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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a liquid crystal
display device in which film thickness irregularities and
rubbing irregularities of orientation films are minimized
in which superior image quality is provided even when
columnar spacers are disposed therein.

2. Description of the Related Art

[0002] A liquid crystal display device generally has a
structure in which a liquid crystal substance is sand-
wiched between a pair of substrates facing each other.
Image display by the liquid crystal display device is
achieved by applying a voltage between the pair of sub-
strates, and by controlling the light transmissivity based
on the double refraction phenomenon displayed by liquid
crystal substances. Thus, if the space between the sub-
strates facing each other is not uniform in a screen, the
intensity of the electric field applied between electrodes
facing each other becomes different in the screen, and
deterioration of the image quality occurs. Thus, in con-
ventional practice, the space between a pair of substrates
is controlled by scattering a given amount of small glass
beads on one substrate as space keeping members, and
as a result, due to the dispersion of the glass beads in
the liquid crystal substance, the spacing of the pair of
substrates is controlled.

[0003] It is however very difficult to uniformly scatter
glass beads on the substrate, and sometimes, the glass
beads are unevenly distributed (localized) on the screen,
resulting in degradation of the image quality.

[0004] In recent years, instead of scattering glass
beads on the substrates, space keeping members, an
insulating resin such as a photosensitive resin or an in-
sulator such as an oxide film consisting of SiO, or the
like formed in islands (i.e., columnar spacers independ-
ent from each other), is provided on one of a pair of sub-
strates facing each other using photo-lithographic tech-
nology and etching technology to achieve superior posi-
tional accuracy, dimensional accuracy and shape accu-
racy.

[0005] However, an orientation film consisting of poly-
imide (P1) or the like is formed and rubbed after columnar
spacers are formed, and if the columnar spacers are
formed unevenly, noticeable film thickness irregularities
or rubbing irregularities attributable to the unevenness
of the columnar spacers themselves can be generated
when forming the orientation film, and thus, the liquid
crystal orientation becomes abnormal, resulting in a deg-
radation of the image quality of the liquid crystal display
device.

[0006] US 5,499,128 describes a liquid crystal display
device having a liquid crystal substance sandwiched be-
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tween a pair of substrates whose spacing is controlled
by a plurality of spacers. The spacers are formed with a
density of 0.05 to 700/mm?2. An orientation film is formed
on each substrate. The spacers are formed on one of the
pair of substrates after the orientation film has been
formed on that substrate.

[0007] US 5,978,061 describes a liquid crystal display
device of similar type, in which the spacers are arranged
in a checkered pattern.

[0008] US 5,978,063 describes another liquid crystal
display device in which a polyimide film is formed on a
substrate before the formation of columnar spacers
which serve to define the spacing between this substrate
and the opposing substrate.

[0009] EP-A-1,048,972 which is applicable as prior art
under A.54(3) EPC, describes a liquid crystal display de-
vice having a liquid crystal substance sandwiched be-
tween a pair of substrates whose spacing is controlled
by a plurality of columnar spacers. The columnar spacers
are formed with a density of 5-2000/mmZ2. No orientation
film is mentioned.

[0010] US 6,266,121 describes a liquid crystal display
device in which columnar spacers are formed on one of
a pair of substrates before two orientation films are
formed on that substrate, over the spacers. A first of the
orientation films covers the sidewalls of the spacers so
as to reduce disturbance in the orientation of the liquid
crystal.

SUMMARY OF THE INVENTION

[0011] Accordingly, itis an object of the present inven-
tion to solve problems in the conventional technology,
and in particular, to provide a liquid crystal display device
in which film thickness irregularities and rubbing irregu-
larities of an orientation film are minimized and in which
superior image quality is provided even when columnar
spacers are disposed therein.

[0012] The inventors of the present invention have
found that the above-described problem can be solved
or mitigated by limiting the placement density, the array,
the size, etc. of columnar spacers in a given range, and
have thus realized the present invention.

[0013] There is provided a liquid crystal display device
comprising: a pair of substrates facing each other with a
space therebetween; a liquid crystal substance sand-
wiched between the pair of substrates; and a plurality of
columnar spacers independent from each other which
regulate the space between the pair of substrates said
plurality of columnar spacers being formed on one of the
pair of substrates; and an orientation film formed on said
one of the pair of substrates, over said columnar spacers;
wherein the placement density of said columnar spacers
is 100 to 2000/mm?2, and the cross-sectional area of the
columnar spacers is 5 to 25 pm?2

[0014] There is provided a manufacturing method of
the liquid crystal display device having a structure in
which a liquid crystal substance is sandwiched between
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a pair of substrates facing each other; said method com-
prising: a step of forming columnar spacers having a
cross-sectional area of 5 to 25 pm? at a placement den-
sity of 100 to 2000/mm?Zon one of the pair of substrates;
a step of forming an orientation film on said one of the
pair of substrates, over the spacers; and a step of rubbing
said orientation film..

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1 shows the relationship between the placement
density of columnar spacers and the image quality;
Fig. 2is a schematic representation of the disposition
pattern of columnar spacers in accordance with the
present invention; and

Fig. 3 is a schematic sectional view of the liquid crys-
tal display device in accordance with the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0016] A liquid crystal display device in accordance
with the presentinvention has a structure in which a liquid
crystal substance is sandwiched between a pair of sub-
strates facing each other with the space controlled to a
specific value by a plurality of columnar spacers inde-
pendent from each other.

[0017] The findings of the inventors of the present in-
vention indicate that, if the placement density of columnar
spacers is too high, the orientation of the liquid crystal
substance is impeded, and orientation disturbance, re-
ferred to as disclination, easily occurs, and the orientation
film applied on the columnar spacers accumulates
around the columnar spacers, and the orientation irreg-
ularities in film thickness are easily generated. On the
other hand, it has also been found that, if the placement
density of columnar spacers is too low, film thickness
irregularities become noticeable and the image quality is
degraded.

[0018] Thus, the relationship between the placement
density of columnar spacers and the image quality was
examined by manufacturing a liquid crystal device as
shown in a below-described embodiment to find the re-
lationship shown in Fig. 1.

[0019] Fig. 1 shows thatthe preferable placementden-
sity of columnar spacers is 100 to 2000/mm2, and the
optimum placement density is 200 to 400/mm2. This
means that, if the placement density of columnar spacers
is less than 100/mm?2, the columnar spacers are too far
from each other, and film thickness irregularities of the
orientation film become noticeable, and the minimum al-
lowable level of the image quality is not achieved. On the
other hand, it has also been found that, if the placement
density of columnar spacers exceeds 2000/mm?2, the co-
lumnar spacers are brought close to each other, periph-
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eral portions of film thickness irregularities of the orien-
tation film overlap, film thickness irregularities are less
noticeable as a result, disclination is easily generated,
and the minimum allowable level of the image quality is
not achieved.

[0020] The orientation of the liquid crystal is less easily
impeded when columnar spacers are as small as possi-
ble, and their sectional area is 5 to 25um?2.

[0021] Intheliquid crystaldisplay deviceinaccordance
with the present invention, columnar spacers 23 are pref-
erably disposed equally at each pixel electrode 22 when
a plurality of the pixel electrodes 22 are formed in a matrix
form on one substrate 21 of a pair of substrates as shown
in Fig. 2A. The space between the substrates in a screen
can thus be kept more constant. In addition, the film thick-
ness irregularities of the orientation films can also be
made uniform.

[0022] For other examples of the equivalent array of
the columnar spacers 23 to each pixel electrode 22, the
columnar spacers are preferably disposed ina checkered
manner as shown in Fig. 2B or in an array as shown in
Fig. 2C (in which the distance between an arbitrary co-
lumnar spacer and a plurality of columnar spacers adja-
cent thereto is substantially constant). In particular, in the
casein Fig. 2C, the columnar spacers overlap less during
a rubbing treatment in which rubbing is in the direction
of arrows compared to the cases in Figs. 2A and 2B, film
thickness irregularities and rubbing irregularities of the
orientation films can be made uniform, and disclination
is less easily generated.

[0023] As described above, the liquid crystal display
device in accordance with the present invention is char-
acterized by the placement density, and the array or the
sectional area of columnar spacers. However, other com-
ponents; a pair of substrates, the liquid crystal substance,
electrodes or the like may be of a configuration similar
to that of publicly known liquid crystal display devices.
[0024] The liquid crystal display device in accordance
withthe presentinvention, thatis, the liquid crystal display
device having the structure in which the liquid crystal sub-
stance is sandwiched between a pair of substrates facing
each other, can be manufactured according to the pub-
licly known manufacturing method with the exception that
columnar spacers are disposed with the placement den-
sity of 100 to 2000/mm?2. For instance, a photosensitive
resin may be applied on one of a pair of the substrates
and dried to form a photosensitive resin layer, and the
photosensitive resin layer can be machined by the photo-
lithographic method into columnar spacers formed with
the placement density of 100 to 2000/mm?2.

Embodiment

[0025] Fig. 3 shows an example of the manufacture of
the liquid crystal display device in accordance with the
present invention (active matrix liquid crystal display de-
vice).

[0026] A semi conductor thin film 2 (for example, con-



5 EP 1 154 308 B1 6

sisting of polycrystalline silicon) forming a TFT with a
thickness of 50 to 150 nm is formed on a driving substrate
1 consisting of glass or the like. If necessary, Si* ions are
implanted in the non-crystalline thin film, and then, the
thin film is heated to around 600°C or annealed with an
excimer laser beam in order to achieve larger grain sizes.
[0027] This semi conductor thin film 2 is patterned into
a predetermined shape to form a gate insulating film 3a
of 10 to 100 nm in thickness using a means of the thermal
oxidation method, the LPCVD method, etc.

[0028] Next, a metal layer as a gate electrode 3 con-
sisting of polycrystalline silicon or MoSi, WSi, Al, Ta,
Mo/Ta, Mo, W, Ti, Cr, etc. is formed and patterned. When
the gate electrode 3 is formed of polycrystalline silicon,
P* ions, etc. may be thermally diffused to reduce the re-
sistance.

[0029] Thereafter, the ions of the impurities are im-
planted by the ion-implanting method or the ion-doping
method with the gate electrode 3 as a mask to form a
source area S and a drain area D.

[0030] Successively, a film with a thickness of 400 to
800 nm, consisting of PSG, NSG, etc., is deposited by
the atmospheric pressure CVD method to form a first
interlayer insulating film 4. Contact holes CONS and
COND communicated with the source area S and the
drain area D are opened therein.

[0031] A conductive thin film consisting of Al, etc. of
300 to 700 nm in thickness is formed by the sputtering.
The film is patterned into a predetermined shape and
machined on a source electrode 6S and a drain electrode
6D. A film of 300 to 2000 nm in thickness consisting of
PSG, etc., is deposited by the atmospheric pressure CVD
method to form a second interlayer insulating film 5. The
surface of the second interlayer insulating film 5 may be
flattened as necessary by the CMP method, etc.

[0032] A contact hole CON2 is opened in the second
interlayer insulating film 5 in order to electrically connect
the drain electrode 6D to a metal film which is also used
for a light-shielding film 7. A metal thin film forming the
light-shielding film 7 which is also used for a black mask,
consisting of, for example, Ti, Al, Mo, Cr, W, TiNx or the
silicide of these metals, is deposited to a thickness of 5
to 500 nm by the sputtering method or the like, and pat-
terned to a predetermined shape.

[0033] A film consisting of PSG, etc. is deposited on
this light-shielding film 7 to the thickness of 300 to 2000
nm by the atmospheric pressure CVD method to form a
third interlayer film 8. In order to improve the orientation
of the liquid crystal, the surface of the third interlayer in-
sulating film 8 may be flattened using the CMP method,
etc., as necessary. The surfaces of the second and third
interlayer insulating films may be flattened using SOG or
an organic film by the spin coating method.

[0034] Then, a contact hole CON3 for electrical con-
nection to a pixel electrode 9 is opened in the third inter-
layer insulating film 8. A metal film or a metal oxide film
forming the pixel electrode 9 (a transparent conductive
film such as an ITO film in the case of a transmission
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type liquid crystal display device, or a light reflective con-
ductive film consisting of Ag, Al, etc. in the case of a
reflection type liquid crystal display device) is deposited
at a thickness of 30 to 1000 nm by the sputtering method,
etc., and patterned to a predetermined shape. This film
may be annealed at about 200 to 400°C, as necessary.
[0035] A photosensitive resin coating or the like is ap-
plied thereon to the thickness of 2 to 6 wm, and patterned
in islands as shown in Fig. 2C to form columnar spacers
10 with a density of 100 to 2000/mm2. The columnar
spacers 10 may be formed by forming an inorganic film
of not only the photosensitive resin but also SiO, or the
like by the CVD method, or by forming a non-photosen-
sitive resin coating by the spin-coating method or the
printing method, and then patterning the film. The sec-
tional area of the columnar spacers 10 is set to be 5 to
25 pm2,

[0036] Successively, an orientation film (not shown in
the figure) consisting of PI or the like is formed on the
driving substrate 1 by a regular method, rubbed to orient
the liquid crystal with a buffing material such as cotton,
and overlapped and fixed to a counter substrate 12 pro-
vided with a similarly processed counter electrode | | to
constitute a liquid crystal cell. Then, a liquid crystal 13 is
filled in the liquid crystal cell, and heat treated as neces-
sary to complete a liquid crystal device.

[0037] Inthe liquid crystal display device obtained, the
distance between the driving substrate 1 and the counter
substrate 12 is kept at a height in alignment with the
height of the columnar spacers 10. film thickness irreg-
ularities and rubbing irregularities of the orientation film
are less noticeable, and disclination is also less easily
generated. High quality image can thus be obtained.
[0038] Intheliquid crystaldisplay deviceinaccordance
with the present invention, the image which is free from
any disturbance of the liquid crystal orientation, less no-
ticeable in film thickness irregularities or rubbing irregu-
larities of the orientation film, and high in quality, can be
obtained by specifying the placement density, the array
and the size of the columnar spacers.

Claims
1. Aliquid crystal display device comprising:

a pair of substrates (1, 12) facing each other with
a space therebetween;

a liquid crystal substance (13) sandwiched be-
tween the pair of substrates (1, 12);

aplurality of columnar spacers (10) independent
from each other which regulate the space be-
tween the pair of substrates (1, 12) said plurality
of columnar spacers being formed on one of the
pair of substrates (1, 12); and

an orientation film formed on said one of the pair
of substrates, over said columnar spacers;
wherein the placement density of said columnar
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spacers (10) is 100 to 2000/mm2, and

the cross-sectional area of the columnar spacers
(10) is 5 to 25 um?2.

A liquid crystal display device according to Claim 1,
wherein a plurality of pixel electrodes (22) are formed
in a matrix on one of the pair of substrates (21), and
the columnar spacers (23) are disposed equally at
each pixel electrode.

A liquid crystal display device according to one of
Claims 1 and 2, wherein the columnar spacers (23)
are disposed in a checkered manner.

A liquid crystal display device according to one of
Claims 1 to 3, wherein the distance between an ar-
bitrary one of the columnar spacers (23) and the plu-
rality of columnar spacers adjacent thereto is sub-
stantially constant.

A manufacturing method of a liquid crystal display
device having a structure in which a liquid crystal
substance (13) is sandwiched between a pair of sub-
strates (1, 12) facing each other; said method com-
prising

a step of forming columnar spacers (10) having a
cross-sectional area of 5 to 25 um?2 at a placement
density of 100 to 2000/mm? on one of the pair of
substrates (1, 12);

a step of forming an orientation film on said one of
the pair of substrates, over the spacers; and

a step of rubbing said orientation film.

A manufacturing method according to Claim 5, fur-
ther comprising the steps of:

applying a photosensitive resin on one of said
pair of substrates (1, 12);

drying said photosensitive resin to form a pho-
tosensitive resin layer; and

machining said photosensitive resin layer into
columnar spacers (10) by a photo-lithographic
method.

Patentanspriiche

1.

Flussigkristallanzeige aufweisend

ein Paar von Substraten (1, 12), die sich mit einem
Abstand dazwischen gegenuber liegen;

eine Flussigkristallsubstanz (13), die zwischen dem
Paar der Substrate (1, 12) angeordnet ist;

mehrere voneinander unabhangige saulenférmige
Abstandshalter (10), die den Abstand zwischen dem
Paar der Substrate (1, 12) bestimmen, wobei die
mehreren saulenférmigen Abstandshalter auf einem
des Paars der Substrate (1, 12) gebildet sind; und
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einen Orientierungsfilm, der auf dem einen des
Paars der Substrate Uber den saulenférmigen Ab-
standshaltern gebildet ist;

wobei die Bestlickungsdichte der saulenférmigen
Abstandshalter (10) 100 bis 2000/mm? betragt, und
die Querschnittflache der sdulenférmigen Abstands-
halter (10) 5 bis 25 wm? betragt.

Flussigkristallanzeige gemafl Anspruch 1, wobei
mehrere Pixel-Elektroden (22) in einer Matrix auf ei-
nem des Paars der Substrate (21) gebildet sind, und
die saulenférmigen Abstandshalter (23) gleichma-
Rig an jeder Pixel-Elektrode angeordnet sind.

Flussigkristallanzeige gemaR einem der Anspriiche
1 und 2, wobei die sdulenférmigen Abstandshalter
(23) in einer schachbrettartigen Weise angeordnet
sind.

Flussigkristallanzeige gemaR einem der Anspriche
1 bis 3, wobei der Abstand zwischen einem beliebi-
gen der saulenférmigen Abstandshalter (23) und
den mehreren dazu benachbarten saulenférmigen
Abstandshaltern im Wesentlichen konstant ist.

Herstellungsverfahren einer Fllssigkristallanzeige,
die eine Struktur aufweist, in der eine Flissigkristall-
substanz (13) zwischen einem Paar von Substraten
(1, 12) angeordnet ist, die einander gegentberlie-
gen, wobei das Verfahren aufweist

einen Schritt des Bildens saulenférmiger Abstands-
halter (10), die eine Querschnittflache von 5 bis 25
wm2 bei einer Bestlickungsdichte von 100 bis
2000/mm?2 auf einem des Paars der Substrate (1,
12) aufweisen;

einen Schritt des Bildens eines Orientierungsfilms
auf dem einen des Paars der Substrate Uber den
Abstandshaltern; und

einen Schritt des Abreibens des Orientierungsfilms.

Herstellungsverfahren gemaf Anspruch 5, das fer-
ner die Schritte aufweist Aufbringen eines fotosen-
sitiven Harzes auf eines des Paars der Substrate (,
12); Trocknen des fotosensitiven Harzes, um eine
fotosensitive Harzschicht zu bilden; und
Verarbeiten der fotosensitiven Harzschicht in sdu-
lenférmige Abstandshalter (10) mittels eines fotoli-
thographischen Verfahrens.

Revendications

Dispositif d’affichage a cristaux liquides comportant :

une paire de substrats (1, 12) en vis-a-vis avec
un espace entre eux ;

une substance a cristaux liquides (13) prise en
sandwich entre la paire de substrats (1, 12) ;
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une pluralité d’éléments d’espacement sous for-
me de colonne (10) indépendants les uns des
autres qui régulent I'espace entre la paire de
substrats (1, 12), ladite pluralité d’éléments
d’espacement en forme de colonne étant for-
mée sur I'un de la paire de substrats (1, 12) ; et
un film d’orientation formé sur ledit premier de
la paire de substrats, au-dessus des éléments
d’espacement en forme de colonne ;

dans lequel la densité de placement desdits élé-
ments en forme de colonne (10) est de 100 a
2000/mm?2, et

la zone en coupe transversale des éléments
d’espacement en forme de colonne (10) est de
5425 um2,

Dispositif d’affichage a cristaux liquides selon la re-
vendication 1, dans lequel une pluralité d’électrodes
de pixel (22) sont formées dans une matrice sur 'un
de la paire de substrats (21), et les éléments d’es-
pacement en forme de colonne (23) sont disposés
de fagon égale a chaque électrode de pixel.

Dispositif d’affichage a cristaux liquides selon I'une
des revendications 1 et 2, dans lequel les éléments
d’espacement en forme de colonne (23) sont dispo-
sés en damier.

Dispositif d’affichage a cristaux liquides selon I'une
des revendications 1 a 3, dans lequel la distance
entre un élément d’espacement en forme de colonne
arbitraire parmiles éléments d’espacementen forme
de colonne (23) et la pluralité d’éléments d’espace-
ment en forme de colonne adjacents est sensible-
ment constante.

Procédé de fabrication d'un dispositif d’affichage
cristaux liquide présentant une structure dans la-
quelle une substance a cristaux liquide (13) est prise
en sandwich entre la paire de substrats (1, 12) en
vis-a-vis ; ledit procédé comportant :

une étape de formation des éléments d’espace-
ment en forme de colonne (10) possédant une
zone en coupe transversale de 5 a 25 pm? a
une densité de placement de 100 & 2000/mm?2
sur I'un de la paire de substrats (1, 12) ;

une étape de formation d’un film d’orientation
sur ledit premier de la paire de substrats, au-
dessus des éléments d’espacement ; et

une étape de frottement du film d’orientation.

6. Procédé de fabrication selon la revendication 5,

comportant en outre les étapes consistant a :

I'application d’une résine photosensible sur 'un
de ladite paire de substrats (1, 12) ;
le séchage de la résine photosensible pour for-
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10

mer une couche de résine photosensible ; et
l'usinage de ladite couche de résine photosen-
sible en éléments d’espacement en forme de
colonne (10) par un procédé photolithographi-
que.
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