neighboring
transparent electrodes. o . ..

The above-mentioned pattern-forming transparent
electrodes, substrate, spacers and spacer charging method are
the same as explained above in relation to the first aspect of
the invention. . : o

In applying the method for producing a liquid crystal
display'defice according to the second aspect of the invention
to the production of TFT type liquid crystal display devices,
transparentelectrode—freeareasareformedcnlthecolo:filter
substrate, which is a common electrode substrate, by etching
or the like at sites just below the black matrix portions aﬁd
then spacers are disposed on the substrate by the method for
producing a liquid crystal display device according to the
second aspect of the ihvention...Although.the common electrode
substrate in an ordinary TFT type liquid crystal display device
has a solid electrode, even etched area-carrying transparent
electrodes can be driven in the same manner as in ordinary TFT
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type liquid crystal display devices by applying the same voltage
to the respective electrodes.

- In accordance with the second aspect of the invention,
accessory electrpdes are provided' outside the display area and,
in spraying charged spacers, two or more voltages differing in
value are applied the respective transparent electrodes and a
voltage is applied to the accessory electrodes as well to
control the electric field generated above the transparent
electrodes and above the accessory electrodes and thereby
control the repulsive force or attractive force exerted on
charged spacers or the repulsive and attractive forces exerted
on such spacers so as to create the trough of a synthetic
repulsive force, the crest of a synthetic attractive force, or
the crest of an attractive force synthesized from a repulsive
force and an attractive force in each of predetermined
transparent electrode gaps among the gaps between respective
neighboring transparent electrodes for selective spacer
disposition only in the predetermined transparent électrode
gaps. ' ' .

The voltage to be applied to the electrodes is not
particularly restricted in kind but, for example, a direct.
current voltage, a pulse voltage may properly be used. |
The manner of applylng the two or more voltages differing
in value to the respective transparent electrodes is based on
a certain appllcatlon pattern, such that the places, at which
the electric field formed on the basis of two or more voltages
differing in value as applied to the respective transparent
electrodes exerts the strongest attractive force and/or the
weakest repulsive force on spacers, correspond to the p051tlons

of the transparent electrode gaps.

The places at whlch the strongest attractive force is
exerted are those places among the crests of a synthetic
attractlve force or the crests of an attractlve force
synthesized from a repulsive force and an attractive force as
formed in the predetermined transparent electrode gaps among
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thegapsbetweenrespectiveneighboringtransparentelect:odes
at which the attractive force acts most strongly, while the
places at which the weakest repulsive force is exterted are
those places among thé troughs of a synthetic repulsive force
or the troughs of a repulsive force synthesized from a repulsive
force and an attractive force as formed in the predetermined
transparent electrode gaps among the gaps between respective
neighboring transparent electrodes at which the repulsive force
acts most weakly.

Here, when spacers are intended to be disposed in
transparent eiectrode gaps bylnerely'applying'a voltage of the -
same polarity as the spacer charge polarity to the péttern—
forming transparent electrodes in spraying spacers, a force
(repulsive force) repelling falling spacers from the display
area to the outside of the display area acts, as shown in Fig.
1, in the substrate end portions where no transparent electrode

- exists, as explained in detail hereinabove referring to the

first aspect of the invention; in particular, in the vicinity
of the periphery of the display area, there is no repulsive force
above the substrate outside the display area, so that spacérs
to be disposed in the peripheral portions of the display area
escape outside or, when the region outside the display area is
wide, spacers are sprayed concentratedly in the region outside .
the display area, with the result that only an insufficient
number of spacers are present in the peripheral portions of the
display area, hence the cell thickness of the liquid_crystal
display device produced becomes reduced in those portions,

which may possibly lead to display unevenness or 1rregular

display on the liquid crystal display device.

On the other hand, when an electric field exertinq an
attractive force above the transparent electrodes is utilized,
a phenomenon of the electric field extending to the portions
where no electrode exists occurs, as shown in Fig. 10, since
there is an extended electric field on the periphery of the
substrate. Therefore, when a voltage reverse in polarity to
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the'spacer charge is applied to the transparent electrodés,-an
attractive force acts, thus a force drawing sprayed and falling
spacers inwardly from the outside of the display area acts and
a phenomenon occurs that the number of spacers increases in the
outermost region larger than the number in the display area.

To prevent the above two phenomena illustrated by Fig.
1 and Fig. 10, a voltage is applied to the accessory electrodes
provided outside the display area in accordance with the second
aspect of the invention, so that a repulsive or attractive force

-can be exerted on spacers from outside the display area, whereby
spacers can be prevented from going out of the display area or .

coming in from outside the display area.

As a result, spacers can be disposed selectively in
predetermined transparent electrode gaps and the spacer
disposition density can be controlled even in the vicinity of
the periphery of the display area as in the central region. Thus,
it is possible, in liquid crystal diéplay devices, to attain

| a uniform spacer disposition density within the display area

and improve the contrast by preventing light,leakage from
spacers without sacrificing the aperture ratio.

Further, when the predetermined transparent electrode
gaps in which spacers are to be selectively disposed are
provided between respective neighboring transparent _
electrodes to which the same voltage is applied, the repulsive
forces or attractive forces become equalized, said repulsive
forces or attractive forces being exerted from predetermined
two neighboring transparent electrodes upon application of two
or more voltages differing in value to- the respegtivé

transparent electrodes, on charged spacers which have moved to

the trough of a synthetic repulsive force, the crest of a
synthetic attractive force or the crest of an attractive force
sYnthesized from a repulsive force and an attractive force as
exerted on the spacers. . '

Thus, in cases where repulsive forces act on spacers, the
spacers can be' selectively disposed in each predetermined



10

15

- 20

25

30

35

37

_transparent electrode gap alone with a gobd probability in a

manner such that they are pushed by equal repulsive forces

exerted by the cbrresponding predetermined two neighboring

transparent electrodes and, in cases where attractive forces
act on spacers, in a manner such that they are attracted by.equal
attractive forces exerted by the corresponding predetermined

two neighboring transparent electrodes.

Further, wheﬁ, in cases where spacers are charged
positively, the predetermined transparent electrode gaps in
which spacers are to be.disposed'selectively are provided
between the respective neighboring transparent electrodes to
which the lowest voltage of the two or more voltages différing
in value to be applied to the transparent electrodes is applied
and, in cases where spacers are charged negatively, they are .
provided between the respectiVe neighboring transparent
electrodes to which the highest voltage of the two or more
voltages differing in value to be applied to the transparent
electrodesisapplied,thetroughofeasyntheticrepulsiveforce,
the crest of a synthetic attractive force, or the crest of an
attractive force synthesized from a repulsive force and an
attractive fbrce can be formed in each prédetermined

transparent electrode gap. _ _ .
Thus,  in the case of positively charged spacers, a

. repulsive force acts on them most weakly when the lowest voltage

applied to the predetermined neighboring transparent
electrodes is positive and, when the lowest voltage applied to
the predetermined neighboring transparent electrodes is
negative, an attractive force acts on them most strongly;'so |
that they move to the gaps between those transparent electrodes
to which the lowest voltage is applied.

In the case of negatively charged spacers, an attractive
force acts on them most strongly when the highest voltage
applied to the predetermined neighboring transparent
electrodes is positive and, when the highest voltage applied
to the predetermined neighboring transparent electrodes is
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negative, a_repulsive force acts on them most weakly, so that
they move to the gaps between those transparent electrodes to

~which the highest voltage is applied.

Therefore, spacers can be disposed selectively in the
predetermined transparent electrode gaps alone with a better

. probability.

- Further, when, in cases where spacers are charged
positively, the lowest voltage is of negative polarity or when,
in cases these spacers are charged negatively, the highest
voltage is of positive polarity, spacers move to the crest of
a synthetic attractive force or the crest of an attractive force -
synthesized from a repulsive force and an attractive force

' generated between the electrodes constituting the

predetermined transparent electrode gaps, and spacers are
further attracted by equalized attractive forces exerted by the
two neighboring transparent electrodes. |

Therefore, spacers can be disposed selectively in the'
predetermined transparent electrode gaps alone with a higher
probability.' _ :

Further, when the voltage or voltages other than the
lowest or highest one which are applied to transparent
electrodes are of the same polarity as the spacer charge
polarity, an attractive force generated between the electrodes
constituting the predetermined transparent electrode gaps and
spacers, and a repulsive force generated between other
electrodes and spacers act on spacers and the spacers are pushed
by the repulsive force generated between other electrodes and
spacers,. and attracted by the attraétive force geherated
between the predetermined neighboring transparent electrodes,
and thus move toward the crest of an attractive force
synthesized from the repulsive force and attractive force as
formed in each predetermined transparent electrode gap and are
further attracted by equalized attractive forces exerted from
the predetermined two neighboring transparent electrodes.

Therefore, spacers can be disposed selectively in the
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predetermined transparent electrode.gaps alone with a higher
probability. | _ .

When the voltage for charging spacers and the two or more
voltages applied to the transparent electrodes are of the same
polarity, a strong repulsive force is generated between the
other electrode(s) and spacers, and a Qeak repulsive force is
generated between the predetermined neighboring electrodes and
spacers, and the spacers are pushed by the strong repulsive
force generated between them and the other electrode(s), and

-move to the trough of a synthetic repulsive force exerting

between each predetermined transparent gap, and are further
pushed toward the predetermined transparent electrode gap by
the repulsive force, so that the spacers can be disposed
selectively in the predetermined transparent electrode gaps
alone with a higher probability.

In particular, this constitution makes it possible to
dispose Spacers concentratedly in the middle of each
predetermined transparent electrode gap, since spacers are
disposed in the predetermined transparent electrode gaps in a
manner such that they are pushed by a repulsive force.

Therefore, the probability of spacers being disposed in
edge portions of the predeterﬁined neighboring transparent .
electrodes can be minimized.

In cases where the electric fleld.above the display area
as a whole exerts a repulsive force on spacers, the polarlty'
of the voltage applied to accessory electrodes is selected so
that a repulsive force may be exerted on spacers and, in cases
where the electric field above the display area as.a whole exerts
an attractive force on spacers, the polarity of the voltage
applied to accessory electrodes is selected so that an
attractive force may be exerted on spacers, whereby spacers can
be inhibited from migrating out of the display area by exerting
a repulsive force, from outside the display area, on spacers
in the vicinity of the edge portions of the display area even
when the display area as a whole exerts a repulsive force on
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the spacers and, even when the display area as a whole exerts
an attractive force on spacers, the spacers occurring outside
the display area can be inhibited from coming into the display
area from the outside thereof by exerting an attractive force
thereon from outside the display area.

Therefore, it is possible to attain a.uniform spacer
disposition density,even in the vicinity of the periphery of
the display area.

Furthermore, by selecting, as the voltage applled to
accessory electrodes, the same voltage as that voltage among'
the two or more voltages differing in voltage value as applied
to the transparent electrodes, which causes the strongest
repulsive force or attractive force to exert on spacers, it is
possible to exert a sufficient repulsive or attractive force
on spacers to inhibit spacers from migrating out of and from
outside the display area. ' |

Therefore, it is possible to attain a uniform spacer

_disposition~density even in the vicinity of the periphery of

the display area.
' When the above transparent electrodes are strlpe shaped_

ones, and the accessory electrodes are dlsposed along and
parallel to the longer side of the transparent electrodes, the -
migration of spacers can be effectively suppressed on both
longersidesofthestripe-shapedtransparentelectrodes,where,;
among the four sides forming the display area, spacers tend to
readily migrate out of the display area or come into the display
area from the outside. .
Therefore, it is possible to attain a uniform spacer
disposition density even in the v1c1n1ty of the periphery of
the display area. ' |
Further, by providing the accessory electrodes according
to an electrode pattern nearly identical with that of
t:ansparent electrodes, it becomes possible not only to form
the accessory electrode and transparent electrodes
simultaneouslyusingthesameﬁmterialandtherebysimplifythe
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production process but also to produce the same electric field
above the outside of the display'area as that above the inside
of the display area and thereby attain a uniform spacer
disposition density within the display area.

By utilizing, as the accessorY'electrodes, those dummy
electrodes provided for reducing the level difference caused
by the transparent electrodes, it is possible to realize the
second aspect of the invention while applying the conventional

electrode patterns. _
Therefore, it is possible to attain a uniform spacer

- disposition den51ty even in the wvicinity of the perlphery of

the dlsplay area.
Further,byutlllzlng,astheaccessoryelectrodes,those

dummy electrodes prov1ded for some other purpose and not
applying display voltage thereto, it is possible to realize the
second aspect of the invention while utilizing the conventional
electrode patterns. '

As the above dummy electrodes, there may be mentioned
those explained hereinabove referring to the first aspect of
the invention.

Now, referring to Figs. 11 to 39, typical embodiments of
the second aspect of the invention are described.

In the production of liquid crystal display dévices,
spacer spraying is generally carried out by charging an |
appropriate quahtity of spacers by the charging method
mentioned above, and spraying and disposing them onto the
substrate by means of compressed air, compressed nitrogen or
the like, as described referring to the first aspect of the
invention.

Fig. 11 and Fig. 12 each is a schematic view showing an
electrlc pattern to be applicable in the practice of the second
aspect of the invention. As shown in Fig. 11 and Fig. 12,
stripe-shaped display electrodes 3a and 3b, auxiliary
electrodes 20a and 20b for applying a voltage to the display
electrodes 3a and 3b, respectively, and accessory electrodeé
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29 provided outside the display area are formed on an insulating
substraté 1.

Conductor wires 18, 18a and 18b are connected with the .
auxiliary electrodes 20a and 20b and accessory electrodes 29
for forming an electric field by applying voltages to the
auxiliary electrodes 20a and 20b and accessory electrodes 29.
Voltages may be applied directly to the auxiliary electrodes
20a and 20b and accessory electrodes 29 by means of probe pins
or the like without providing the conductor wires 18, 18a and
18b, or voltages may be applied directly to the display
electrodes 3a and 3b by means of probe pins or the like without
providing the auxiliary electrodes 20a and 20b.

The display electrodes 3a occur in pairs of two
neighboring display electrodes. The display electrodes 3b
occur between a pair of display electrodes 3a and another pair

- of display electrodes 3a. In Fig. 11, one display electrode

3b occurs and, in Fig. 12, two display electrodes 3b occur.

As for the accessory electrodes 29, those dummy |
electrodes which are formed also in the conventional electrode
patterns for reducing the level difference caused by the display
electrodes and controlling the liquid crystal layer thickness
to maintain its'uniformity may be utilized as the accessory
electrodes 29. | ' ' .

Those dummy electrodes which are formed in the .
conventional electrode patterns and to which no display voltage
is applied may also serve as the accessory electrodes 29.

Fig. 13 is a schematic view showing an electrode pattern
for one insulating substrate in the production of two liquid
crystal display devices from a pair of insulating substrates
in an embodiment of the second aspect of the invention. As shown
in Fig. 13, the accessory electrodes 29 are disposed only in
those areas outside each display area 30 as seen in the veftical
direction of Fig. 13. This is because the auxiliary electrodes
20a and 20b are formed in those areas outside each display area
30 as seen in the horizontal direction of Fig. 13, and the
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auxiliary electrodes 20a and 20b produce the same effect as the
accessory electrodes 29. The auxiliary electrodes 20b and the
accessory electrodes 29 are connected with each other by

- conductors, so that the same voltage is applied to. them.

By using such an electrode pattern as shown in Fig. 11
and applying voltages differing in voltage value to the
auxiliary electrodes 20a and 20b and the accessory electrodes
29, negafive (=) voltages are applied to the display electrodes .
3a and 3b and the accessory electrodes 29, wherein the voltage
applied to the display electrodes 3a is relatively higher than
that applied to the display electrodes 3b and the accessor._"y
electrodes 29, as shown in Figs. 14 to 16. Further, spacers
8 are charged negatively and then 'sprayed. _ .

In this way, it is possible to dispose spacers 8 only in
each space between the paired display electrodes 3a in a manner
such that spacers 8 can be disposed uniformly in spaces between
respective paired display electrodes 3a throughout the display
area including those spaces between respectivé pa'ired display
electrodes 3a in the vicinity of the edge portions of the display
area 30. )
Thus, as shown in Fig. 14 and Fig. 15, as the sprayed and
falling spacers 8 approach the display electrodes 3a and 3b,
repulsive forces based on the electric fields generated above
the display electrodes 3a and 3b and the accessory eléctrodes
29 act on the spacers 8, and each spacer goes awéy from the
display electrode 3b or accessory electrode 29 each exerting
a strong repulsive force on it, and moves toward the riearest
pair of display electrodes 3a generating a weak repulsive force.

.The spacer 8 that hasmoved to the display electrodes 3a is pushed

by equal repulsive forces respectively exerted by the two
neighboring display electrodes 3a, and falls between the
display electrodes 3a.

Since the display area 30 as awhole is negatively charged,
a repulsive force acts on spacers 8 in the vicinity of each edge
portion of the display area 30 and tends to move them outside
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the display area 30, as shown in Fig. 16. This movement of
spacers 8 to the outside of the display area 30, however, can
be prevented since a voltagé capable of generating a strong
repulsive force is applied to the‘accessory electrodes 29.
The semicircles in Fig. 14 and Fig. 15 schematically

-indicate repulsive forces acting on spacers 8 and the magnitude

of each repulsive force acting on spacers 8 is represented by
the size of the semicircle. The broken line schematically _
indicates the synthetic repulsive force acting on spacers 8. -

The semiellipses shown in Fig. 16 schematically indicate
repulsive forces acting on spacers 8.

In the above embodiment, spacers 8 fall into each space
between two neighboring display electrodes 3a while they are
pushed by equal repulsive forces respectively exerted by the
display electrodes 3a, so that the spacers 8 can be disposed
concentratedly in the middle of each space between display
electrpdes 3a and thus the probability that spacers 8 may be
disposed on edge areas of the display electrodes 3a can be
minimized. '

Fig. 17 is a schematic view showing an electrode pattern
for one insulating substrate in the production of two liquid
crystal display devices from a pair of insulating substrates
in an embodiment of the second aspect of the invention. As shown
in Fig. 17, the accessory electrodes 29 are disposed only in
those areas which are outside each display area 30 as seen in

'the vertical direction of Fig. 17. This is because the

auxiliary electrodes 20a and 20b are formed in those areas which
are outside each display area 30 as seen in the horizontal
direction of Fig. 17 and the auxiliary electrodes 20a and 20b
produce the same effect as the accessory electrodes 29. .

By using such an electrode pattern as shown in Fig. 11
and applying voltages differing in voltage value to the
auxiliary electrodes 20a and 20b and the accessory electrodes

'29, positive (+) voltages are applied to the display electrodes.:

3a and 3b and the accessory electrodes 29, wherein the voltage
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applied to the display electrodes 3a and the accessory
electrodes 29 is relatively higher than that'applied to the
display electrodes 3b, as shown in Figs. 18 to 20. Further,

spacers 8 are charged negatively and then sprayed.

In this way, it is possible to dispose spacers 8 only in
each space between the paired display electrodes 3a in a manner
such that spacers 8 can be disposed uniformly in spaces between’

. respective paired display electrodes 3a throughout the display

area 30 including those spaces between respective paired
display electrodes 3a in the vicinity of the'edge portions of.
the display area 30. : _
Thus, as shown in Fig. 18 and Fig. 19, as the sprayed.and

falllng spacers 8 approach the display electrodes 3a and 3b,
attractive forces act on the spacers 8, where said attractive
forces are exerted by the electric fields generated above the
display electrodes 3a and 3b and the accessofy electrodes 29,
and each spacer goes away from the display electrode 3b exerting -
a weak attractive force on it and moves toward the display
electrode 3a and accessory electrode 29 generating a strong
attractive force. The spacer 8 that has moved to the display
electrode 3a is attracted by equal attractive forces
respectively exerted by the two neighboring display electrodes
3a and falls between the display electrodes 3a.

~ Since thedisplayarea 30 as awhole ispositively charged,
an attractive force acts on spacers 8 in the vicinity of each
edge portion of the display area 30 and tends to move them into

- the display area 30 from outside the display area 30, as shown

in Fig. 20. This movement of spacers 8 from the outside of the
display area 30 into the display area 30, however, can be
prevented, and the density of spacers 8 disposed in respective
spaces between paired display electrodes 3a can be maintained
at a predetermined level since a voltage capable of generating
a strong attractive force is applied to the accessory electrodes
29. |

The semicircles in Fig. 18 and Fig. 19 schematically
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‘indicate attractive forces acting on spacers 8 and the magnitude

of each attractive force acting on spacers 8 is represented by
the size of the semicircle. The broken line schematically
indicates the synthetic attractive force acting on spacers 8.

. The semiellipses shown in Fig. 20 schematically indicate
attractive forces acting on spacers 8.

By using such an insulating substrate electrode pattern
as shown in Fig. 17 and applying, according to such an electrode
pattern as shown in Fig. 12, voltages differing in voltage value
to the auxiliary electrodes 20a and 20b and the accessory
electrodes 29, a positive (+) voltage is applied to the display
electrodes 3a and a negative (-) voltage to the display
electrodes 3b and the accessory électrodes 29, so that the
display area 30 as a whole is charged negatively, as shown in
Figs. 21 to 23. Further, spacers 8 are charged negatively and
then sprayed. B :

_ In this way, it is possible to dispose spacers 8 only in
each space between the paired display electrodes 3a in a manner
such that spacers 8 can be disposed uniformly in spaces between_
respéctive paired display electrodes 3a throughout the display
area 30 including thosenspaces between respective paired
display electrodes 3a in the vicinity of the edge portions of
the display area 30. _ _

Thus, as shown in Fig. 21 and Fig. 22, as the sprayed and
falling spacers 8 approach the display electrodes 3a and.3b,'

2 repulsive force and an attractive force act on the spacers
. 8, where both the forces are exerted by the electric fields

generated above the display electrodes 3a and 3b and the

accessory electrqdes 29'and each spacer goes away from the.
display electrode 3b or accessory electrode 29 each exerting
a repulsive force on it, and moves toward the display electrode

' 3a generating an attractive force. The spacer 8 that has moved

to the display electrode 3a is attracted by equal attractive
forces respectively exerted by the two neighboring display
electrodes 3a and falls between the display electrodes 3a.
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Since the display area 30 as a whole is negatively charged,
a repulsive force acts on spacers 8 in_ the vicinity of each edge

portion of the display area 30, and tends to move them outside

the display area 30, as shown in Fig. 23. This movement of
spacers 8 to the outside of the display area 30 can be prevented,
however, since a voltage capable of generating a repulsive force
is applied to the accessory electrodes 29. |

| The semicircles in Fig. 21 and Fig. 22 schematically
indicate repulsive forces and attractive forces acting on
spacers 8 and the magnitude of each repulsive force acting on-
spacers 8 is represented by the size of the semicircle convex
as seen from above and the magnitude of each attractive force
acting on spacers 8 by the size of the semicircle convex as seen
from below. The broken line schematically indicates the -
synthetic repulsive or attractive force acting on spacers 8.

By using such an insulating substrate electrode pattern

as shown in Fig. 17 and applying, according to such an electrode
pattern as shown in Fig. 12, voltages differing in voltage value
to the auxiliary electrodes 20a and 20b and the accessory
electrodes 29, a positive (+) voltage is applied to the display
electrodes 3a and the accessory electrodes 20, and a negative
(=) voltage to the display electrodes 3b, so that the display

area 30 as a whole is charged positively, as shown in Figs. 24

to 26. Further, spacers 8 are charged negatively and then
Sprayed. _ '

In this way, it is possible to dispose spacers 8 only in
each space between the paired display electrodes 3a in a manner
such that spacers 8 can be dispdsed uniformly in spaces between _
respective paired display electrodes 3a throughout the display
area 30 including those spaces between respective paired
display electrodes 3a in the vicinity of the edge portions of
the display area 30. _ .

Thus, as shbwn in Fig. 24 and Fig. 25, as the sprayed and
falling spacers .8 approach the-'disp'lay electrodes 3a and 3b,

. a repulsive force and an attractive force act on the spacers
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8, where both the forces are exerted_by the electric fields

.generated above the display electrodes 3a and 3b and the

accessory electrodes 29, and each spacer goes away from the

‘display electrode 3b exerting a repulsive force on it, and moves

toward the display electrode 3a and accessory electrode 29
generating an attractive force. The spacer 8 that has moved
to the displdy'electrode 3a is attracted by equal attractive
forces respectively exerted by the two neighboring display
electrodes 3a and falls between the display electrodes 3a.
Since the display area 30 as awhole is positively charged,
an attractive force acts on spacers 8 in the vicinity of each
edge portion of the display area 30 and tends to move them into
the display area 30 from outside the display area 30, as shown
in Fig. 26. This movement of spacers 8 from the outside of the
display area 30 into the display area 30, however, can be
prevented, and the density of spacers 8 dispdsed in respective
spaces between paired display electrodes 3a can be maintained
at a predetermined level since a voltage capable of generating
an attractive force is applied to the accessory electrodes 29.
Fig. 27 is a schematic view showing an electrode pattern
to be used in the practice of the second aspect of the invention.
Fig. 28 is a schematic view showing an electrode pattern
for one insulating substrate in the productlon of two liquid
crystal dlsplay devices from a pair of 1nsulat1ng substrates
in an embodiment of the second aspect of the invention. ~ As shown
in Fig. 27 and Fig. 28, the accessory electrodes 29 are disposed

_outsidé the display area 30 so as to surround the display area

30.
The accessory electrodes 29 are each connected with a

conductor wire 18 for voltage application to the accessory
electrodes 29 for electric field formation. A voltage may also
be applied directly to the accessory electrodes 29 by means of
probe pins or the like without providing such conductor wire

18. .
The display electrodes 3a occur in pairs of two
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‘neighboring display electrodes. The display electrodes 3b

occur between a pair of display electrodes 3a and another pair
of display electrodes 3a. In Fig. 27, one display electrode
3b occurs between two pairs of display electrodes 3a.

_ By using such an insulating substrate electrode pattern -
as shown in Fig. 28 and applying, according to such an electrode
pattern as shown in Fig. 27, voltages differing in voltage value
are applied to the display electrodes 3a and 3b and the accessory
electrodes 29, a positive (+) voltage is applied to the display
electrodes 3a, and a negative (-) voltage is applied to the .
displéy electrodes 3b and the accessory electrodes 29; so that
the display area 30 as a whole is charged negatively, as shown
in Figs. 29 to 31. Further, spacers 8 are charged negatively
and then sprayed. '

In this'way, it is possible to dispose spacers 8 ohly in
each space bétween the paired display electrodes 3a in a manner
such that spacers 8 can be disposed uniformly in spaces between
respective pairedrdisplay electrodes 3a throughout the display
area 30 including those spaces between respective paired |
display electrodes 3a in the vicinity of the edge portions of
the display area 30. o

' Thus, as shown in Fig. 29 and Fig. 30, as the sprayed and
falling Spacers 8 approach the display electrodes 3a and 3b, -
a repulsive force and an attractive force act on the spacers
8, where both the forces are exerted by the electric fields
generated above the display electrodes 3a and 3b and the

- accessory electrodes 29, and each spacer goes away from the

display electrode 3b or accessory electrode 29 each exerting
a repulsive force on it and moves toward the display electrode
3a generating an attractive force. The spacer 8 that has moved
to the display electrode 3a is attracted by equal attractive
forces respectively exerted by the Itwo neighboring display
electrodes 3a and falls between the display electrodes 3a.
Since the disp'lay area 30 as a whole is in a state
equivalent to the state of being negatively charged, a repulsive
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force acts on spacers 8 in the vicinity of each edge portion
of the display area 30, and tends tomove themoutside the display
area 30, as shown in Fig. 31. This movement of spacers 8 to
the outside of the display area 30 can be prevented, however, -
since a voltage capable of generating a repulsive force is

applied to the accessory electrodes 29.
Fig. 32 is a schematic view showing an electrode pattern

to be used in the practice of the second aspect of the invention.
As shov;vn in Fig. 32, auxiliary electrodes 20a and 20b are formed
on an insulating substrate 1 for voltage application |
respectively to the display electrodes 3a and 3b and

'stripe-shaped display electrodes 3a and 3b. Further,

additional display electrodes 3a and 3b are formed outside the
display area 30 so that the display electrodes 3a formed outside
the display area 30 may serve as acceSsory electrodes 29a and
the display electrodes 3b formed outside the display area 30
may be served as accessory electrodes 29b. )

_ Conductor wires 18a and 18b are connected with the
auxiliary electrodes 20a and 20b for electric field formation
by applying voltages to the auxiliary electrodes 20a and 20b.
Voitages may be applied directly to the auxiliary electrodes
20a and 20b by means of probe pins or the like without providing

‘the conductor wires 18a and 18b, or voltages may be applied
~directly to the display electrodes 3a and 3b and to the accessory

electrodes 29a and 29b by means of probe pins or the like without
providing the auxiliary electrodes 20a and 20b. |
The display electrodes 3a occur in pairs of two
neighboring display electrodes. The display electrodes 3b
occur between a pair of display electrodes 3a and another pair
of display electrodes 3a. In Fig. 32, one display electrode

3b occurs.
The accessory electrodes 29 are disposed only in those

areas outside the display area 30 as seen in the vertical
direction of Fig. 32. This is because the auxiliary electrodes
20a and 20b are formed in those areas outside the display area
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30 as seen 'in the horizontal direction of Fig. 32, and the
auxiliary-electrodes 20a and 20b prodtice the same effect as the
accessory electrodes 29. ' '
By applying voltages differing in voltage value to the
auxiliary electrodes 20a and 20b according to such an electrode
pattern a.s shown in Fig. 32, negative (-) voltages are applied
to the display electrodes 3a and 3b and the accessory electrodes
29a and 29b in a manner such that a'relatively higher voltage
is applied to the display electrodes 3a and accessory electrodes
2%9a as compared with"the display electrodes 3b and accessory

- electrodes 29b, as shown in Figs. 33 to 35. Further,. spacers

8 are charged negatively and then sprayed. _

In this way, it is possible to dispose spacers 8 only in
each space between the paired display electrodes 3a in a manner
such that spacers 8 can be disposed uniformly in spaces between

'respective paired display electrodes 3a throughout the display

area 30 including those spaces between respective paired
display electrodes 3a in the vicinity of the edge portions of
the display area 30. - :

Thus, as shown in Fig. 33 and Fig. 34, as the sprayed ahd
falling spacers 8 approach the display electrodes 3a and 3b,
a repulsive force acts on the spacers 8, where said force is
exerted by the electric field generated above the display
electrodee 3a and 3b and accessory electrodes 29, and each
spacer goes away from the display electrode 3b exerting a strong
repulsive force on it, and moves toward the display electrode
3a generating a weak repulsive force. The spacer 8 that has
moved to the display electrode 3a is pushed by equal repulsive
forces respectively exerted by the two neighboring display
electrodes 3a, and falls between the display electrodes 3a.

Since the electrode pattern as a whole is negatively
charged, the repulsive force acting on spacers 8 in the vicinity
of each edge portion of the electrode pattern tends to move them
outside the display area 30, as shown in Fig. 35. Since, however,
it is accessory electrodes 29a and 29b that are located in the
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vicinity of each edge portion of the.electrode pattern as seen
in the vertical direction of Fig. 35, it does not matter if no
spacer 8 is disposed in the vicinity of the edge portions of

. the electrode pattern. In other words, the display area 30 is

located in the middle of the electrode pattern, so that spacers
8 can be disposed at a predetermined density in the display area
3. |

By using such an insulating substrate electrode pattern
as shown in Fig. 17 and applying, according to such an electrode
pattern as shown in Fig. 11, voltages differing in voltage value
to the auxiliary electrodes 20a and 20b and the accessory
electrodes 29, a positive (+) voltage is applied to the display
electrodes 3a and 3b and accessory electrodes 29 in a manner
such that a relatively higher voltage is applied to the display
electrodes 3b and accessory electrodes 29 as compared with the
display electrodes 3a, as shown in Figs. 36 to 38. Further,

~spacers 8 are charged positively and then sprayed.

In this way, it is possible to dispose Spacers 8 only in

"~ each space between the paired display electrodes 3a in a manner

such that spacers 8 can be disposed uniformly in spaces between

. reSpective paired display electrodes 3a throughout the display

area 30 including those spaces between respective paired
display electrodes 3a in the vicinity of the edge portions of
the dlsplay area 30.

Thus, as shown in Fig. 36 and Fig. 37, as the sprayed and
falling spacers 8 approach the display electrodes 3a and 3b,
a repulsive force act on the spacers 8, where said force is
exerted by the electric field generated above the display
electrodes 3a and 3b and accessory electrodes 29, and each
spacer goes away from the. display electrode 3b and accessory
electrode 29 both exerting a strong repu151ve force on it and
moves toward the display electrode 3a generating a weak
repulsive force. The spacer 8 that has moved to the display .
electrode 3a is pushed by equal repulsive forces respectively |
exerted by the two neighboring display electrodes 3a and falls
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between the display electrodes 3a.
Since the display area 30 as awhole is positively charged,

a repulsive force acts on spacers 8 in the vicinity of each edge
portion of the display area 30, and tends to move them outside
the display area 30, as shown in Fig. 38. This movement of
spacers 8 to the outside of the display area 30, however, can

be prevented since a voltage capable of generating a strong

repulsive force is applied to the accessory electrodes 29.
In the above embodiment, spacers 8 fall into each space
between two neighboring display electrodes 3a while they are .
pushed by equal repulsive forces respectively exerted by the
displaylelectrodes 3a, so that the spacers 8 can be disposed
concentratedly in the middle of each space between display
electrodes 3a and thus the probability that spacers 8 may be
disposed on edge areas of the display electrodes 3a can be

- minimized.

While several embodiments of the second aspect of the
lnventlon have been described hereinabove, the second aspect
of the invention is not limited to the embodiments described
but the same effects as mentioned above can be produced, with
negatively charged spacers 8, based on the relation between
relatively higher and lower voltages according to the present
invention, as shown in Fig. 39. .

Fig. 39 is a schematic representation of the relation
between the relative level of the voltage applied to the dis'play
electrodes and the magnitude of the repulsive or attractive
force exerted on spacers 8 by the voltage'in the case where
spacers 8 are negatively charged.

The relatively higher or lower voltage and the voltage °
polarity are shown in terms of + or -, with the earfhlvoltage
of 0 V at which no repulsive or attractive force acts on spacers
8 being taken as the reference voltage.

Thus, according to Fig. 39, +300 V, for instance, is a
voltage relatively lower than +500 V and -300 V is a voltage
relatively higher than ~500 V. '
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Between a display electrode and a spacer 8 separated by
a certain distance from each other, the electric field formed
above the display electrode exerts a repulsive force or
attractive force upon the spacer 8 depending on the polarity
of the voltage applied to the display electrode. According to
Fig. 39, where the spacer 8 has a negative polarity, a repulsive
force is produced when the voltage is of negative polarity (-)
while an attractive force is generated when the voltage is of
positive polarity. The magnitude of this repulsiw}e becomes .
greater as the voltage shifts to the more negative (-) Polaljity
side while that of the attractive force becomes greater as the
voltage shifts to the more positive (+) polarity side.

Thus, +500V, for instance, produces a greater attractive
force than +300 Vwhile -500V pr_dduces a greater repulsive force
than -300 V. ' '

In cases where spacers 8 are charged positively, an
attractive force is exerted in lieu of a repulsive force and
vice versa. Thus, a voltage of negative (-) polarity gives rise
to an attractive force while a voltage of positive (+) polarity
gives rise to a repulsive force. And, this attractive force
becomes greater as the voltage shifts to the more negative (-)
polarity side, while the repulsive force increases as the
voltage shifts to the more positive (+) side.

Thus, +500 V, for instance, préduces a greater repulsive
force than +300 V while -500 V produces a greater attractive
force than -300 V.

According to the definition of the relative lével of
voltage as made herein, a voltage is lower when it is on the
more negative (-) polarity side, and a voltage is higher when
it is-on the more positive (+) polarity side, as shown in Fig.
39, irrespective of the magnitude of force acting on spacers
8. N

Thus, +500 V is defined as a higher voltage than +300 v,
and -500 V is defined as a lower voltage than -300 V.

This definition also applies to cases where spacers 8 are
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charged positively. Thus, +500V is defined as a higher voltage
than +300 V, and -500 Vv is defined as a lower voltage than -300
V.

Now, referring to Fig. 40 and Fig. 41, troubles
encountered when no accessory electrodes are provided are
explained. '

Fig. 40 is a schematic view showing the state of the
display area 30 being as a whole charged negatively when no-
accessory electrodes 29 are provided. As shown in Fig. 40, the
display area 30 as a whole is charged negatively, so that when
spacers are negatively charged and sprayed, a repulsive force
acts on the spacers 8. '

In the middle of the display area 30, spacers 8 are
subjected to repulsive forces uniformly from around and
therefore the spacers 8 undergo only the influence of a local
electric field and are disposed'between the paired display
electrodes 3a. In the vicinity of each edgé portion of the
display area 30, however, they undergo a repulsive force due
to the electric field above the display area 30 as a whole and
migrate to the outside of the' display area 30 where no electric .
field is formed. Thus, a trouble arises that spacers 8 are
hardly disposed in a predetermined amount in those display
electrode (3a) gaps in the vicinity of the edge portions of the .
display area 30. -

On the other hand, Fig. 41 is a schematic view showing -
the case in which the display area 30 as a whole is charged
positively but no accessory electrodes are provided. As shown
in Fig. 41, an attractive force acts on spacers 8, when they
are charged negatively and sprayed, since the display area 30
as a whole is positively charged.

In the middle of the display area 30, spacers 8 are
subjected to attractive forces uniformly from around and
therefore the spacers 8 undergo only the influence of a local
electric field and are disposed between the paired display
electrodes 3a. In the vicinity of each edge portion of the
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display area 30, however, they undergo an attractive force due
to the electric field above the display area 30 as a whole and
migrate from the outside of the display area 30, where no
electric field is formed to the inside of the display area 30.
Thus, a trouble arises that spacers 8 are more abundantly than
a predetermined amount in those display electrode (3a) gaps in
the vicinity of the edge portions of the display area 30.

' In the embodiments mentioned above, the electric field
is controlled by providing accessory electrodes 29 on the
insulating substrate having display electrodes formed thereon.
There is another method available by which it is also possible
to produce the same effects, said method comprising providing
accessory electrodes 29 on a stage for fixing thereon the
insulating substrate with display electrodes formed thereon or
on the wall of the spacer sprayer, and applying a voltage
thereto.

According to the second aspect of the invention, it is
also posSible to adjust the density of spacers disposed in the-
vicinity of the edge portions of the display area 30 by adjusting.
the voltage applied to the accessory electrodes .29, and it is
further possible to finely control the liquid crystal léyer'
thickness of the llquld crystal dlsplay device by controlllng

the space disposition density. .

Furthermore, while, in the above embodiments, simple
matrix type liquid crystal display devices are employed, the
second aépect of the invention is not limited to simple matrix
type liquid crystal display devices, but can of course be
applied to the production of ferroelectric liquid crystal
display devices, TFT type liquid crystal display devices and ,
like liquid crystal display devices as well. |

The method for producing a liquid crystal dlsplay device
according to the third aspect of the invention comprises

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
a dummy electrode and a second substrate to be disposed
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opposedly above the first substrate

and filling a liquid crystal into the space between both .
the substrates, _ _ '

wherein, in spraying positively or negatively charged
spaéers onto the substrate, two or more voltages differing in
voltage value are applied to respective transparent electrodes
and a voltage is applied to the dummy electrode as well,

the predetermined transpareﬁt electrode gaps in which

'spaéers are to be selectively disposed are provided between

respectiﬁe'two neighboring transparent electrodes,

the number of transparent electrodes is even,

and the two or more voltages_differing in value are
applied in a manner such that when the spacer charge polarity
is positive (+), the lowest of the two or more voltages differing
in value is applied to the respective two neighboring
transparent electrodes between which spacers are to be disposed
in the middle, and when the spacer charge polarity is negative
(=), the highest of the two or more voltages differing in value
is applied to the respective two neighboring transparent
electrodes between which spacers are to be disposed in the
middle. _ _

The above transparent electrodes, dummy electrédes/
substrate, spacers and spacer charging method are the same as
described referrihg to the first aspect of the invention. The. '
method for producing a liquid crystal display device according |
to the third aspect of the invention can be applied to the |
production of TFT type liquid crystal display devices, as -
explained hereinabove referring to the second aspect of the
invention. |

The predetermined transparent eleétrode gaps in which
spacers are to be selectively disposed are those transparent
electrode gaps to the transparent electrodes of which the lowest
of the two or more voltages differing in value applied to the
transparent electrodes is applied when spacers are charged
positively (+), and the predetermined transparent electrode
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gaps'are those transparent electrode gaps to the transparent
electrodes of which the highest of the two or more voltages

' differing in value applied to the transparent electrodes is

applied when spacers are charged negatively (-).
When, for example, strong repulsive forces and weak

'répulsive forces are arranged regularly as shown in Fig. 14,

each trough or crest of a synthetic repulsive force occurs in
the middle of a region of transparent electrodes exerting a weak
repulsive force or of a region of transparent electrodes
exerting a strong repulsive force (such a region as shown in
Fig. 9).

Therefore, in the case of Fig. 14, spacers are disposed
in the middle of weak repulsive forces and therefore it is only .
necessary that the space between transparent electrodes be
there. For achieving this, the number of transparent
electrodes exerting a weak repulsive force should be even; in
that case, the centerline of the relevant region corresponds
to the space between the relevant transparent electrodes. -

Further, when repulsive forces and attractive forces are
arranged regularly as shown in Fig. 22, each trough or crest
of the synthesis of a repulsive force and an attractive force

" occurs in the middle of a region of transparent electrodes

exerting a repulsive force or of a region of transparent

-electrodes exerting an attractive force (such a region as shown

in Fig. 9). _ :

Therefore, in the case of Fig. 22, spacers are disposed
in the middle of attractive forces and it is only necessary that
the centerline between transparent electrodes be~there. For
achieving this, the number of transparent electrodes exerting
an attractive force should be even; in that case, the centerline
of the relevant region corresponds to the space between the
relevant transparent electrodes. '

If, however, the number of transparent electrodes
exerting a weak repulsive force is odd in the case of Fig. 14
or the number of transparent electrodes exerting an attractive
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force is odd in the case of Fig. 22, each location where spacers
are disposed occurs on thé centerline of a transparent
electrode. '

In cases where the spacer charge pqlarity is negative (=),
the voltage application to the transparent electrodes is
carried out by providing a common conductor line (A) which is
connected with one of the two ends of each transparent electrode,
to which the highest voltage is to be applied, and applying the
highest voltage by means of the conductor line (A), while
providing a common conductor line (B) which is connected with
one end, on the opposite side of the one end mentioned above,
of the two ends of each transparent electrode, to which a lower
voltage is to be applied, and applying the lower voltage by means
of the conductor line (B) ahd, in cases where the spacer charge
polarity is positive (+), the voltage application to the

'transparent electrodes is carried out by providing a common

conductor line (A) which is connected with one of the two ends

" of each trarisparent electrode to which the lowest voltage is

to be applied and applying the lowest voltage by means of the .
conductor line (A) while providing a common conductor line (B)
which is connected with one end, on the opposite side of the

.one end mentioned above, of the two ends of each transparent

electrode to which a higher voltage is to be applied and applying
the higher voltage by means of the conductor line (B) ..

' For example, by usin_g such comb-shaped electrodes having
a 2:1 structure as shown in Fig. 42 and applying the highest
voltage to the conductor line (A), and a voltage lower than the
above voltage to the conductor line (B) when the spacer charge
polarity is negative (-), it is possible to dispose spacers in
spaces or gaps (a). After spacer-diéposition, the conductor
lines (A) and (B) are cut off along the dotted lines in the figure,
to give stripe-shaped transparent electrodes. '

As mentioned above, the third aspect of the present
invention makes it possible to dispose spacers in
interelectrod‘e spaces where no transparent electrode exists,
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namely at sites of within the black matrix, by applying, in
spacer spraying, two or more voltages differing in value to the
pattern-forming transparent electrodes.

- 1f, in spacer spraying, no voltage is applied to the dummy
electrode and two or more voltages differing in value are simply
applied to the transparent electrodes, respectively, the
phenomenon of the number of spacers increasing or decreasing'
in the vicinity of the periphery of the display area is observed,
as detailedly described hereinbefore referring to the first and -
second aspects of the present invention; and the spacer
distortion varies, the cell thickness varies and the display
on the product liquid crystal display device becomes uneven,

" as explained hereinabove referring to the first and second

aspects of the present invention.

For preventing these phenomena, a voltage is applied to
the dummy electrode as well accordlng the third aspect of the
present invention, whereby the 1rregular1ties in the number of
spacers disposed as observed between the inside of the display
area and the vicinity of the periphery thereof can be prevented
from occurring, hence the irregularities in cell'tnickness
caused by the above irregularities can be dissolved As a
result, liquid crystal display devices uniform in display

characteristics can be obtained.
The dummy electrodes are the same as those mentioned -

hereinabove referring to the first aspect of the present

-invention.

In the following, mention is made of the voltage
application to the dummy electrodes.

The voltage to be applied to the dummy electrode is
preferably within the range between the highest and the lowest
of the two or more ifoltages differing in value which are applied

“to the transparent electrodes. Thus, the number of spaces

disposed is caused to decrease or increase in the dummy
electrode sections by extending the electric field formed above
the transparent electrodes and comprising relatively high
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voltage (+ (positive)) and relatively low voltage' (-
(negative)) regions to above the dummy electrodes, as shown in
Fig. 43. As a result, spacers are disposed uniformly in the

display area.
The voltage application to the dummy electrodes is

. preferably carried out by connecting one of the conductor lines

(A) and (B) with the dummy electrodes.

For example, by connecting the conductor line (B) with
the dummy electrodes, as shown in Fig. 44, it becomes possible
to apply the same electric potential to the conductor line (B)
and the dummy electrodes. While, in the case shown in Fig. 44,
the conductor.line (B) is formed as an electrode integrated with
the dummy electrodes, the conductor line (A) may be formed as
an electrode integrated with the dummy electrodes or, further, '
the conductor line (A) or (B) and the dummy electrodes
separately and independently provided on the substrate may be

‘connected with each other by wiring.

The voltage application to the dummy electrodes can also
be carried out by connecting all dummy electrodes formed on the

substrate with one another.

For example, by wiring to thereby connect all dummy
electrodes formed on the substrate with one another, as shdwn
in Fig. 45, it becomes possible to apply the same electric

potential to all the dummy electrodes.

The method for producing a liquid crystal display device

~according to thé fourth aspect of the present invention

comprises

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
a dummy electrode and a second substrate to be disposed

opposedly above the first substrate
and filling a liquid crystal into the space between both '

the substrates,

wherein, in spraying positively or negatively charged

'spacers onto the substrate, the substrate is disposed in close
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contact with an earthed conductive stage,
a conductor is provided in a state electrically isolated -
from the conductive stage,.
said conductor being a conductive. frame having an opening .
and said conductive frame being disposed on the periphery
of the substrate with or without partial overlapping with the

substrate periphery,

and wherein a voltage is applied to the transparent
electrode and the conductive frame. '

The above pattern-forming transparent electrodes,
substrate, spacers and spacer charging method are the same as
explained referring to the first aspect of the invention. As
explained referring to the second aspect of the invention, the
method for producing a liquid crystal display'dgvice according
to the fourth aspect of the invention can be applied to the -
production of TFT typé quuid crystal display devices.

In accordance with the fourth aspect of the inverntion,
spacers can be disposed in electrode gaps, without any trouble
in spacer disposition, even when an electric field exerting a
repulsive force is formed above the pattern-forming transparent
electrodes by applying a voltage of the same polarity as the
spacer charge polarity to the pattern-forming transparent'
electrodes in a state such that fhe substrate with the black
matrix formed thereon is in close contact with the conductive
stage. - |

If, here, a voltage is merely applied to the transparent

‘electrodes, the phenomenon of the number of spacers increasing

or decreasing in the vicinity of the periphery of the display
area is observed, as explained in detail referring to the first
and second aspects of the invention, causing variations in
spacer distortion and in_cell thickness in the production of
liquid crystal display devices and causing uneven display of
the liquid crystal display devices. '
It is conceivable that the distribution of spacers in the
display area and the region outside the display area might be
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controlled by using' a dummy electrode generally used for

preventing the build-up of static electricity on the substrate
and applying a voltage of the same polarity as the transparent
electrode polarity to the dummy electrodes to thereby render
the repulsive force resulting from the electric field above the
substrate uniform all over the substrate. For realizing this

. method, however, it is necessary -tha{: the dummy electrodes be

present also in the outside of the display area to thereby secure

- a sufficiently wide range for spacer spraying. This is

unfavorable from the space viewpoint.

For preventing these phenomena, the substrate is disposed
in close contact with an earthed conductive stage, and a
conductor is provided in a state electrically insulated from
the conductive stage in spraying positively or negatively
charged spacers according to the fourth aspect of the invention.
The conductor is a conductive frame having an opening and is
disposed on the periphery of the substrate with or without
partial overlapping with the substrate periphery, and a voltage
is applied to the transparent electrode and the conductive frame.
as well to thereby form an electric field outside the substréte
as well which is almost the same as that within the substrate.
The range of the repulsive force above the substrate is thereby
extended and the risk of the number of spacers increasing or
decreasing is absorbed in the region outside the substrate, so
that the display area can become uniform with respect to the
number of spacers. ' _

The earthed conductive stage preferably has a volume
resistance value of not more than 1 x 10" Qcm. When the volume

_ resistance value is in excess of 1 x 10* Qcm, the whole substrate

becomes close in electric potential to the transparent
electrodes, with the result that the accuracy of spacer

disposition becomes poor.
Since if there is an electrically floating electrode,

spacers are sprayed concentratedly thereon, the method of
applying a voltage of the same polarity as the spacer charge
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polarity to the transpareht electrodes formed on the substrate
is preferably carried out by applying the voltage to all
transparent electrodes to thereby eliminate the occurrence of
such electrically floating electrode.

The material of the above conductor is not particularly
restricted but may be, for example, a metal such as aluminum,
iron, copper or stainless steel; or a resin rendered cohductive
by coating with a metal or the like. The conductor may be made
of a laminate prodﬁced- by placing a thin metal foil or sheet,
such as aluminum foil or copper foil, on a resin layer.

In the case of multipanel substrates for producing a
plurality of liquid crystal panels per glass substrate, the
shape of the above conductor may be such that it has openings

'corresponding to the respective display areas.

The method of insulating the above conductive stage from
the conductor is not particularly restricted but, for example,

‘an insulator, such as a resin, may be insulated therebetween,

or a space is provided therebetween for attaining insulation
by air. _
The method of voltage'applicatioh to the substrate is nétl
particularly restricted but, for éxample, may be the method
comprising providing a dummy electrode around the linear
transparent electrodes on the substrate, as shown in Fig. 2,
connecting the dummy electrode with the linear transparent
electrodes and carrying out voltége application to the dummy
electrode via the conductive frame in a state electrically
insulated from the conductive stage on which the substrate is
disposed. The method of voltage application from the
conductive frame to the dummy electrode is not particularly
restricted but may be, for example, the method comprising
forming a needle-like body or bodies extending from the
conductive frame.- ' ' .
The voltage to be applied to the transparent electrodes
on the substrate and to the conductive frame preferably has a
value of several hundred to several thousand volts. When the
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voltage applied to too low, it becomes difficult to control the
route of falling of spacers. If the voltage appliedis toohigh,
short-circuiting may occur between the transparent electrodes
and the black matrix when the latter is a conductive one.
The conductor mentioned above may be made from a flat
conductor or from a net-, bar- or wire-like conductor. When
it is made from a flat sheet conductor, the sheet may be processed
by perforation or the like to produce a structure for improving -
the flow of air. ' '
Now, referring to Figs. 46 to 51, specific embodiments
of the method for producing a liquid crystal display device
according to the fourth aspect of the invention are described.
Fig. 46 shows an embodiment of the fourth aspect of the
invention for dual-panel substrates. A conductive frame is
formed on the conductive stage while placing a resin or like _
insulator identical in thickness to the first substrate. The
conductive frame is disposed in a state overlapping with the

_periphery of the substrate. - In this way, the conductive frame

overlaps with the periphery of the substrate and can be disposed
without leaving any gap. ' : o

In an embodiment of the fourth aspect of the invention,
which is shown in Fig. 47, a conductive frame, which is provided
with an opening identical in shape and size with the substrate,

-is placed on the conductive stage with an insulator sandwiched

therebetween. '

When a voltage of the same polarity as the'transparent
electrode polarity is applied to the conductive frame, the range
of the repulsive electric field is enlarged and the risk of the
number. of spacers increasing or decreasing is absorbed in the’
conductor frame portion, hence the distribﬁtion of spacers’
within the display area becomes uniform. ‘

The mechanism of disposition of the above conductive
stage and conductive frame may be such that the conductive frame

prepared separately be put on the stage from above or they be

hinged together for closing and opening.
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Fig. 48 shows the state of sprayed spacers in the method
for'producing'a liquid crystal display device according to the
fourth aspect of the invention, wherein repulsive forces_are:
utilized. | | N

In the case of Fig. 47, for'instance, the rahge of the
repulsive force-exerting electric field can be enlarged by
voltage application to all the stripe-shaped transparent
electrodes, dummy electrode (s) and conductive frame and,
therefore, the uniformity of the display area can be improved.
The electrode structure to be employed in this case is as shown
in Fig. 2 or.Fig. 3. ' . |

When the dummy electrode is connected with the
transparent electrodes, it becomes possible to carry out
voltage applicatien to the dummy electrode via the conductive
frame electrically insulated from the conductive stage on which |
the substrate is disposed. _

The voltage application to the dummy electrode from the
conductive frame'can be carried out, for example, by forming
a'needle—like_body en the flat sheet surface facing the
substrate on the conductive frame, on the conductive frame-
forming flat sheet or on a side of the conductive frame, as shown
in Fig. 49 or Fig. 50. _ '

In some instances, depending on the distance between the
conductive frame and display area, the uniformity may not be
secured unless a voltage differing'from.the voltege applied to
the transparent electrodes is applied to the conductive frame.

| When, for example, repulsive forces are utilized for
spacer dispeeition and the display area is away from the
conductive frame, as shown in Fig. 51, spacers may escape into
the space therebetween. Insucha case, it is necessary to apply,
to the conductive frame, a voltage producing a repulsive force

.strongef than that within the display area to thereby repel

spacers oppositely toward the periphery of the display area

utilizing the repulsive force. _
In accordance with the method according to the fourth
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aspect of the invention which comprises effecting spaber
charging and applying a voltage to the transparent electrodes
to tﬁereby dispose spacers in interelectrode gaps, the falling
of spacers is controlled by disposing a conductive' frame

 (conducting frame) on the periphery of the substrate and

applying a voltage thereto, so that spacers can be dlsposed all
over the substrate, to give a uniform cell gap and high quality

-display cha_racteristics ‘without display unevenness.

After completion of spacer spraying, the above conductive
frame is removed and, thereafter, a liquid crystal display

‘device can be produced by dispdsing a second substrate opposedly’
-to the first substrate in the conventlonal manner and fllllng

a liquid crystal into the space therebetween.

The method for producing a liquid crystal display device
according to the fifth aspect of the present invention comprises

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
an alignment layer and having a display area and a second
substrate to be disposed opposedly above the first substrate

and filling a liquid crystal into the space between both
the substrates ' :

* wherein, in s_praying positi'vely or negatively charged
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage,

a voltage having the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the
substrate, - _ _ _

a conductor is provided, outside the display area, in a
state electrically :Lnsulated from the conductive stage,

‘and a voltage having the same polarity as the polarlty :

of the voltage applied to the transparent electrodes is applied

to the conductor to thereby form an electric field outside the
substrate as well which is almost the same as the electric field

within the substrate. _
The above transparent electrodes, substrate, spacers_and '
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spacer charging method are the same as those described
hereinbefore referring to the first aspect of the invention.
The method of liquid crYstal display device according to the

" fifth aspect of the invention can be applied to the production

of TFT type liquid crystal display devices, as explained
hereinabove referring to the second aspect of the invention.
When, for'example, -the substrate compri‘sing at least
pattern-forming transparent electrodes and an alignment layer
and having at least one display area is not earthed oris disposed
in close contact with a conductive 'stage_,' which is not earthe.d,
as éhown in Fig. 52, and a voltage of the same polarity as the
charge polarity of charged spacers is applied to the
pattern—forming transparent electrodes on the substrate in

' spraying charged spacers, the resulting electric field'is

nearly uniform (as shown in Fig. 52 as an equipotential surface
at a certain electric potential), hence no selective spacer -
disposition is effected. ' .

- On the other hand, when the substrate is disposed in close
contact with an earthed conductive stage, as shown in Fig. 53,

-and a voltage of the same polarity as the charge polarity of

charged spacers is applied to the pattern-forming transparent
electrodes on the.subStrate, the electric potential lowers
above each transparent électrode gap (as shown in Fig. 53 as
a certain equipotential surface at a certain electric
potential), hence spacers can be disposed in the transparent
electrode gap under the action of a repulsive force.
However, in cases where an electric field is formed by
the voltage applied to the pattern-forming transparent
electrodes and a repulsive force acts on spacers, the phenomenon
of the number of spaéers decreasing in the vicinity of the

- periphery of the d'i.splay area is observed and, as explained

referring to the first and second aspects of the invention, the
spacer distortion becomes varied and the cell thickness varies
in the method for producing a liquid 'crystal display device and
the display on the product liquid crystal display device becomes
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uneven. _
The cause of such an increase or decrease in number of

spacers in the vicinity of the periphery of the display area
is as follows. When spacers are intended to be disposed in
transparent electrode gaps by applying a voltaige of the same
polarity as the spacer charge polarity to the pattern-forming a
transparent electrodes, a force (repulsive force) acts on
falling spacers to repel them from within the display area to
the outside of the display area, as shown in Fig. 1, Fig. 52

and Fig. 53. In particular, in the vicinity of the periphery

of the display area, spacers to be disposed in the peripheral
portions of the display area escape to the outside since there
is no repulsive force above the substrate portions outside the
display area and, when the region outside the display area is
large, spacers are disposed concentratedly in the region
outside the display area. '

For preventing these phenomena, 'the fifth aspect of the
invention comprises disposing, in spraying positively or
negatively charged spacers onto the substrate, the substrate
in close contact with an earthed conductive Stage, applying a
voltage of the same polarity as the spacer charge polarity to
the transparent electrode on the substrate, providing, outside |
the display area, a conductor in a state electrically insulated
from the conductive stage, and applying a voltage of the same
polarity as that of the voltage applied to the transparent
electrodes to thereby form an electric field on the outside of.
the substrate almost same as the electric field within the
substrate. The result is that the range of the 'effective
repulsive force above the substrate is enlarged, the increase
or decrease in number of spacers is absorbed in the region
outside the substrate, and the number of spacers becomes uniform
within the display area. ' '

The earthed conductive stage, the method of applying a
voltage of the same polarity as the spacer charge polarity to

the transparentl electrodes formed on the substrate, the
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material of the conductor, the shape and size of the conductor,
the method of insulating the conductor from the _conductive stage,

| the method of voltage application to the substrate, the voltage

values to be applied to the transparent electrodes on the
substrate and to conductive frame, and the method of forming
the conductive frame are the same as those mentioned hereinabove

.referrlng to the fourth aspect of the invention.

The voltage to be applied to the conductive fra.me is
preferably approximately the same as or higher than the voltag_e :
applied to the ltransparent electrodes. If the voltage applie'd_-
to the conductive frame is lower than that applied to the

‘transparent electrodes, the decrease in number of spacers on

the perlphery of the substrate cannot be prevented.

- In cases where different voltages are applied to the
conductlve frame and the transparent electrodes, terminals from
dlfferent voltage supply apparatus are connected with them,
respectively. - _

'Referring to Fig. 55 to 60, specific examples of the '
method for producing a liquid crystal display device according
to the fifth aspect of the ihvention are now described.
| Fig. 55 is a schematic view illustrating the relation
between the substrate and conductive frame, in the method for
producing a liquid crystal display device according to the fifth
aspect of the invention. In accordance with the fifth aspect
of the invention, the conductor is a conductlve frame having
greater outer dimensions as compared with the substrate, as
shown in Fig. 55, and has an opening greater in size than the
display area but smaller in size than the substrate. The
conductive frame is disposed with or without overlappinkj with
the peripheral portions of the substrate, and a voltage of the

' same polarity as that of the voltage applied to the transparent
electrodes is preferably applied to the conductive frame.

The above conductive stage and conductive frame may be
formed either individually or partitionedly on one and the same
insulating flat sheet, as shown in Fig. 56. |
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The position where the above conductive frame is to be

.-formed is not particularly restricted but may be, for exampl_e,

above the substrate plane, on the same level as the substrate

or conductlve stage, or below the conductive stage.

In cases where the opening of the conductive frame is -
smaller in size than the substrate and the conductive frame is.
placed on the substrate, as shown in Fig. 55 (1), or in cases
where'the openi'n.g of the conductive frame is identical with the
substrate and the upper surface of the conductive frame is on
the same level as the substrate surface,_ as shown in Fig. _55 :
{2), for instance, no particular preblem arises if the
conductive frame is greater than the substrate and condilctive
stage; it is only hecessary that the insulation of the
conductive stage from the conductive frame be secured.

In cases where the opening of the conductive frame is
smaller in size than the substrate and the conductive frame is
placed on the 'substrat'e, the conductive frame itself serves as -
a mask and, therefore, spacers will not be disposed |

" concentratedly in the peripheral region of the substrate where

there lS no transparent electrode.

'In cases where the opening of the conductlve frame is
identical in size with the substrate and the upper surface of
the conductive frame is on the same level as the substrate
surface, however, no repul'si\?e force acts above the peripheral

‘region of the substrate where no transparent electrode exists,

so that spacers may be dlsposed on the perlpheral region of the
substrate in a locally concentrated manner. When the

_conductive frame is smaller than the conductive stage, spacers

may be disposed in a locally concentrated manner on the
protruding portions of the conductive stage. _
- The above local concentration of spacers means the escape
of spé'cers from the periphery of the display area to the sites
of concentration. This causes a decrease in number of spacers
on the periphery of the display area and, as a result, the ceil
thickness may possibly become irreguiar in the product liquid
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crystal display device.
In cases where the conductive frame is J.ocated on the

substrate, the substrate can come into full contact with the
conductive stage. The size of the conductive stage is not
particularly restricted but, for example, may be greater or

smaller than the substrate size. _ | |
~ As regards the spacer disposition, the electric potential

- above each transparent electrode gap is lowered and an electric

field suited for the disposition is formed by disposing the
substrate into close contact with.the conductive stage.'
Therefore, in cases where the conductive frame is disposed on
the lower (reverse) side of the substrate, the conductive frame
is in contact with the under (reverse) surface of the substrate,
so that the electric potential of the substrate in the contact
region rises and the spacer disposition quality may become poor. _'
as the case may be.

It is preferred that the above conductlve stage be not
greater in size than the substrate but large enough to cover

- the region outside the parting l:Lnes and the conductive frame

upper surface be on almost the same level as the conductive stage
surface, as shown in Fig. 55 (3), or the conductive frame be
disposed at a position lower than the conductive stage, as shown
in F1g 55 (4). ' | |

' The parting lines are those lines based on which the first
and second substrates, after panel alignment, are cut.

In cases where the dummy electrodes are provided in the
region outside the display area on the substrate, the region
outside the parting lines is the dummy electrode region, as
shown in Fig. 59. ' '

When the conductive frame upper surface is on the almost
same level as the conductive stage surface, the substrate comes
into contact with the conductive frame, as shown in Fig. 55 (3).
When the conductive frame is disposed_'at a position lower than |
the cohductive stage, a state arises such that the end portions
of the substrate'are apart from the frame, as shown in Fig. 55
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(4) . | ' |

By disposing the conductive frame in such a position, it
becomes possible to dispose spacers uniformly in a desired
manner all over the substrate and prevent spacers from being
di'sposed ina locally concentrated manrier even in the peripheral
portioris of the substrate where no transparerit electrode exists,
owing to the influence, from below, of an electric field formed

- by the conductive frame.

It is preferred that the above conductive stage be not
greater in size than the substrate but large enough to cover

the region outside the parting lines, and the conductive frame

be formed outside so as to extend from the region outside the
parting lines, to the outside of the substrate, as shown in Fig.
57, with the area occupied by the conduc't'ive stage and that by
the conductive frame in the region outside the parting lines
being [area occupied by conductlve stage] > [area occupied by :

conductive frame].

In the above case, the conductive frame may be disposed
in contact with the substrate or out of contact with the
substrate. ' _ |

Fig. 59 is a schematic view 1llustrat:|.ng the plcture frame
state of the black matrix, in the method for producing a liquid
crystal display device according to the fifth aspect of the
invention. At least one of the first substrate and the second
substrate to be disposed opposedly above the first substrate -
is a color filter substrate for liquid crystal display device
production and has a black matrix formed thereon, as shown in
Fig. 59. The black matrix is partitioned within the display
area to give lattice- -forming pixels. _

The above black matrix defines the display area in the
manner of a picture frame. That picture frame state is formed

by a region where no black matrix portion exists. In some

instances, the black matrix may remain as a solid mask or masks
also in the dummy electrode portion or portions outside the
picture frame. In such cases, the black matrix site is almost
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' -'idehtical with the region comprising transparent electrodes.

- Chromium is most often used as the material for forming
the black matrix (such black matrix is also called "conductive
blackmatrix). Withacolor filter substrate Ifor liquidcrystal
display device production having such a constituti'on, even when
a conductive stage smaller than the region where a black matrix
made of chromium is formed, the effect of the earthed conductive
stage is obtained in the whole region of the black matrix and

- the electric potential of the black matrix is lowered, so that

the black matrix region can reflect the effect of the conductive

Therefore, even when the conductive stage is smaller than

the substrate, an electric field suited for spacer disposition

is formed in the region occupied by the black matrix.

When, for forming the picture frame state of the black
matrix on the above substrate, a black matrix-free region is
formed, the black matrix pbrtion occurring in the display area
is separated from the black matrix portion or portions in the
dummy electrode region or regions outside the display aréa, SO

‘that the effect of the earthing of the conductive stage differs

between the dlsplay'area inside and the dummy electrode region
or regions. _

It is therefore necessary that the size of the conductiVe
stage be such that it covers the picture frame region of the
black matrix, the black matrix-free region and the dummy
electrode region or regions. When this requirement is
satisfied, the state of spacer disposition on the whole
substrate becomes uniform. ' '

If, in forming the conductive frame almost on the same
level as the conductive stage, as shown in Fig. 55 (3), the
substrate is set on the conductive frame, the substrate comes
into contact with both the conductive stage upper surface and
the conductive frame upper surface.

In that case, the under51de (back) of the peripheral
region of the substrate is locally exposed to the earth
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potential and an electric potential from the conductive frame.
In particular, in this vicinity, the black matrix within the

~display area is separated from the black matrix in the dummy

electrode region or regions, so that the separated outside
region or regions undergo a unique influence different from the

- effect on the display area.

Therefore, in this case, the separated dummy electrode
region or regions -should have an electric p_otent:.al- close to
the earth potential. For that purpose, it is necessary' that,
as shown in Fig. 57, the area occupied by the conductive stage
and that occupied by the conductive frame within the dummy
electrode region or _regions be as follows: [area oCcupied by
conduct_ive’ stage] > [area occupied by conductive frame].

If the relati_ons' between the areas occupied by the

‘conductive stage and conductive frame within the dummy

electrode region or regions becomes [area occupied by -
conductive stage] < [area occupied by conductive frame], the
electric potentlal rlses in each transparent electrode gap in
said region or regions, making spacer dlspos1t10n difficult.

It is preferred that the above conductlve stage be not
greater in size than the substrate but extend to the regions
outside the parting lines, and that the conductive frame _be
formed outside the transparent electrodes without overlapping
with the regions outside the parting lines, as shown in Fig.
. .- : . _ _ -

In other words, it is required that the conductive frame
be formed at places not included in any dummy electrode region.

At such locations, the electric potential of the conductive

frame will not affect the black matrix, hence spacers will not
be locally concentrated in the peripheral region of the

substrate. . _ _
On the other_ hand, in cases where, among the above-

- mentioned positional relations between the conductive stage and

35

- conductive frame, the conductive frame is positioned below the

conductive stage, the regions outside the parting lin.e_s do not
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dlrectly contact with the conductlve frame, as shown in F1g.
55 (4). _
In that case, since the substrate endiportions are not
earthed, the electricﬁpotential rises in those,portions and no
local spacer concentration occurs on the substrate end

portions. . . _
In some cases, the material of the above black matrix is

-made of a composition comprising a pigment dispersed in a resin,

other than chromium. Since such composition has a low
cohductivity, the conductive stage may fail, in certain
instances, to producelthe same effect as produced in the case
of a chromium black matrix. _ | _
When, in such a case, the conductive frame is disposed
below the substrate, it’is,preferred:that, as shown in Fig. 60,
the conductive stage be almost identical in size with the region .

-in which the transparent electrodes exist, and that the end
portions of the conductive frame be formed within the

transparent electrode-free reglon. .
In this manner, the conductive stage is caused to exist o
in the region comprising transparent electrodes to form an

.electricfieldsuitedforspacerdisposition. On the other hand,

the transparent electrode-free region is caused to contact with

the conductive frame or to be free from the conductive stage,

to thereby prevent the potential drop in the end portions of
the substrate and thus prevent spacers from being sprayed in

a locally concentrated manner. ' _

By forming a similar electric field above the region_'
outside the display area, as mentioned above; in carrying out
the method for producing a liquid crystal display device
according to the fifth aspect of the invention, it becomnes
possible to dispose spacers uniforﬁly all over the substrate,
so that the liquid crystal display device obtained by that
method can have a uniform cell thickness and high quality
display performance characteristics without show1ng dlsplay
unevenness. - '
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The method for producing a liquid crystal display device
according to the sixth aspect of the invention comprises

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
an -alignment .layer'and having one or more display areas and a
second substrate to be disposed opposedly above the first

substrate
and filling a liquid crystal into the space between both

‘the substrates,

wherein, in 's'praying positively or negatively charged

| spacers'onto the substrate, the substrate is disposed in close

contact with an earthed conductive stage smaller in size than
the substrate to allow the substrate perlphery to be apart from

the conductlve stage,
and a voltage of the same polarlty as the spacer charge

' polarlty is applied to the transparent electrodes on the

substrate. _
The above 'transpafent electrodes, substrate, spacers and
spacer charging method are not particularly restricted but may
be the same as those mentioned hereinabove 'refer:ing to the
first aspect of the invention. The method for producing a

- liquid crystal display device according to the sixth aspeet of

the invention can be applied to the production of TFT type liquid

'crystal display devices, as explained hereinabove referring to

t:he second aspect of the invention. _

' If, inpracticing the six aspect of the present invention, '
a voltage of the same polarity as the spacer charge polarity
is merely applied to the transparent electrodes in spraying |
spacers, the phenomenon of the number of spacers increasing or
decreasing in the'vicinity of the periphery of the display area

is observed, as explained in detail referring to the fifth

aspect of the invention, and, in the process of liquid crystal
display device production, the spacers undergo distortion in
various ways, causing variations in cell thickness, with the

result that the product liquid crystal display device shows |
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display unevenness, as explained hereinabove referring to the
first and second aspects of the invention. '
~Further, since a voltage of the same polarlty as the |
spacer charge polarity is applied to the transparent electrodes '
within the substrate, a -rep_ﬁlsive force acts on spacers above |
the display area and, on the other hand, since the conductive
stage is at the earth potential, an attractive force acts on
the charged spacers and, as a result, those spacers in the |
peripheral region of the substrate tend to escape Ifrom within
the substrate by the effects of both of the repulsive force from
within the substrate and the attractive force from the |
conductlve stage, as shown in Fig. 61. _

- For preventing these phenomena, the sixth a'spect of the
invention comprises, in spraying poeitiﬁely or negatively
charged spacers onto t_he substrate, di'sposing the substrate in
close contact with an earthed conductive stage smaller in size

~than the substrate to thereby maintain the peripheral region _

of the substrate apart from the conductive stage, as shown in
Fig. 62, and applying a voltage of the same polairity as the spacer
charge polarity to the _traris’parént electrodes on the substrate.
Thereby, the effect of earthing from _the conductive stage upon
the substrate end portions is weakened, and the electric ‘
potential on the transparent electrodes tends to become rather
more influential, so that the number of spacers to be disposed _
in the peripheral portions of the substrate can be pr'evented

'from decreasing as compared with the case in which the
' conductive stage is greater in size than the substrate.

The earthed conductive stage, the method of applying a

‘voltage of the same polarity as the spacer charge polarity to
‘the transparent electrodes formed on the substrate, the '

material of the conductor, the shape and size of the conductor,
the method of insulating the conductive stage from the conductor,
the method of voltage application to the substrate, the voltage

- values to be_applied to the transparent electrodes on the -

substrate and to the conductive frame, and the method of forming )
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the conductive frame are the same as those mentioned hereinabove
referring to the fourth aspect of the invention. | '

The state of the peripheral region of the substrate being
apart from the conductive stage is the state in which the edges
of the substrate are protruding from the conductive stage '
surface, as shown in Fig. 62.

Specific embodiments of the sixth aspect of the invention
are now described. _

The substrate onto which spacers are to be sprayed may

have a black matrlx formed thereon, as in the fifth aspect of

the invention. T_he same effects as mentioned above can be
obtained i'rrespective of whether the black matrix is an
insulating one or a conductive one.

It is preferred, however, that the black matrix is
conductive, and the conductive stage comprise one or more parts
each smaller in size than the picture frame p_eriphery of the

black matrix in each display area on the substrate. . In such
‘a case, the number of spacers to be disposed in the peripheral

portions of the substra_te can be more satis,factorily_inhibited
from decreasing.

With a color filter substrate for llquld crystal dlsplay
device production which has such a constitution as mentioned

"hereinabove in detail referring to the fifth aspect of the

invention, the effect of the earthed conductive stage is

" produced all over the whole region of the conductive black

matrix, and the el_ecitric potential on the conductive black
matrix lowers even when a conductive stage smaller than the

_ region in which the conductive black matrix is formed is used.
- The conductive black matrix region can thus reflect the effect

of the conductive stage.

Therefore, even when the conductlve stage is smaller than
the substrate, an electric field suited for spacer disposition
is formed in the region in which the conductlve black matrix
exists. : .

Since, on that occasion, that region which is out'side the
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picture frame of the conductive black matrix is not earthed,

_the electric potential of the glass portion of the substrate

is influenced by the voltage applied to the transparent
electrodes, and said electric potential rises in the direction
approaching to the electric potential of the transparent '
electrodes. The state in which the region outside the picture
frame of the conductive black matrix is not earthed is
encountered, for example, when there is a portio'n of the black
matrix but the portion is separated from the picture frame by
a parting line, o r when there is no conductive black matrix
portion outside the picture frame of the cohductive black
matrix. .

When, in that state, the electric potential within the

display area is compared with that outside the display area,

a higher electric potential owing to the high voltage applied
to the transparent electrodes and a lower electric potential
in each transparent electrode gap exist within the display area.

On the other hand, when a dummy electrode is formed, the
dummy electrode and the substrate glass portion both have a high
electric potential, as shown in Fig. 63. Thus, from the whole
substrate viewpoint, a high electric potentia'l region is formed
outside the display area and a low electric potentlal reglon
is formed within the display area. _

Therefore, the high electric potential region outside the
display area serves as a wall of repulsive force and thus
inhibits spacers within the display area from escaping to the
outside of the display area. As a result, the number of spacers .
within the display area becomes uniform and the cell thickness '
is thereby rendered uniferm, with the result that the product
liquid crystal display device shows uniform dlsplay
characterlstlcs.

Even in cases where the substrate onto which spacers are
to be sprayed is a dual-panel one havlng a number of display
areas formed thereon, the same effects as mentioned above can
be produced for all display areas, if the black matrix is
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conductive, by providing a plurality of conductive stages eac'h_

‘having a size such that each stage lies within the picture frame

periphery of the black matrix in each display area.

In the above case, a plurality of conductive stages may
respectively be 'dispo'sed corresponding to the plurality of
display areas or grooves may be formed on a single conductive

‘stage to give a _pluralit‘y of conductive stages.

The area of contact between the above conductive stag’e :
and substrate is preferably not less than 30% of the area of
the display area. '

In cases where a conductive black matrix is formed as
mentioned above, the conductive black matrix reflects the |
effect of the conductive stage even if the conductive stage is
smaller than the black matrix region. As a result, an electric
field suited for spacer disposition is forméd._ _

However, if the area of contact between the conductive
stage and display area (black matrix region) is too small, the
effect of earthing will become' weak. Therefore, for forming

- an electric field suited for spacer di'spositiOn above the

display area, the area of contact between the conductive stage _'
and substrate should preferably be not less than 30% of the area
of the display area on the substrate. When it is less than 30%,

- the effect of earthing becomes weak, the electric field suited

forspacerdispositiohdisintégratesandthespacerdisposition
in the peripheral reg_ibn of the dis_play area becomes difficult.
The particle sprayer according to the seventh aspect of
the invention is intended for selectively disposing charged
particle on a substrate having a'plurality'of_electrodes,
said particle sprayer comprising ' '
a nozzle for spraying charged particles onto the
substrate, | _
a conductive stage.having_a fixed position and serving
to hold the substrate onto which charged particles are to be .
sprayed, _ - ' . |
a plurality of push-up pins for mounting the substrate
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on and dismounting the substrate from the conductive stage, a :
probe for applying a voltage identical in polarity with'the
charged particles to a plurality of electrodes on the substrate
disposed on the conductive stage,

and a conductor electrically insulated. from the o
conductive stage, said condnctor being_ a conductive frame

' provided with an opening smaller in size than the substrate,

disposed on the top of the substrate disposed on the conductive
stage and being applied a voltage of the same polarity as the
charged particle polarity thereto.

The above transparent electrodes, substrate, particles
and particle charging method are the same as those mentioned '
hereinabove referring to the first aspect of the invention.

The earthed conductlve stage, the method of applying a
voltage of the same polarlty as the spacer charge polarity to
the transparent electrodes formed on the substrate, the
material of the conductor, the shape and size of the conductor,
the method of insulating the conductive stage from the conductor,
the method of voltage application to the substrate, the voltage
values to be applied to the transparent electrodes on the -
substrate and to the conductlve frame and the method of formlng :
the conductive frame are the same as those mentioned hereinabove
referring to the fourth aspect of the invention.

The particle sprayer according to the seventh aspect of
the invention can be applied to the production of liquid crystal
display devices and, in that case, those spacers mentioned in
reference to the first aspect of the invention 'may be used as

- the partlcles.

Here, it is desirable that the probe and conductor can
move up and down in synchronization with each other or

‘integrally with each other and/or, further, that the probe,

conductor and push—up pins can be driven in synchronizationwith
one another by a single derlng mechanism.

It is preferred that one and the same voltage is applled _
to the plurality of electrodes and the conductor
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* simultaneous ly.

Specific embodiments of the seventh aspect of the

~ invention as applied to the production of liquid crystal display .

devices are now described referring to Figs. 64 to 68.

Fig. 64 shows a schematic sectional view of an example
of the particle sprayer éccording to the seventh aspect of the
invention, Fig. 65 is an explanatory view showing the manner
of feeding'and carrying-out of the substrate in operating the
sprayer shown in Fig. 64, Fig. 66 is an enlarged explanatory
view of the essential parts of the sprayef shown in Fig. 64,
and Fig. 67 is an explanatory plan view showing the relation

: betwe_en the substrate and conductive frame.

As shown in Fig. 64, the particle sprayer comprises a -

particle tank 11lb for feeding spacers, which are particles to

be sprayed onto a substrate, together with an air flow, a pipe -
17 for carrying, by means of an air flow, the spacers supplied
by the particle tank 11b to thereby cause the spacers to be
charged' as a result of their contacting with the pipe inside
wall on the way to the site of spraying, a chamber 10 for Spraying

.the spacers onto the substrate. The chamber 10 has, at its lower

part, a driving mechanism 31 for driving a conductive frame,
a probe, push-up pins and so'fdrth, which are to be described
later herein, in the vertical direction and, onits side, a robot .
mechahism 32 for feeding the substrate onto which spacers are
to be sprayed into the chamber 10 and taking out the substrate
having spacers sprayed thereon from within the chamber 10.

. The chamber 10 is equipped, at its top, with a nozzle 1la
for spraying the charged spacers fed through the pipe 17 from
the particle tank 11b uniformly over a predetermined spacef

- spraying range 33 while swinging and, at its lower part, with
a conductive stage 15 for holding the substrate 1 for liquid

crystal display device production as mounted thereon. This
conductive stage 15 is disposed at a fixed position. relative

'to the chamber 10, and the spacers sprayed from the nozzle lla

fall onto and are disposed on the substrate 1 held by the top
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surface of the conductive stage.

The conductive stage 15 holds the substrate 1 placed
thereon and, above this substrate 1, there is disposed
vertically movably a conductive frame 34 which is to be
overlapped and laid on the upper surface of the substrate 1.

' This conductive frame 34 is a thin plate~like conductor or a _

thin plate-like body coated with a conductive material and has
a size sufficiently greater than the spacer spraying range 33
of the nozzle 1la and has an opening 34a, which is greater than
the display area of the substrate 1 but smaller than the
substrate 1 for exposing the display .electrode domain
comprising the transparent electrodes 3 on the substrate 1, as
shown in Fig. 67. - -

- It is preferred that this opening 34a be greater than the -
display area of a liquid crystal display device produced from
the substrate 1 and other parts but be smaller than the dummy
electrode region formed outside the display electrode 'region
comprising display electrodes 3 for producing an antistatic
effect, among others.

Above the conductive frame 34, there is a probe 35 which

is movable up and down in synchronization with the conduc'tiv_e"

frame 34 and presses its tip or point to a transparent electrode
3 (preferably a dummy electrode) on the substrate 1 and thereby
applies a voltage to the transparent electrodes 3. This probe
35 lS connected, together with the conductlve frame 34, with '
a voltage application apparatus 12 (cf. F1g. 64) and serves to
apply a predetermined voltage having the same polarity as the
spacer charge polarity to the transparent electrodes 3 on the
substrate 1 and conductive frame 34. o : | .
Here, a force is preferably exerted on the probe 35 in
a downward direction by means of a spring (not shown) so that
the probe may stably contact with a transparent electrode 3 on
the substrate 1. When a downward force is exerted on it, it
may be fixed to the conductive frame'34, as shown in Fig. 66,

or, when the same voltage is applied to the conductive frame
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34 and the transparent electrodes 3 on the substrate 1, a
conductor connector (not shown) may be provided as the probe
35,' which is connected with the transparent electrodes 3 on the
substrate 1 disposed in contact with the lower surface of the
conductive frame 34. :

For feeding the substrate 1 to be mounted on and.held.by
the upper surface of the conductive stage 15 or taking out the
substrate 1, a plurality of push-up pins 36 extending through
the conductive stage 15 are provided so that they may push up
the substrate 1 and enable insertion of arms 32a of the robot
mechanism 32, as shown in Fig. 65. ' -

These push-upjplns 36 push up the substrate 1 and enable
insertion of the arms 32a of the robot mechanism 32 and, further,
peel the substrate 1 from the conductive stage 15
electrostatically kept in intimate contact therewith by'the
voltage applied in spacer spraying by the nozzle lla While
introducing air from the surroundings of the substrate.
Preferably, those pins which push up the periphery of the
substrate have a slightly greater 1ength'and'those pins which
push up the middle of the substrate have a slightly shorter
length so that air introduction from around the perlphery of
the substrate may be facilitated.

For facilitating the peeling of the substrate 1 from the
conductive stage 15, it is also possible to prov1de the

 conductive stage 15 with air holes (not shown) and feed air to
between the conductive stage 15 and substrate 1 therethrough.

In that case, it is no more necessary to make those push-up pins
36 on the substrate periphery longer. '

By providing such air holes, 1t is also possible to
facilitate the peellng of the substrate 1 by blowing air
therethrough in pushing up the substrate l_by means of the
push-up pins 36 after bring the substrate 1 into intimate
contact with the conductive stage by evacuation therethrough .
in mounting and holding the substrate 1 on the upper surface
of the conductlve stage 15.
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The push-up pins 36 and conductive frame 34 are cohn_ecte_d
with the single driving mechanism 31. In accordance with the
seventh aspect of the invention, this driving' mechanism 31 is
a flat plate-like one"disposed below the conductive stage 15.
When this flat plate-like driving mechanism 31 is moved up and
down by means of a driving source (not shown), the push-up pins
36 and conductive stage 34 move up and down accordingly.

In feeding the substrate 1 or t-akihg out the same, it is .

' necessar_y to first raise the conductive frame 34 to make it .

possible to raise the push~up pins 36 and then raise the push—-up
pins 36 to thereby peel and lift the substrate 1 off from the

conductlve stage 15.
‘For this purpose, according to the seventh aspect of the

. 1nventlon, measures are taken so that a gap A may be formed

between the substrate 1 and push—up plns 36 when the driving
mechanism 31 is in its descended state, as shown in Fig. 66.
Thus, when the driving 'mechanism 31 is raised, the co'nductive
frame 34 alone is raised in the beginning and, after the rise

. of the conductive frame 34 by the gap A, the push-up pins rise

to contact with the substrate 1 and then peel off the same from
the conductive stage 15 and l1ift the same.

By separating, in .the above manner, the substrate 1 from
the conductive frame 34 by the gap A in the raised state of the
driving mechanism 31, a sufficient gap is secured to slightly
raise the arms 32a so that the substrate 1 may be out of contact
with the push-up pins 36 in the step of feeding or taking out

- the substrate 1 by means of the robot mechanism 32.

A typical example of the layout of the push-up pins 36,
the push—up shafts 34b of the conductive frame 34 and the arms '
32a of the robot mechanism 32 is shown in Fig. 67. As shown
in Fig. 67', a number of push—-up pins 36 are prefera_bly provided
so that the substrate 1 may not be damaged in the step of peeling

the substrate 1 off from the conductive stage 15.

The push-up shafts 34b of the conductive frame 34 are
desirably disposed around the substrate 1 or conductive stage
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15 so that they may not interfere with the latter. The arms

32a of the robot mechanism 32 are drawn by imaginary lines on
the left of Fig. 67. The arms 32a formed as a plurality of.

" branches so that they may not interfere with the push-up pins

36 or with the push-up shafts 34b of the conductive frame 34
are provided with sucking cups 32b for sucking and holding the
substrate 1. _ =

Fig. 68 is an explanatory view showing an equipdtential
line 37 observed when a voltage is applied.to the conductive
frame 34 and the transparent electrodes 3 on the substrate 1.

As shown in Fig. 68, the electric potential is higher above the

conductive frame 34 and transparent electrodes 3 and it is lower,
in each gap between electrodes (interelectrode gap), namely in

‘each gap between neighboring transparent electrodes and in each

gap between the conductlve frame 34 and the nelghborlng
transparent electrode 3.

Since the spacers sprayed from the nozzle 11a are charged
and have the same polarity as the polarlty of the voltage applied
to the conductive frame 34 and transparent electrode.domaln 3,
the spacers fall while being repelled by:_the repulsive force

~exerted by the electric field above the substrate, move toward
 the positions where the electric potential is low, and drop

concentratedly 1n interelectrode g'aps, namely the gaps between
respective transparent electrodes and gaps between the
conductive frame 34 and the respective neighboring transparent

electrodes 3. _ _ .
_ In the region outside the conductive frame 34, which are
far away from the spacer spraying range 33, no spacer drops

outside the conductive frame 34 even if there is repulsion by

a repulsive force. The spacers sprayed from the nozzle 11a thus
fall only onto the transpare'nt electrode gaps and the gaps
between the conductive frame 34 and the respective neighboring
transparent electrodes 3. ' _

The voltages to be applied to the conductive frame 34 and
transparent electrodes 3 can be selected so that spacers fall
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conductive frame 34 and the respective neighboring transparent
electrodes 3 with an appropriate prbbability. By selecting one
and the same voltage and selecting the gap distance between the
neighboring transparent electrodes 3 and between the conductive
frame 34 and the neighboring transpai:ént electrodes 3 so that
spacers may fall therein with an appropriate probab_ility,- it
is possible, in gradually applying the voltage to or removing
the same from the transparent electrodes 3 on the substrate 1

_ and the conductlve frame 34, to s:Lmultaneously apply the voltage.

to them or remove the same therefrom and thus facilitate the
voltage control on the powér source apparatus 12.

Some typical embodiments of the seventh aspect of the
invention have been described above. It istobe noted, however,
that the seventh aspect of the invention is not limited to these
embodiments but various modifications and variations can of
course be made without departing from the spirit of the seventh:

- aspect of the invention.

- The eighth aspect of the inventéion is related to the
llq‘llld crystal dlsplay device produced by using the method of
spraying particles according to the first aspect of the
invention.

The ninth aspect of the invention is related to the liquid
crystal display device produced by the method for producing a
liquid crystal display device according to. the second or third
aspect of the invention. |

The tenth aspect of the invention is related to the liquid
crystal display device produced by the method for producing a
liquid crystal display device according to the fourth, fifth
or sixth aspect of the invention whilé using. the particle
sprayer according to the seventh aspect of the invention.

The liquid crystal display device according to the eighth,
ninth or tenth aspect - of the invention is uniform in cell
thickness and show high quallty display characterlstlcs w1thout
display unevenness. i
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BEST MODES FOR CARRYING OUT THE INVENTION _
The fol'lowing examples illustrate the 'present invention
in further detail. They are, however, by no means limitative
of the scope of the invention. ' |

Example 1 ,

A pair of soda glass-made insulating substrates each
havihg an outer size of 370 x 480 mm and a thickness of 0.7 mm
were used. On one of the insulating substrates 1, there were
formed RGB color fllters 4 with a black matrix 5, which is a
llght shleldlng layer, and an overcoat 6 for protectlng the
color filters 4. On the overcoat 6 were formed stripe-shaped
di‘spléy electrodes 3 made of ITO and further an aligninent layer
9 made of a polyimide resin. After alignment treatment, a
sealing material 24 was applied by the technique of screen:
printing. Glass beads to serve as spacers 25 within the sealing
material was incorporated in the sealing material 24.

On the other 1nsulat1ng substrate 1, there were formed, )

as shown in Fig. 5 and Fig. 69, 285-um-wide stripe-shaped

- display electrodes 3 made of ITO.and having a thickness of 300 -

nm at intervals of 15 zm. Auxiliary electrodes 20 were further -
formed for voltage application to the display electrodes 3,
dummy electrodes 21 were formed along the sides where there was _
no auxiliary electrode 20 and, furi:hei:, an insulating layer 23
and an alignment 1ayei: 9 made of a polyimide resin were formed.
In some instances, the insulating layer 23 _heed not be formed.
Here, the dummy electrodes 21 were electrically connected
together by means of a ¢onductive material (effective in
reducing the number of power supplylng parts). In Fig. 69,
dummy electrodes 21 are disposed only along the upper, lower

-and right sides of the effective display area. This is because

there are the auxiliary electrodes 20 for voltage application
to the display electrodes outside the left side of the effective
display area and this produces the same effect as the dummy
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electrodes 21 produces. :
Using synthetic resin partlcles, BBS-60510-PH (productj
of Sekisui Fine Chemical), as spacers, these were charged

' negatively and sprayed onto said other insulating substrate 1.

On that occasion, a voltage of -2 kV was applied to the display

- electrodes 3 and to the dummy electrodes 21 (cf. Fig. 5).

As a result, spacers 8 could be disposed only in the gaps
between display electrodes 3. The select_ivity of disposition-
of spacers 8 in _interelectrode'gaps was impro_ved' as compared
with the case in.whioh no dummy electrode 21 was provided.

Then, the insulating substrates 1 forming a pair were
lapped over each other, hot-pressed at 180°C-and 0.8 kg/cm® and
post-baked at 150°C. Thereafter, trimming was performed for -
removing unnecessary portions, whereupon the auxiliary

"electrodes 20 and dummy electrodes 21 were cut off. Then, a

liquid crystal 7 was poured therebetween to give a liquid
crystal display device (shown in Fig. 70) in which the pair of
insulating substrates were bonded together.

Example 2 o

A pair of soda glass-made insulating substrates each-
having an outer size of 370 x 480 mm and a thickness of 0.7 mm
were used. On one of the 1nsulat1ng substrates 1 there were
formed RGB color filters 4 with a black matrix 5, which is a
light shielding layer, and an overcoat 6 for protecting the
color filters 4. On the overcoat 6 were formed stripe-shaped _
display electrodes 3 made of ITO and further an allgmnent layer
9 made of a polylmlde resin. After alignment treatment, a
seallng material 24 was applied by the technique of screen

- printing. Glassbeads to serve as spacers 25 within the sealing
material was incorporated in the sealing material 24.

On the other insulating substrate 1, there were formed,

as shown in Fig. 11 and Figs. 13~-16, 285-um-wide stripe-shaped
display electrodes 3a and 3b made of ITO and having a thickness
of 300 nm at intervals of 15 gmn. Auxiliary electrodes 20a and
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20b and accessory electrodes 29 were formed and, further, an -
insulating layer 23 and an alignment layer 9 made of a pol'yil_nide'
resin were formed. The insulating layer 23 need not be formed
in some instances. _ - |

Using synthetic resin particles, BBS-60510-PH (product
of Sekisui Fine Chemical), as spacers, these were charged
negatively and sprayed onto said other insulating substrate 1.

‘On that occasion, a voltage of -500 Vwas applied to the display

electrodes 3a and =700 V to the display electrodes 3b, to produce
a potential difference' of 200 V between the display electrodes
3a and 3b. The same voltage as that applied to the display_'
electrodes 3b, namely -700 V, was applied to the accessory
electrodes 29 (cf. Fig. 11 and Figs. 13-16).

As a result, spacers 8 could be disposed only in the gaps

between dlsplay electrodes 3a and the density of spacers

disposed in the gaps between display electrodes 3a, inclusive
of those gaps between display electrodes 3a in the vicinity of

the periphery of each display area 30, could be rendered uniform

within the display area 30. _
Furthermore, spacers 8 could.be disposed concentratedly
in the middle of each gap between display electrodes 3a and the
probability of spacers 8 being disposed in the edge portions
of the display electrodes 3a could be reduced. | _
Then,' the insulating sub_strates 1 forming a pair were
lapped over eaeh other, hot—preséed at 180°C and 0.8 kg/cm® and
post-baked at 150°C. Thereafter, trimming was performed for
removing unnecessary portions, whereupon the auxiliary

‘electrodes 20a and 20b and accessory electrodes 29 were cut off.

Then, a liquid crystal 7 was poured therebetween to give a liquid"
crystal display device (shown in Fig. 70) in which the pair ._of

. insulating substrates were bonded together.

Example 3
Spacers 8 were sprayed in the same manner as in Example
2 except that +500 V was applied to the dlsplay electrodes 3a
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and +300 V to the display electrodes 3b on the other ins_ulating
substrate 1, to give'a potential difference of 200 V between
the display electrodes 3a and 3b while the same voltage as

applied to the display electrodes 3a (+5'OO_V) was applied to

 the accessory electrodes 29 (cf. Fig. 11 and Figs. 17-20).

As a result, spacers 8 could be disposed only in the gaps-
between display electrodes 3a, and the density of spacers
disposed in the gaps between display electrodes 3a, inclusive
of those gaps between display electrodes 3a in the vicinity of
the periphery of each display area 30, could be rendered uniform
within the 'dieplay area 30. '

Thereafter, a liquid crystal display device was
manufactured in the same manner as.in Example 2.

Example 4 _ .
Spacers 8 were sprayed in the same manner as in Example 2 except _
that +50 V was applied to the display electrodes 3a and -150
V to the display electrodes 3b on the other insulating substrate
1, to give a potential difference of 200 v between the display
electrodes 3a and 3b while -100 V was applied to the accessory
electrodes 29 by connecting a conductor wire 18 therewith (cf.
Fig:. 12, Fig. 17 and Figs. 21-23). | |

As a result, spacers 8 could be disposed only in the gaps |
between display electrodes 3a and the density of spacers
disposed in the gaps between display.electrodes 3a, inclusive
of those gaps between display electrodes 3a in the vicinity of
the periphery of each display area 30, could be rendered uniform
within the display area 30.

Thereafter, a liquid crystal display device was
manufactured in the same manrie'r as in Example 2.

Example _.5 _

" Spacers 8 were sprayed in the same manner as in Example
2 except that +150 V was applied to the display electrodes 3a
and -50 V to the display electrodes 3b on the other insulating
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substrate 1, to glve a potential dlfference of 200 V between
the display electrodes 3a and 3b while +100 V was applied to
the accessory electrodes 29 by connecting a conductor wire 18
therewith (cf. Fig. 12, Fig. 17 and Figs. 24-26).

As a result, spacers 8 could be disposed only in the gaps
between display electrodes 3a and the density of spacers
disposed in the gaps between display electrodes 3a, inclusive
of those'gaps between display electrodes 3a in the vicinity of
the periphery of each dispiay area 30, could be rendered uniform
within the display area 30. | ' L

Thereafter, a liquid crYstal display device was -
manufacfured in the same manner as in Exaniple 2.

Example 6 _ o

Spacers 8 were sprayed in the same manner as in Example
2 except that _+50 V was applied to the display electrodes. 3a
and -150 V to the display electrodes 3b on the other insulating

substrate 1, to give a potential difference of 200 V between

the display electrodes 3a and 3b while -100 V was applied to

.the accessory electrodes 29 by connecting a conductor wire 18

therewith (cf. Figs. 27-31).
As a result, spacers 8 could be disposed only in the gaps

‘between display electrodes 3a and the density of spacers

disposed in the gaps between display electrodes 3a, inclusive
of those gaps between display electrodes 3a in the vicinity of
the periphery of each display area 30, could be rendered uniform
within the display area 30.

Thereafter, a liquid crystal d:Lsplay device was
manufactured 1n the same manner as in Example 2.

- Example 7

Spacers 8 were sprayed in the same manner as in Example

2 except that -300 V was applied to the display electrodes 3a

and accessory electrodes 29a and -500 V to the display
electrodes 3b_and accessory electrodes 29b on the other
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insulating substrate 1, to give a potential difference of 200
V between the display electrodes 3a and 3b- (cf. Figs. 32-35).
As a result, spacers 8 could be dj.sposed only in the gaps' _
between display electrodes 3a and the density of space-rs
disposed in the gaps between display electrodes 3a, inclusive

‘of those gaps between display electrodes 3a in the vicinity of |

the periphery of each display area 30, could be rendered uniform

within the dlsplay area 30,

' Thereafter, a liquid crystal dlsplay ‘device was
manufactured in the same manner as in Example 2.

Example 8
‘Spacers 8 were sprayed in the same manner as in Example

2 except that +300 V was applied to the display electrodes 3a
and +500 V to the display electrodes 3b on the other insulating
substrate 1, to give a potential difference of 200 V between

- the display electrodes 3a and 3b whlle the same voltage as

applied to the dlsplay electrodes 3b (+500 V) was applied to
the accessory electrodes 29 (cf Fig. 11, Flg. 17 and Figs. -
36-38). . _ _
'As a result, spacers 8 could be disposed only in the gaps
between display electrodes 3a and the density of spacers

'disposed in the gaps between display electrodes 3a, inclusive

of those gaps between display electrodes 3a in the vicinity of
the periphery of each display area 30, could be rendered uniform
within the display area 30.

Furthermore, spacers 8 could be dlsposed concentratedly
in the middle of each gap between display electrodes 3a and the
probability of spacers 8 being disposed in the edge porticns
of the display electrodes 3a could be reduced.

| Thereafter, a liquid crystal display device was |
manufactured in the same manner as in Example 2.

Example 9 |
- A common electrode s'ubstrate"_(substrate having a sheet
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thickness of 0.7 mm with color filters formed thereon; aperture_

. of each of RGB pixels = 80 x 285 um, black matrix line width

= 20 um, ITO electrode width = 290 uem, electrode gap distance
=15 pm) for STN type liquid crystal display device production, .
as shown in FJ.g 45, was prepared (after spacer disposition and
the subsequent cutting off of the conductor lines, giving a

common electrode substrate like the conventional one) .

A 0.05-pm-thick pol'yimide alignment layer was formed on.
this substrate and subjected to rubbing tre_atinent_.

A spacer sprayer, such as shown in Fig. 71, was used as
the sprayer. An antistatic mat ha_ving a surface .'res_i'stance of
not more than 10’ Qcmwas laid in intimate contact with an earthed
conductive stage made of aluminum and disposed in the lower part
of the sprayer body, and the substrate was disposed thereon in
close contact with the mat. Two connecting terminals for
voltage application connected with a voltage application

~apparatus were provided within the sprayer and wires were

introduced into the sprayer so that different direct current _'

: voltages might be applied to the transparent ‘electrodes formed
on the substrate. '

‘Micropearl BB-6.8 um-PH (trademark.; product of Sekisui
Fine Chemical) particles were prepared as spacet's . a

Then, the term:Lnals for voltage appllcatlon were
connected with a power source and a voltage of -2.7 kVwas applied
to each dual conducting part (conducting line (A)) of 2:1 type
comb-shaped electrodes and a voltage of —2 8 kV to each other

'conductJ.ng part (conducting line (B)).

Then, the conducting part (conducting line (A)) to whlch
the voltage of -2.7 kV was applied was connected with each dummy
electrode by wiring so that all dummy electrodes might have the
same electric potential (in Fig. 45, the condncting line (A)
was further connected with the dummy electrodes by wiring).

While maintaining this state,_ the spacers were passed
through a stainless steel pipe capable of charging them |
negatively (-) and sprayed onto the substrate by means of
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compresSed air.- That the spacers were negatively charged on
that occasion had been confirmed beforehand

Observation of the substrate with the space'rs sprayed
thereon under the light microscope revealed that the spacers
were disposed at black matrix sites in ea_ch gap between the two
neighboring electrodes involved therein to which the voltage -

-of -2.7 kV had been applied, uniformly all over the substrate.

Comparative Example 1
‘The procedure of Ex_ample 9 was followed in the same manner
except that no voltage was applied to the dummy electrodes.
Observation of the substrate with the spacers sprayed
thereon under the light microscope revealed that the spacers

" were disposed at black matrix sites in each gap between the two
- neighboring electrodes involved therein to which the voltage

of -2.7 kV had been applied but that there were marked decreases
in the number of spacers in the peripheral region from the
periphery of each dlsplay area to a line about 10 mm inside sald _

perlphery

Example 10 _
The procedure of Example 9 was followed in the same manner

. except that the substrate used had 2:1 type comb-shaped

electrodes each 51ngle conductlng part (conducting line (B))
of which was connected with the dummy electrodes, as shown in
Fig. 44, and that a voltage of -2.7 kV was applied to each dual
conducting part (conducting line (A)) of the 2:1 type comb-
shaped electrodes, and a voltage of -2.8 kV to each other
conducting part (conductor line (B)). _
Observation of the substrate with the spacers 'sprayed
thereon under the light microscope revealed that the spacers
were disposed at black matrix site_s in each gap between the two
neighboring electrodes involved therein to which the voltage

of -2.7 kV had been applied, uniformly all over the substrate.
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Example ‘11 _ _
The procedlire of Example 9 was followed in the same manner
except that the dummy electrodes were connected respectively
and a voltage of -2.75 kV was applied thereto using a separate -
voltage application apparatus. | '_ ' B
_ Observation of the substfate with the spacers sprayed
thereon under the light-microscope revealed that the spacers
were disposed at black matrix sites in each gap between the two
neighboring electrodes involved therein to which the voltage
of -2.7 kV had been applied, uniformly all over the substrate.

Examplle 12 _

A common electrode substrate (substrate having a glass
thickness of 0.7 mm with color filters formed thereon; aperture
of each of RGB pixels = 80 x 285 um, metallic chromium-made
black matrix line width = 35 pm, acrylic resin overcoat layer
= 3.0 um, ITO electrode width = 290 gm, electrode gap distance’
= 25 um) for STN type l_iquid crystal display device production
was prepared as the substrate. |

A 0.05-um-thick polyimide alignment layer was formed ori '
this substrate and subjected to. rubbing treatment.

| The ITO electrodes were formed as shown in Fig. 3.

A spacer sprayer, such as shown in Fig. 71, manufactured
by Nisshin Engineering was used as the sprayer. Prepared as
the spacers were Micropearl BB, 7.25 pm-PH ( tradeinark; product
of Sekisui Fine Chemical) particles. '

An earthed aluminum stage and an aluminum conductive
frame were disposed withiri the sprayer, as shown in Fig. 46.
The stage was insulated from the conductive frame by a butjzl
rubber type resin, and measures were taken so that voltage
application might b_é made to both the ITO display electrodes'
and dummy electrodes, as shown in Fig. 50. Each probe used had
a size sufficient to exert a pressuré on several electrodes.

By applying ~2.0 XV to the conductive frame by means of

_a voltage application apparatus, the sai_me letage, of -2.0 kv
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was applied to the dummy electrodes and ITO diSplay electrodes.
‘While maintaining the above state, the spacers were

sprayed onto the substrate. The spacers were negatively (-)

charged upon spraylng
Observation of the substrate with the spacers sprayed

'thereon_under the light microscope revealed that the spacers
"were disposed in electrode_gaps (black matrix sites) and, even

in the peripheral display area, they'were disposed uniformly.

Example 13

The spacers were sprayed in the same manner as in Example
12 except that a substrate hav1ng such a structure as shown in
Fig. 2 in which the dummy electrode and display electrodes were
connected together was used in lieu of the substrate used in
Example 12, that the constitution of the stage and conductive
frame was as shown in Fig. 46 and that the voltage application
from the conductive frame to the dummy electrode was carried
out in the manner shown in Fig. 49.

Observation of the substrate with the spacers sprayed
thereon under the light microscope revealed that the spacers
were'disposed.in electrode gaps (blacklnatrix'sites) and, even
in the peripheral display'area, they were disposed uniformly.

Example 14 .
The stage and conductive frame were. constituted as shown

in Fig. 47, a substrate having such an electrode structure as
shown in Fig. 2 was used, a terminal derived from a voltage
application apparatus was connected with the dummy electrode,
and -2.0 kV was applied to the ITO display electrodes and dummy
electrode.

Separately, a voltage of -2.7 kV was applied to the

conductive frame using another power source. While

maintaining this state, the spacers were sprayed as mentioned

in Example 12. .
ObserVation of the substrate with'the spacers sprayed
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thereon under the ligh't microscope revealed that the spacers
were disposed in electrode gaps (black matrix sites) and, even
in the peripheral display area, they were disposed uniformly.

Comparative Example 2

_ In Example 12, no -conductive frame was used and the .
substrate was 'disposed directly on the stage so that voltage
application might be made only to the ITO display electrodes
by means of rod_—s_haped_electrodes. Thus, -2.0 kV was applie_d_-
thereto. In that state, t'he spacers were sprayed in the same

- manner as in Example 12.

Observation of the substrate with the spacers sprayed
thereon under the light mlcroscope revealed that the spacers '
were disposed in electrode gaps in the middle region of the
substrate but no spacers were found ir_1 the peripheral zone
(about: 30 mm wide) of the display area. '

EXample 15 . _

A common electrode substrate (substrate hav_ing a _glass
thickness of 0.7 mm with color filters formed thereon; aperture
of each of RGB pixels = 80 x 285 um, metallic chromium-made
black matrix line width = 35 um, acrylic resin overcoat layer
=.3.0 gm, ITO electrode width = 290 um, electrode gap distance

=25 um) for STN type liquid .crystal display device production

was prepared as the substrate. _

A 0.05-pm-thick polyimide alignment layer was formed on |
this substrate and subjected to rubbing treatment.

The ITO electrodes were formed as shown in Fig. 2 and
measures were taken, as shown in Fig. 72, so that'a voltage might :
be applied'_to all ITO electrodes on the substrate by applying
the voltage to the dummy electrode. :

"ANisshin Engineering model DISPA- xR (trademark) sprayer. -
was used as the sprayer and, as shown in Fig. 73, chromium foil

. sections were provided on a flat vinyl chloride re51n plate

within the sprayer, the mlddle section, which was serve as the
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conductive stage, was' earthed, a conductive frame was formed
around the same and a terminal derived from a voltage
application apparatus was connected with a part thereof so that
woltage supply might be made via that terminal.

The positional relations among the substrate, stage and :
conductive frame were as shown in Fig. 57. Thus, the conductive '
stagewassmaller1n51zethanthesubstratebutwaslargeenough
to reach the 'inside of the dummy electrode domain (region
outside the trlmmlng lines), the conductive frame was formed
from within the dummy electrode domain to the outside of the
substrate, and the area occupled by the conductlve stage and-
that occupied by the conductive frame w1th1n the dummy electrode
domain were as follows: [area of conductlve stage] > [area of
conductive frame]. Further, a state was produced in which the
substrate end portion underside was in contact with the
conductive frame. | '

Prepared as the spacers were Sekisui Fine Chemlcal'
Mlcropearl BB-PH (trademark), 7.25 pm in partlcle size.

Then, -2.0 kV was applied to the dummy electrode and ITO
electrodes by applying -2.0 kV to the conductive frame by means
of a voltage application apparatus and, while maintaining this
state, the spacers were sprayed onto the substrate. The '
negatlve charglng of the spacers had been confirmed beforehand.

. Observatlon of the substrate with the spacers sprayed
thereon under the'light microscope revealed that the spacers
were disposed in electrode gaps, namely at black matrix sites.
Furthermore, the spacers were uniformly disposed in the '
perlpheral area of the display area as well.

Thereafter, this substrate was used to complete a llquld '
crystal dlsplay device in the conventional manner. The
thus- completed liquid crystal display device showed high
contrast owing to the absence of spacers at pixel sites, and
showed good display performance characteristics with good

- display evenness owing to the spacer disposition all over the

substrate, unlike the cases of spacer spraying by the
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conventional methods of llquld crystal dlsplay dev1ce

production.

Example 16
The procedure of Example 15 was followed in the same .

manner except that the conductive stage and conductive frame
were made of separate stainless steel plates. The conductive
frame was fixed within the sprayer by means of Teflon-made
supporting rods, and the_conductive.stage and the conductive
frame were insulated from each other by air.

Observation of the substrate with the spacers spraved
thereon under the light microscope revealed that the spacers
were dlsposed.ln.electrode gaps, namely at black matrix sites.
Furthermore, the spacers were uniformly disposed in the
peripheral area of the display area as well.

Thereafter, this substrate was used to complete a liquid

| crystal display device in the conventional manner. The

thus—completed liquid crystal display device showed high

'contrast,owing to the absence of spacers at pixel sites, and

showed good display performance characteristics with good

'display evenness owing to the spacer disposition all over the

substrate, unlike the cases of spacer spraying by the
conventional methods of liquid crystal display device

production.

Example 17
The procedure of Example 15 was followed in the same

mannerexceptthatthepos1tlona1relat10nsamongthesubstrate,
stage and conductive frame were as shown in Fig. 58. Thus, the
conductive stage was smaller in size than the substrate but

- sufficiently enough to reach the inside of the dummy electrode

domain (region outside the trimming lines), the conductive
frame was formed outside the dummy electrode without
overlapping with the same and, further, a state was produced
in which the substrate end portion underside was in contact with
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the conductive frame.
Observation of the substrate with the spacers sprayed

-thereon under the light microscope revealed that the spacers

were disposed in electrode gaps, namely'at.black:matrix sites.
Furthermore, the spacers were uniformly disposed in the
peripheral area of the display area as well.

Thereafter, this substrate was used to complete a liquid
crystal display device in the conventional manner. The
thus—completed liquid_crystal display devicé;showed_high
contrast owing to the absence of spacers at pixel sites,_and_
showed good display performance characteristics with good
display evenness owing to the spacer'disposition all over the
substrate, unlike the cases of spacer spraying by the

conventional methods of llquld crystal display device

production.

Example 18 . _
The procedure of Example 15 was followed in the same

manner except that the black matrix formed on the substrate was
made of a resin and that the positional relations among the

 substrate, stage and conductive frame were as shown in Fig. 60.

Thus, the size of the conductive stage was substantially
identical with the domain in which the transparent electrodes
were present, the conductive frame was formed from a region
where there was no transparent electrode and, further, the
substrate end portlon underside was in contact with the
conductive frame. _ '

Observation of the substrate with the spacers sprayed
thereon under the light microscopé revealed that the spacers
were disposed in electrode gaps, namely at black matrJ.x sites.

'Furthermore, the spacers were uniformly disposed 1n the

peripheral area of the display area as well.

Thereafter, this substrate was used to complete a liquid
crystal display device in the conventional manner. . The .
thus—cbmpleted liquid crystal display device showed'high o
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contrast owing to the absence of spacers at pixel'sites,'and

‘showed good display performance characteristics-with good

display evenness owing to the spacer disposition all over the
substrate, unlike the cases of spacer spraying by the

‘conventional methods of liquid crystal display devicé

production.

" Comparative Example 3

The procedure of Ekample'16-was followed in the same
manner except that the conductivé stage was made of stainless
stéel'but the size thereof remained the same and that the
conductive frame was removed to give a conductive frame-free

-state.

Observation of the substrate with the spacers sprayed
thereon under the light microscope revealed that the spacers
were disposed in electrode'gaps in the middle region of the
substrate but no spacers were found in the peripheral zone
(about 30 mm wide) of the display area. _ .

Thereafter, this substrate'was used to complete a liquid
crystal display device in the conventional manner. The
thus-completed liquid crystal display device showed high
contrast display characteristicsl in the central portion of the
substrate but showed display unevenness owing to the fact that
the cell thickness had been reduced in the peripheral region
of the substrate. '

Example 19

The procedure of Example 15 was fdllowed'in'the same
manner except that the conductive frame was disposed'over an
area extending to the display area inside, that the substrate
end portion underside was in contact with the conductive frame
and that the conductive stage was smaller than the conductive
frame. o g |

Observation of the substrate with the spacers-sprayed
thereon under the light microséopé reVealed that the spacers
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were di’sposed in electrode gaps in small numbers and dispoSed
also on pixels in large numbers. | _ o

Thereafte'r, this substrate was used to complete a liquid
crystal display dev1ce in the conventlonal manner. The
thus-completed liquid crystal dlsplay device was 1nferlor in
contrast to that obtained in Example 15.

Example 20 _

A common electrode substrate (substrate having a g'lass'
thickness of 0.7 mm with color fllters formed thereon; aperture
of each of RGB pixels = 80 x 280 pm, resin-made black matrix
line width = 35 pm, acrylic resin overcoat layer = 3.0 gm, ITO
electrode width = 290 um, electrode gap distance = 25 um) for
STN type liquid crystal dlsplay device production was prepared
as the substrate. C

A 0.05-um~thick polyimide alignment layer was formed on .
this substrate and subjected to rubblng treatment.

The substrate used was a dual panel substrate having two |
dlsplay areas formed on one substrate.

The ITO electrodes were formed to leave a marg:Ln of about
10 mm from each edge of the substrate and in a manner such that
voltage application to the dummy electrode might result in
voltage appli'cation to all ITO electrodes on the substrate, as .
shown in Fig. 2. :

AlhsshlnEnglneer1ngmodelDISRA—uR(trademark)sprayer,
as shown in Fig. 74, was used as the sprayer and, as shown in
Fig. 62, the conductive stage was almost identical in size with

" the ITO electrode domain on the substrate, hence the periphery

thereof was about 10 mm inside from each substrate edge.
Sekisui FJ.ne Chemlcal's M1cropearl BB-PH (trademark)

particles, 7.25 pm in particle size, were prepared as the

. spacers.

Then, a direct current sourCe—derivéd terminal vtas
connected with the dummy electrode on the substrate and -2.0
kV was applied to all ITO electrodes on the substrate and, while



10

‘15

- 20

25

30

35

105

. maintaining this state, the spacers were sprayed onto the

substrate. The negative.chargihg of the spacers had been
confirmed beforehand. _ - '

- Observation of the substrate with the spacers sprayed .
thereon under the light microscope revealed that the spacérs
were disposed in electrode gaps, namely at black matrix sites.

Thereafter, this substrate was used to complete a liquid
crystal display device in the conventional_manner.' The
thus-completed liquid crystal display device showed high
contrast owing to the absence of spacers at pixel sites, and
showed good display performance chafacteristics with good
display evenness owing to the spacer disposition all over the

_substrate,'unlike the cases of spader spraying by the

conventional methods of liquid crystal display device

production.

Example 21 - : .

The procedure of Examplé ZO was followed in the same
manner except that a chromium black matrix with a line width
of 35 pm was used as the black matrix, and that the conductive

 stage used had been divided into two parts -corrésponding to the

two display areas on the substrate, respectively, with'thé
periphery of each part being 5mm inside the black matrix picture
frame. - _
Observation of the substrate with the spécers sprayed
thereon under the light microscope revealed that the spacers
were disposed'in electrode gaps, namely'at.black:matrix sites.
Thereafter, this substrate was used to comple:te a ligquid
crystal display device in the cOnventional manner. The '
thus—-completed liquid crystal display device showed higﬁ
contrast owing to the absence of spacers at pixel sites, and
showed good display performance characteristics with'good
display evenness owing to the spacer disposition all over the
substrate, unlike the cases of spacer_spraying by the

conventional methods of liquid crystal display device
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production.

Comparatlve Example 4 _

Spacer spraying was carried out in the same manner as in
Example 20 except that the conductive stage used had a size
greater by 50 mm than the substrate.

Observation of the substrate with the spacers sprayed

" thereon under the light microscope revealed that the spacers

were disposed in electrode gaps, namely at black matrix sites,
but few spacers were found in the peripheral zone (about 30 mm -
wide) of the display area. o . _

Thereafter, this substrate was used to complete a liquid
crystal display_device in the conventional:manner. The
thus-completed 1iquid crystal display device showed high
cdntrast and good display characteristics in the central
portion of the display area but, in the peripheral region of
the display area showed display unevenness because of a reduced
cell thickness owing to the absence of spacers.

Example 22 _

Spacer spraying was carried.dut in the same manner as in
Example 21 except that the conductive stage used.had a size of
40%, 30% or 20% of the display area. .

~ After observation of the substrates with the spacers
sprayed thereon under the light m;croscope, these substrates
were used. to complete liquid crystal display devices in the
conventional manner. ' ' ' '

When the conductive stage having a size of 40% of the

- display area was used, the spacers were disposed in electrode _

gaps, n'amely' at black matrix sites, like in Example 21, and the
liquid crystal display device completed showed'high contrast
owing to the absence of spacers at pixel sites and had_gqod

" display performance characteristics with display evenness

owing to the spacer disposition all over the display area.
When the conductive stage having a size of 30% of the
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display area was used', some spacers were di_sposed inpixel sites
but the liquid crystal display device completed showed little |
influence on the contrast and showed high contrast since the -
number of spacers disposed in the pixel sites was small.

'When the conductive stage having a size of 20% of the
display area was used, the spacers were disposed almost randomly
on the display area and the liquid crystal display device
completed showed no improvement in contrast.

Example 23

‘Using a partlcle sprayer as shown in Fig. 64-67, a _'
substrate 1 onto which spacers were to be sprayed was first fed
onto the conductive stage 15. For feeding the substrate 1, the
substrate 1 was taken out of a substrate stock site (not shown)
by means of arms 32a of a robot mechanism 32 and, at the same
time, a drive mechanism 31 ascended and raised the push-up pins
36 and conductive frame 34 for producing a gap for insertion

- of the substrate 1 between the push-up pins 36 and conductive
frame 34. :

Then, the 1lid 10a of an openlng prov1ded at a chamber 10

site faclng the robot mechanism 32 was opened and the arms 32a

of the robot mechanism 32 were inserted into the chamber and
further advanced to insert the substrate 1 between the push-up
pins 36 and copductive frame 34. Thereafter, the push-up pi'ns
36 and conductive frame 34 descended, whereby the substrate 1
was fed onto and disposed on the conductive stage 15. The

conductive frame 34 further descended and ‘was disposed and held

‘on the conductive stage 15.

On that occas:.on, the probe 35 also descended with the
conductive frame 34 and the tip of the probe 35 contacted with

~ the transparent electrodes 3 on the substrate 1 and thus the -

preparat'ion for voltage application to the conductive frame 34
and to the transparent electrodes 3 on the substrate 1 was
completed. Then, a voltage of +1 kV was gradually applied to
the conductive frame 34 and to the transparent electrodes 3 on
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the substrate 1. (Sudden application of a'high voltage is
~undesirable since such a trou_ble as dielectric breakdown of the

transparent electrodes 3 may be caused.) |
Since, on that occasion, the conductive stage 15 was .

-earthed, as shown in Fig. 64, and the substrate 1 was formed

from an insulating material, the substrate 1 was attracted by
and fixed on the conducti_ire stage 15 by the static electricity
generated between the substrate 1 and conductive stége_ 15. If

' necessary, the substrate 1 may be positioned on a predetermihed

location on the conductive stage 15 by using pOSltlonlng pJ.ns-
or the like. '

And, spacers were charged positively and sprayed from the
nozzle lla. As a r_e_sult, as shown in Fig. | 68, the spacers were

- sprayed 'concentratedly into the gaps between transparent

electrodes 3 and the gaps between the conductive frame 34 and

. transparent electrodes 3.

The voltage be1ng applied to the substrate 1 with the
spacers disposed'thereon in the' above manner only in the
electrode gaps and the gaps between the conductive frame 34 and
electrddes 3 was gradually lowered again, and the substrate 1

'was taken out to a finished goods stock site by the robot
, mechanlsm 32 (this tlme, the procedure of feeding the substrate

1 was reversed).

- INDUSTRIAL APPLICABILITY
The method of spraying particles according to the present
invention, which is constituted as mentioned above, makes it
possible to dispose a predetermined quantity of par'ticles in
desired p051t10ns, to dispose spacers in electrode gaps in
liquid crystal display devices without sacr1f1c1ng the aperture
ratio and, further, to properly dispose spacers in electrode
gaps in the peripheral region of the display area as well by
applying a voltage to an electrode or electrodes outs:Lde the
display area. '
The method of llquld crystal display productlon according
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to theinvention, which is constituted as mentioned above, makes
it possible, in conducting the method for producing a liquid
crystal display device comprising disposing charged spacers in
electrode gaps while applying a voltage to the- transparent
electrodes, to dispose spacers selectively only in
predetermined transparent electrode gaps among neighboring

. transparent electrode gaps, namely at black matrix sites, even
- in the case of stripe-shaped transparent electrodes such as

employed in STN type liquid crystal display devices, and to
control the spacer disposition density in the vicinity of the
peripheral portions of the.display area as well as in the middle
part of the display area, whereby it becomes possible to make
the spacer disposition density uniform within the display area
and thus provide liquid crystal 'display devices improv'ed in
contrast Whlle preventing llght leakage through spacers,
without sacr1f1c1ng the aperture ratio.
Further, since spacers can be disposed all over the

substrate, the liquid crystal display device produced therefrom

.can have a uniform cell thickness and high quality .display

performance characteristics without display unevenness.
F"urthermore,. ‘spacers can be sprayed at predetermined sites '
other than electrode sites without the need of providing,
outside the display area, a dummy electrode or electrodes
sufficiently larger than the area of spacer spraying.

-Furthermore, the liquid crystal display device according
to the invention, which is constituted as mentioned above, has
a uniform cell thickness and high quality display performance
characteristics without display unevenness.
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- CLAIMS

1. A method of spraying particies
‘which comprises applying a voltage of the same polarity

~as the particle charge polarity to a plurality of electrodes
' formed on a substrate

and spraying the particles while utilizing a repulsive
force operating on the particles, ' _ '

wherein means is employed for preventing said particles .-
from being turned out of the electrode domain comprisin'g the
plurality of electrodes. '

2. The method of spraying particles according to Claim
1, | S
which comprises' providing at least one dummy electrode
outside the electrode domain comprising the plurality of .
electrodes, | '

and applying, to said dummy electrode, a voltage of the
same polarity as the particle charge polarity to thereby control
the electric field above the peripheral region of the electrode -
domain comprising said plurality of electrodes. '

3. The method of spraying particles according to Claim .

wherein the voltage applied to the plurality of
electrodes is 500 to 8,000 V.

4, The method of spraying particles according to Claim
1, 2 or 3, '
' wherein a voltage hav1ng the same polarity as the particle
charge polarity is applied to at least one electrode other than
said plurality of electrodes, on the substrate in a region at
least partly surrounding the periphery of the electrode domain

comprising the plurality of electrodes.
R 0 D IIIIJ || i



10

15

20

25

30

.35

111

'5. The method of spraying particles according to Claim
1, 2, 3 or 4, '

wherein the electrode other than the plurality of
electrodes is disposed in a region surrounding the periphery
of the electrode domain other than an accessory electrode for . |

'voltage application to said plurality of electrodes.

6. The method of spraying particles according to Claim

1, 2, 3, 4 or 5, |
wherein the area of the electrode other than the plurality
of electrodes is larger than the area of any of said plurality
of electrodes.

7. The method of spraying particles according to Claim

1, 2, 3, 4, 5 or 6,

wherein the voltage applled to the electrode other than

" the plurality of electrodes is the same as that applied to said

plurality of electrodes.

8. The method of spraylng partlcles according to Claim
4, 5, 6 or 7, '
wherein the electrode other than the piurality of
electrodes is a solid electrede provided in the periphery region
of the substrate.

_ 9. The method of spraylng partlcles accordlng to Clalm
1, 2, 3, 4, 5, 6, 7 or 8, '

wherein the part_lcles are sprayed by dry method.

10. A method for produc:Lng a liquid crystal dlsplay

‘device comprising

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
having at least one display area and a second substrate to be '

'dlsposed opposedly above the first substrate

[N III|| i |III



10

15

20

25

30

35

112

and filling a liquid crystal into the space betweeniboth

the substrates,
wherein, in providing accessory electrodes outside the

. display area and spraying positively or negatively charged

spacers onto the substrate, two or more voltages differing in
iroltage value are applied to respective transparent electrodes

‘and a voltage is applied to the accessory electrodes as well

to thereby control the electric field generated above the
transparent electrodes and above the accessory electrodes so
as to cause selective spacer dispositiononly in a predetermined

.transparent electrode gap among the gaps between respectlve

ne1ghbor1ng transparent electrodes

- 11. The method for produc1ng a liquid crystal dlsplay
device according to Claim 10,
_ wherein the predetermined transparent electrode gap'in
which spacers are tobe disposed selectively is provided between
the respective transparent electrodes to which one and the same
voltage is applied. | '

12. The method for produc1ng a liquid crystal dlsplay

device accordlng to Claim 11,
wherein, when the spacers are positively charged, the

predetermined transparent electrode gap in which spacers are

to be disposed- selectlvely is prov1ded.between the respectlve
transparent electrodes to which the lowest of the two or more
voltages differing in value applied to the transparent
electrodes is applied'

_ aﬁd, When the spacers are negatively charged, the
electrode gap is provided between the respective transparent
electrodes to which the highest of the two or more voltages'
differing in value applied to the tranSparent electrodes is

applied.

13. The method for producing a liquid crystal display

* < L M L] *



10

15

20

25

30

35

113

device according to Claim 12,

wherein the two or more voltages differing in voltage
value which are applied to the transparent electrodes have the

.same polarity as the polarity of the voltage for charging

spacers.

14. The method for producing a llquld crystal dlsplay
device according to Claim 10, 11, 12 or 13, -

wherein the polarity of the voltage applied to the
accessory electrodes is selected so that a repulsive force may
be exerted on the spacers, when the electric field as formed
above the whole region which comprises the transparent '
electrodes, exerts a repulsive force on the spacers,

' and the polarity of the voltage applied to the accessory

electrodes is selected so that an attractive force may be
exerted on the spacers, when the electric field as formed above

 the whole reglon which comprises the transparent electrodes,

exerts an attractive force on the spacers

15." The method for producing a liquid crystal dlsplay'
device according to Claim 14,
wherein the voltage applied to the accessory electrodes

'is identical with the voltage exerting the greatest repulsive

or attractive force on the spacers among the two or more voltages’
differing in voltage value as applied to the transparent

‘electrode.

16. The method for producing a liquid crystal display
device according to Claim 10, 11, 12, 13, 14 or 15, |

wherein the transparent electrodes are stripe-shaped,
and the accessory‘electrodes are disposed in parallel with the
longer sides of the transparent electrodes.

17. The method for producing a liquid crystal display
device according to Claim 10, 11, 12, 13, 14, 15 or 16,

* c L L} s *
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wherein the accessory electrodes are provided in almost
the same electrode pattern as the transparent electrodes.

18. The method for prbduCing a liQﬁid erystal display

 device according to Claim 10, 11, 12, 13, 14, 15 or 1ls,

wherein the accessory electrodes are dnmmy electrodes
provided . for reduc1ng the transparent electrode- due level

difference.

19. The method for producing a.liquid crystal display

device'according to Claim 10, 11, 12, 13, 14, 15, 16, 17 or 18,

wherein the accessory electrodes are dummy electrodes not
applying display voltage thereto. '

. 20. A method for produc1ng a liquid crystal display

device comprising
spraying spacers onto at least one of a first substrate

comprising at least pattern-forming transparent:.electrodes and
a dummy electrode and a second substrate to be disposed
opposedly above the first substrate

and filling a liquid crystal into the space between both
the substrates, :

wherein, in spraying positively or negatively charged_

spacers onto the substrate, two or more voltages differing in
voltage value are applied to respective transparent electrodes
and the dummy electrode as well,

the predetermined transparent electrdde gaps in which_'

spacers are to be selectively dispdsed are provided between
respective two neighboring transparent electrodes,
" the number of transparent electrodes is even,
and the two or more voitages differing in value are
applied in a manner such that when the spacer charge polarity

is p051t1ve (+), the lowest of the two or more voltages differing
- in value is applied to the respective two neighboring
transparent electrodes between which spacers are to be disposed.

A
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in the middle, and when the spacer charge polarity is negative
(=), the highest of the two or more voltages differing in value
is applied to the respective two neighboring transparent '
electrodes between which spacers are to be dlsposed in the '
middle.

21. The method for producing a liquid crystal display
device according to Claim 20,

wherein the voltage applied to a dummy electrode iswithin
the range of the highest and lowest voltages among the two or

‘more voltages differing in voltage as applied to the tran_sparent

electrodes.

22. The method for produc1ng a liquid crystal display '
device according to Clalm 20 or 21, _

wherein, in cases where the spacer charge poiarity is
negative (-), the voltage application to the transparent
electrodes is carried out by providing a common conductor line-
(A) connected with one of the two ends of each transparent
electrode to which the highest voltage is to be applied, ‘and
applying the highest voltage by means of the conductor line (A),
while providing a common conduotor line (B) connected with one °
end, on the opposite side of the one end mentioned above, of
the two ends of each transparent electrode to which a lower
voltage is to be applied, and applying the voltage by means of
the conductor line (B) | | '

and, in cases where the spacer charge polarity is positive'
(+), the voltage applioation to the transparent electrodes is

' carried out by providing a common conductor line (A) connected

with one of the two ends of each transparent electrode to which

. the lowest voltage is to be applied and applying the voltage
- by means of the conductor line (A), while providing a common

conductor line (B) connected w1th one end, on the opposite side
of the one end mentioned above, of the two ends of each
transparent electrode to which a higher voltage is to be applied :

||II|II| R T A IIII
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-and applyingathe higher voltage by means of the conductor line

(B) .

23. The method for producing a liquid crystal display
device according to Claim 22, _ '

wherein the voltage application to a'dummy'electrode is
carried out by connecting the dummy electrode w1th either the
conductor line (A) or the conductor line (B)

'24. The method for producing a liquid crystal display
device according to Claim 20, 21 or 22, : ,
wherein the voltage application to dummy electrodes is’
carried out by connecting all dummy electrodes formed on the
substrate with one another.

25. A method for producing a liquid crystal display
device comprising

spraying spacers onto at least one of a first.substrate
comprising at least pattern-forming transp'arent electrodes and
a dummy electrode and a second substrate to be disposed
opposedly above the first substrate

and filling a llquld crystal into the space between both
the substrates,

wherein, in spraying positively or negatively eharged
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage, and

a conductor is provided in a state electricall_y insulated
from the conductive stage,

said conductor being a conductive frame having an
opening, _
said conductor frame belng dlsposed on the perlphery of
the substrate with or without partial overlapping with the
substrate periphery, -

and wherein a voltage is applied to the transparent
electrodes and the conductlve frame.

* c L L} S *
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26. The method for produc1ng a liquid crystal dlsplayr

device according to Claim 25,
wherein the substrate has a transparent electrode as well

‘as a dummy electrode

~and, in spraying po'sitively'or negatively charged spacers
onto the substrate, a voltadge is applied to the transparent
electrodes, the dummy electrode, and to a conductive frame.

27. The method for producing a liquid crystal display
device according to Claim 26, :
wherein the dummy electrode are connected with the

transparent electrodes _
and the voltage application to the dummy electrode is . .

carried out via the conductive frame.

28. The method for producing a liquid crystal display-
device according to Claim 27, '
| wherein the voltage applied to the conductive frame is
d1fferent from the voltage applled to the transparent
electrodes.

. 29. A method for producing a llquld crystal display
device comprising

spraying spacers onto at least one of a first substrate
comprising at least pattern-forming transparent electrodes and
an alignment layer and having at least one display area and a
second substrate to be disposed opposedly above the first
substrate |

and filling a llquld.crystal into the space between both
the substrates,

wherein, in spraying positively or negatively charged .
spacers onto the substrate, the substrate is disposed in close
contact with an earthed conductive stage,

a voltage having the same polarity as the spacer charge.

A
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pplarity is applied to the transparent electrodes on the
substrate, . _

| a conductor is provided, outside the display area, in a .
state electrically isolated from the conductive stage,

and a voltage having the same polarity as the polarity

of the voltage applied to the transparent electrodes is applied
to the conductor to thereby form almost the same electric field
within and without the substrate.

30. The method for producing a liquid_crystal display
device according to Claim 29, | _ |
_ wherein the conductor is larger in outermost size than
the substrate, and is a conductive frame having an opening not
greater than the substrate size,

said conductive frame being disposed with or without
overlapplng with the periphery of the substrate, |

and wherein a voltage of the same polarity as that appl:Led'
to the transparent electrodes is applled to the conductive

frame.

31. The method for produc1ng a liquid crystal dlsplay

dev1ce according to Claim 29 or 30,
' wherein the conductive stage has a size not greater than

" the substrate size but extending to the area outside the parting
25

lines _ :
and the upper surface of the conductive frame is disposed

 on the almost same plane as the conductive stage surface or at

a level lower than the same.

32. The method for produc:Lng a llquld crystal dlsplay
device according to Claim 29, 30 or 31,

- ‘wherein the conductive stage has a size not greater than

the substrate size but extending to the area outside the parting

lines, _
the conductlve frame is formed so as to extend from the
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. area outside the parting lines to the outside of the substrate,

and the area occupied by the conductive stage and that
by the conductive frame in the area out51de the parting lines

satisfies the relation: . _
[area occupied by conductive stage] > [area occupied by

conductive frame].

33. The’ method for producing a liquid crystal display

device according to Claim 29, 30 or 31,
wherein the conductive stage has a size not'greater than

~ the substrate size but extending to the area outside the parting

lines _ .
and the conductive frame is formed outside the transparent

electrodes without any overlapping with the area outside the

parting lines. - : .

34. The method for producing a liquid crystal dlsplay
device according to Claim 29, 30 or 31, -
wherein the conductive stage is substantially identical
in size with the range of occurrence of the transparent

electrodes
and the conductlve -frame is formed by areas where no

transparent electrodes are present.

35. A method for produc1ng a liquid crystal dlsplay

device comprising
spraying spacers onto at least one of a first substrate

comprising at least pattern-forming transparent electrodes and’
- an alignment layer and having one or more display areas and a

second substrate to be disposed opposedly above the first

‘substrate _ _
and filling a liquid crystal into the space between both'
the substrates, |
wherein, in spraying p051t1vely or negatlvely charged'n
spacers onto the substrate, the substrate is disposed 1n close

A
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| contact with an earthed conductive stage smaller in size than

the substrate to allow the substrate periphery to be apart from

" the conductlve stage,

and a voltage of the same polarity as the spacer charge
polarity is applied to the transparent electrodes on the '

substrate.

36. The method for producing a l'iquid' crys't'al display
device according to Claim 35, | _

wherein the substrate onto which spacers are tQ:be sprayed
has a black matrix formed thereon,

the black matrix is conductive, ,

and the conductive stage comprises one or more units each
smaller in size than the picture frame periphery of the black
matrix of each display .are'a on the substrate.

37. The method for ‘producing a llqu:Ld crystal display
device accordlng to Claim 35 or 36, ' '

wherein the area of contact between the conductive stage.
and the substrate is not les's than 30% of the display area area.

38. A partlcle sprayer for dJ.spos1ng charged particles
selectlvely on a substrate haVJ.ng a plurality of electrodes

which comprises a nozzle for spraying charged partlcles
onto the substrate, _ - - .

a conductive stage having a fixed position and serving

. to hold the substrate onto which charged particles are to be

‘sprayed,

a plurality of push-up pins for mounting the substrate

on and dismounting the substrate from the conductive stage,

a probe for applying a voltage identical in polarity with
the charged particles to a plurality of ‘electrodes on the

~ substrate disposed on the conductive stage,

and a conductor is electrically insulated from the

conductive stage,

[
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said conductor being a conductive frame provided with an
opening smaller in size than the substrate,
‘being disposed on the top of the substrate dlsposed on

the conductive stage,
and being applied a voltage of the same polarlty as the )

charged particle polarity thereto

39. The particle sprayer according to Claim 38,
wherein the probe and the conductor move up or down. in
synchronization with each other.

40. The particle sprayer according.to Claim 38,
wherein the probe and the conductor move up or down as

an integrated body.

41. The particle'spreyer according to Claim 38, 39 or
40, | |

wherein the probe, conductor and push-_up pins are driven |
in synchronization by means of a single driving source.

42. The particle sprayer accqrding to Claim 38, 39, 40
or 41, '

wherein one and the same voltage is applied
51multaneously to the plurality of electrodes and the

conductor.

43. A liquid crystal display device ebtainable by the
method of spraying particles according to Claim 1, 2, 3, 4, 5,
6, 7, 8 or 9. '

44. A liquid crystal display deVice-obtainable by the

method for producing a liquid Crystal display device according
to Claim 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

23 or 24, : : :
VRN VR ORI 10




122

45. A liquid crystal 'disp_lay device obtainable by the

method for producing a liquid crystal display device according
. to Claim 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36 or 37
using the particle Sprayer according to Claim 38, 39, 40, 41
or 42. . '
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