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Title of the Invention:

.Liquid crystal display device with wide viewing
angle characteristics comprising high resistivity

black matrix

Background of the Invention:
Field of the Invention;

The present invention relates to a liquid crystal
display device and, particularly, to an active matrix
liquid crystal display device of a high picture quality
with wide viewing angle characteristics comprising high
resistivity black matrix and with excellent
light-shielding ability.

Description of the Prior Art;

Display devices using a 1iqﬁid crystal eisplay
device having reduced thickness and reduced weight and
consuming decreased amounts of electric power have in
recent yeers been widely used for personal computers,
word processors and other information equipment.

Basically, the liquid crystal display device has
a matrix made up of a number of electrodes arranged
horizontally and vertically and a liquid crystal layer
interposed between the horizontal electrodes and the
vertical electrodes, and pixels are formed at the

portions where two electrodes intersect each other to
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The presgnt. |gvent|on relates to a I|qU|d crystal di spl ay device and,

particularly, ‘to an active matrix 10 |l iquid crystal display device of a
hi gh picture quality with wide viewi ng angle characteristics

conpri sing high resistivity black matrix and with excell ent

i ght-shielding ability. Description of the Prior Art; 15 .

Di splay devices using a liquid crystal display devi ce havi ng reduced
t hi ckness and. reduced wei ght and consum ng decreased anounts of

el ectric power have in recent years been w dely used for personal

conputers, dispwg&dap£8898iﬁéﬁsfSﬁhf“ﬁE%tdfg5””ﬁii0“ equi prent .
The liquid crystal display devices of this kind
can be divided into those of a so-called passive matrix
system which selects a predetermined pixel at a timing
5 of a pulse applied to horizontal and vertical

electrodes, and those of a so-called active matrix
system in which a nonlinear element such as transistor
or the like is provided in each pixel and a
predetermined nonlinear element is selected.

10 In a liquid crystal display device of the active
matrix.system, non-linear elements (switching elements)
are provided at positions corresponding to a plurality
of pixel electrodes arranged in the form of a matrix.
Theoretically, the liquid crystal in each pixel is

15 driven at all times (duty ratio of 1.0). Compared with
the so-called passive matrix system employing a
time-division multiplex driving system, therefore, the
active matrix system exhibits a good contrest and has
been establishing a technique that is indispensable

20 particularly in the color liquid crystal display
devices. Thin-film transistors (TFTs) are
representative examples of the swiﬁching elements.

In a conventional thin-film transistor liquid
. crystal display element, transparent electrodes are so

25 formed as to face each other on the interface of two
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20 -  "7 Ba5|cally, t he Iqu|d crystal dlsplay devi ce has | a matrix

made up of a number of el ectrodes arranged hori zontal | y and
vertically and a liquid crystal |ayer i nterposed between the
hori zontal el ectrodes and the vertical electrodes, and pixels are

fornmed at the 25 portions where two el ectrodes intersect each other to
-2-

substrates to drive the liquid crystal layer. |
That is, there has been employed a display system
as represented by a so-called twisted nematic display
system in which the direction 6f the electric field
5 applied to the liquid crystals is almost perpendicular
to the interface of the substrates owing to the
employment of the above-mentioned electrode structure.
As a system in which the direction of an electric
field applied to the liqﬁid crystals is almost in
10 parallel with the interface of the substrates,
furthermore, there has been proposed a system
(so-called an inplane electric field system) employing
a pair of comb-toothed electrodes formed on the surface
of at least one of the substrates for driving the
15 liquid crystal layer as disclosed in, for example,
Japanese Patent Publication No. 21907/1988 and Japanese
| Patent Laid-Open No. 36058/1995. The method of setting
comb-toothed electrodes and the method of its
fabrication have been proposed already by the present
20 applicant in Japanese Patent Application No.
105862/1995.
In such an electrode structure, the major axes of
lmolecules'of the liquid crystal layer (hereinafter also
referred to simply as liquid crystal molecules) are

25 substantially in parallel with the surfaces of the

This Sheet Has Been Replaced

AR

-3 - THIS SHEET HAS BEEN
REPLACED




di spl ay a two;di-nensional picture. -~ The liquid crystal display

devi ces of .this kind can be divided into those of a so-called passive
mat ri x system whi ch selects a predeterm ned pixel at a timng 5

of a pulse applied to horizontal and vertical el ectrodes, and those
of a so-called active matrix systemin which a nonlinear elenment such
as transistor or the like is provided in each pixel and a
predeterm ned nonlinear elenent is selected. 10 In a liquid crystal
di spl ay device of the active natrix systen1 non-1inear elenents

(sut Lo ng o SUERLE) cos, and 68" PURSEH SLyARN' WotRBuiZe’ $32°7 "0 10 @

suppressed from being erected in a direction
perpendicular to the substrates. Therefore, the
- brightness changes little even when the viewing angle
5 is changed; i.e., the so-called viewing angle
dependence does not almost exist, and wide viewing
anglé characteristics are accomplished compared with
those of the vertical electric field system.
In é conventional black mask interposed among the
10 colored layers of various colors and constituting the
substrate (color-filtér substrate) of a color filter,
furthermore, a pattern of thin film of metal chromium
or low-reflection metal chromium has been formed. Or,
a pattern of a thin layer of a photosensitive resin has
15 been formed, dispersing a black coloring agent, or
black carbon powder (chiefly graphite) therein, and
adding various pigments thereto.
The colored layers of the color-filter substrate
usually have a structure in which a protective layer
20 PSV2 is formed on the colored layers FIL(R), FIL(G),
FIL(B) of which the pattern regions are separated like
a mosaic or vertical stripes for each of the.pixels or
colors.
When the colored layers are fabricated by using

25 pigment-dispersed resin materials in the color filter
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of pixel electrodes arranged in the formof a matrix. - Theoretically,

t he I|qU|d crystal in each pixel is 15 driven at all times (duty ratio of
1.0). Conpared with the so-called passive matrix system enploying a
time-division nmultiplex driving system therefore, the - active matrix
system exhi bits a good contrast and has been establishing a technique
that is indispensable 20 particularly in the color liquid crystal display
devi ces. Thin-filn1transistors (TFTs) are representative exanpl es of
the switching el enents. In a conventional thin-filmtransistor

liquid Cﬁﬁﬁif“fdyfﬂﬂ a%c% %geﬂﬁtriﬁa@§83rfiﬂufﬁE%éﬁé%&f;é”é%f%%
devices, furthermore, the protective layer PSV2 is not
often employed.
Fig. 13 is a schematic sectional view
5 illustrating the constitution of a pixel that
constitutes an inplane electric field-type liquid
crystal display device and illustrating the turn-on
| operation,.wherein reference numeral 1 denotes a TFT
substrate, 1' denotes a color-filter substrate, 2
10 denotes a common electrode, 6 denotes an insulating
film, 11 denotes pixel electrodes, 12 denotes a
protective film, 17 denotes a black mask, and 18
denotes a color filter. |
. In Fig. 13, a liquid crystal layer is held
15 between the TFT substrate 1 and the color filter
substrate 1'.. On the surfaces of the protective film
12 and of the color filter 18 are formed orientation
films for establishing the initial orientation of
liquid crystal molecules of the liquid crystal layer._
20 Moreover, though not shown in FIG. 13, polarizer plates
are installed on the outer surface sides of the TFT
substrate 1 and the color filter substrate 1°'.
In the above mentioned inplane electric field
liquid crystal display device, the pixel electrodes 11

25 and the common electrode 2 are formed on one substrate
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25 - forped as to face each other-on the interface of two
3 ' substrates to drive the liquid crystal |ayer.

is, there has been enployed a display system
so-called tw sted nematic display

the electric field 5 applied to the liquid crystals is al nost

per pendi cul ar

10

15

20

25

(TFT substrate 1), and on the other subst;éke
(color-filter substrate 1') is formed a célor filter 18
that constitutes a color of a pixel demarcated by the
black mask 17.

The black mask 17 demarcating the color filter
prevents the reflection of external light and enhances
the ‘contrast by absorbing light from the neighboring

pixels.

Summary of the Invention:

In a conventional vertical electric field liquid
crystal display device having a common electrode formed
on the side of the color-filter substrate, the black
mask constituting the color-filter substrate is
required to have a high light ébsorption factor and a
low light reflection factor. However, no consideration
concerning the resistivity of the black mask has been
taken.

That is, in the above-mentioned black mask using
a resin material, a large amount of graphite is added
particularly to improve the absorption factor.
Therefore, the resistivity decreases with an increase
in the amount of graphite added. When metal chromium
is used for the black mask, furthermore, the light-

shielding ability is improved greatly and the
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to the interface of the substrates owing to the enploynent of the
above- ment i oned el ectrode structure. As a systemin which the
direction of an electric field applied to the liquid crystals is
almost in 10 parallel wth the interface of the substrates,

furthernore, there has been proposed a system (so-calted an inplane
electric field system enploying a pair of conb-toothed el ectrodes
formed on the surface of at |least one of the substrates for driving
the 15 liquid crystal |layer as disclosed in, for exanple, Japanese
Patent Publicatiqn No. 21907/1988 and Japapese Pat ent Lai d- Open No.
36058/ 1995. THESHSHHIItYr PESPPeivery s .

In the inplane electric field-type liquid crystal
display device in which the black mask has a small
resistivity, however, the lines of electric force from

5 the pixel electrodes 11 are attracted by the black mask
17 having a small resistivity, as shown in Fig. 13,
when a voltage is applied between the pixel electrodes
11 and the common electrode 2 to turn the pixel on, and

. the pattern of electric field is disturbed and tilted

10 with respect to the interface of the substrates. AS a
result, the horizontal component of the lines of
electric force is weakened, and a desired light
transmission factor is not obtained. Alternatively,
so-called domains occur at positions of the pixzel

15 electrodes 11 and the common electrode 2. Accordingly,
the contrast is degraded, color display becomes
nonuniform, and a good picture quality is not obtained.

Figé. 14A and 14B are schematic diagrams
illustrating a pixel in an inplane electric field

20 liquid crystal display device having two comb-toothed
common electrodes arranged in a pixel. Fig. 14A is a
plan view and Fig. 14B is a sectional view cut along
the line A-A' in Fig. 14A. A color filter is formed on
a'portion surrounded by the black mask 17, and various

25 films are formed thereon and on the common electrodes 2

I

[



conb- t oot hed glectrodes and the nmethod of its fabrication havé been
proposed already by the present 20 applicant i.n Japanese Patent

Application No. . 105862/ 1995. I'n such an el ectrode
structure, the major axes of nol ecul es of the liquid crystal |ayer
(hereinafter also referred to sinply as liquid crystal nolecules) are

25 substantially in parallel with the surfaces of the

and on the pixel electrodes 11, which, however, ére not
shown here.
In Figs. 14A and 14B, a pixel is formed in an

open region surrounded by the black mask, a pixel

5 electrode 11 and a common electrode 2 aré arranged in
this region, and a liquid crystal layer is held between
the TFT substrate 1 and the color filter substrate 1'.
The black mask has a resistivity of not larger than 104
Q-cm.

10 By a signal voltage applied for turn on, an
electriclfield is generated between the common
electrode 2 and the neighboring pixel electrode 11.
This electric field acts strongly upon the liquid
crystal molecules depending upon the magnitude of the

15 épplied signal voltage, whereby the orientation of
liquid crystal molecules rotates and light passes from
the TFT substrate 1 to the color-filter substrate 1' at
an increased transmission factor.

Fig. 15 is a diagram illustrating the

20 transmission factor that varies depending upon the
position in the gap between the common electrode 2 and
the pixel electrode 11 shown in Fig. 14A, wherein a
spot a denotes a position away from the black mask 17
and a spot b denotes a position close to the black mask

25 17.
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C-4- .Substrates, and the liquid crystal nol ecul es are

suppressed fronlbelng erected in a direction perpendi cul ar to the
substrates. - Therefore, the "~ brightness changes little even when the
viewing angle - 5 is changed; i.e., the so-called view ng angle
dependence does not al nost exist, and w de view ng angl e _
characteristics are acconpllshed conpared with those of the vertical
electric field system In a conventional black nmask interposed
anong the

As shown, the transmission factor increases with
an increase in the signal voltage applied between the
common electrode 2 and the pixel electrode 11. As
shown in Fig. 14A, however, since the spot b is located

5 close to the black mask 17, the electric field pattern
is formed at a sharp angle with respect to the surface
of the substrate. Accordingly, in a change in the
transmission factor with an increase in the voltage,
the rise is behind that of the spot a. 1In Fig. 15, the

10 voltage of the spot b must be increased by about one
volt with respect to the spot a to obtain the same
transmission factor.

When the same voltage is applied, therefore, the
transmission factor differs between the central portion

15 and the per1phera1 portion in a pixel, and the color
becomes nonuniform.

‘The object of the present invention is to provide
a liquid'crystal display device of a so-called inplane
electric field device having an improved light-

20 shielding ability, suppressing disturbance of the
pattern of electric field, and displaying a picture of
“high quality without nonuniformity in color.

In order to accomplish the above-mentioned

object, means 1 is characterized in that, a liquid

25 crystal display device comprises a black mask formed on
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.10 - col ored Iayers of various colors. and constituting t he substrate

(col or - fi'lter substrate) of a color filter, furthernore, a pattern of
thin filmof nmetal chrom um or lowreflection netal chronium has been
formed. O, a pattern of a thin |ayer of a photosensitive resin has
15 been forned di spersing a bl ack col ori ng agent, or bl ack carbon
powder (chiefly graphite) therein, and ~addi ng various pignents

t her et o. The col ored layers of the color-filter substrate

usually have a structure in which a protective layer 20 PSV2 is forned on
ﬁggigggogfg LZ%E§ZF£IL&P%§ gkLgc%strates alLfésséﬁoﬂgné¥1dﬁ1%hpigtern
transparent, a group of electrodes formed on at least
one of the pair of substrates, a liquid crystal layer
comprising a liquid crystal composition substance
5 having a dielectric anisotropy and held between the
pair of éubstrates, an orientation control film formed
between the liquid crystal layer and one of the
substrates for orienting the liquid crystal molecules
of the liquid cfystal composition substance in a
10 predetermined direction, a polarizing means laminated
on at least one of the pair of substrates, and a drive
means for applying a drive voltage to the group of
electrodes, wherein the group of electrodes has a
structure that the electrodes are so arranged as to
15 generate an electric field having a component
predbminanﬁly in parallel with the interface between
the orientation control film and the liquid crystal
layer, said liquid crystal composition substance has a
resistivity of not smaller than 10N Q.cm, and said
20 black mask has a resistivity of not smaller than 10M
| Q-cm, wherein N and M are integers satisfying the
relationships N > 9 and M > 6.
Means 2 is characterized in that a liquid crystal
display device comprises a black mask formed on one of

25 a pair of substrates at least one of which is

_—
This Sheet Has Been R,

[T




a nosaic,or vertical stripes for each of the pixels or - col ors.

When the colored |ayers are fabricated by using 25 pignent-dispersed
resin materials in the color filter used for the active
matri x-type liquid crystal display devices, furthernore, the
protective |ayer PSV2 is not

transparent, a group of electrodes formed on at least
one of the pair of substrates, a liquid crystal layer
comprising a liquid crystal composition substance
having a dielectric anisotropy and held between the
5 pair of substrates, an orientation control film formed
between the liquid crystal layer and one of the
substrates for orienting the liquid crys£a1 molecules
of the liquid crystal composition substance in a
predetermined direction, a polarizing means laminated
10 on at least one of the pair of substrates, and a drive
means for applying a drive voltage to the group of
electrodes, wherein the group of electrodes has a
structure that the electrodes are so arranged as to
generate an electric field having a component
15 predominantly in parallel with the interface between
the orientation control film and fhe liquid crystél
layer, said liquid crystal composition substance has a
resistivity of not smaller than 10N Q.cm, and said
black mask has a resistivity of.not smaller than 10M
20 Q-cm, wherein N and M are integers satisfying the
relationships N > 13 and M > 7.
Means 3, according to means 1 or 2, is
characterized in that metal oxide particles are
contained in the black mask.

25 Means 4, according to means 3, is characterized
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of ten_enpl oyed. Fig. 13 is a schematic sectional view 5

|IIustrat|ng the constitution of a pi xel that constitutes an inplane
electric field-type liquid - crystal display device and illustrating
the turn-on "~ operation, wherein reference nuneral 1 denotes a TFT
substrate, 1' denotes a color-filter substrate, 2 10 denotes a common

el ectrode, 6 denotes an insulating film 11 denotes pixel electrodes,
12 denotes a protective film 17 denotes a bl ack mask, and 18
denotes a color filter. : In Fig. 13, a liquid crystal layer is
hel d

in that metal oxide particles are particles of at least
one of cobalt oxide, chromium oxide, manganese oxide
and nickel oxid.

Means 5, according to means 3, is characterized

5 in that either or both of an organic pigment and a
graphite powder are contained in the black mask in
addition to the meatl oxide particles.

Means 6, according to means 4, is characterized
in that fhe cobalt oxide particles are chiefly

10 tricobalt tetroxide particles.

Means 7, according to means 4, is characterized
in that any one of chromium oxide, manganese oxide and
nickel oxide is contained in addition to the cobalt
oxide.

15 Means 8, according to means 1 or 2, is
characterized in that the black mask contains the
polyimide resin as a base material.

Meahs 9, according to means 8, is characterized
in that the base material of the black mask is a resin

20 material having a polyimide group, the composition of
the resin material contains a componeﬁt that is cured
by light and a component that is cured by heat, and the
optical density increases as the resin material is

cured by heat.

25 Means 10, according to means 8 or 9, is
I —
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15+ between the TFT substrate 1 and the color filter substrate 1'.

On the surfaces of the protective film 12 and of the color filter 18
are formed orientation films for establishing the initial orientation
of liquid crystal nolecules of the liquid crystal layer. 20

Mor eover, though not shown in FIG 13, polarizer plates are installed
on the outer surface sides of the TFT substrate 1 and the col or
filter substrate 1'. B I n the above nentioned inplane electric
field li'quid crystal display device, the pixel electrodes 11 25

and the common ﬁgf§é€é¥¥%e aret%_tn%geogl SUbﬁtigigbmposed of a

polyimide resin material which contains at least one or
more kinds of black coloring agents and other coloring
agents different from the black éoloring agents.
5 Furthermore, means 11, according to means 8 or 9,
is characterized in that the black mask is composed of
a polyimide resin material in which.metal oxide
particles are mixed as a black coloring agent.
In the constitution of the above-mentioned means
10 1, the biack matrix formed on one of the pair of
substrates shuts off the entry of light from the
neighboring pixels that are turned on, contributing to
increasing the contrast of a display image.
The group of electrodes formed on one or both of
15 the pair of substrates comprise a common electrode and
~ a pixel électrode, and forms an electric field pattern
between the two electrodes when the pixél is turned on
to rotate the orientation of liquid crystal molecules
of.a liquid crystal composition substance that
20 constitutes the liquid crystal layer, so that the light
transmission factor changes. The orientation control
film (orientation film) works to ofient the liquid
érystal molecule of the liquid crystal composition
substance in a predetermined direction when no electric

25 field is applied.
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6 - . (TFT substrate 1) and on the other substrate

(color filter substrate 1') is fornmed a color filter 18 t hat
constitutes a color of a pixel demarcated by the bl ack mask 17.
The bl ack nmask 17 demarcating the color filter prevents the
reflection of external |ight and enhances

The polarizing means is laminated on at least one
of the pair of substrates, and permits the passage of
light that is polarized in a specific direction before
entering into the liquid crystal layer or after having

5 passed through the liquid crystal layer.

The drive means applies a drive voltage to the
group of electrodes to turn a predetermined pixél on to
display an image.

The group of electrodes has a structure that the

10 electrodes are so arranged as ﬁo generate an electric
field having a componet predominantly in parallel with
the interface between the orientation control layer and
the liquid crystal layer. When the electric field is
generated between the common electrode and the pixel

15 electrode constituting the group of electrodes, the
liquid crystal molecules are rotated in a plane
substantially in parallel with the interface.

The.liquid crystal compoéition substance has a
resiétivity of not sméller than 10¥ Q-cm and the black

20 mask hés a resistivity of not smaller than 104 Q-cm
(where N and M are integers) satisfying the
relationships N > 9 and M > 6, thereby to effectively
generate an electric field component in parallel with
the substrates.

25 Accordingly, the liquid crystal molecules rotate
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t.he: contrast Dy absorbing Iight fromthe nei ghboring pi xel s. 10
Summary of the Invention: In a conventional vertical electric
field liquid crystal display device having a conmon el ectrode forned
on the side of the color-filter substrate, the black mask
constituting the color-filter substrate is 15 required to have a high

| i ght absorption factor and a | ow light reflection factor. However,
no consi deration concerning the resistivity of the black mask has
been - taken.

in a plane substantially in parallel with the
interface, making it possible to suppress the
occurrence of so-called domains and the rise of the
drive voltage. | |

5 In the consfitution of means 2, furthermore, the
liquid crystal composition substance has a resistivity
of not smaller than 10%¥ Q-cm and the black mask has a
resistivity of not smaller than 10¥ Q-cm (where N and M
are integers) satisfying relationships N > 13 and M >

10 7, thereby to more effecﬁively generate an electric
field component in parallel with the substrates than
that of means 1.

Accordingly, the liquid crystal molecules rotate

in a plane substantially in parallel with the

15 interface, making it possible to furﬁher suppress the
occurrence of so-called domains and the rise of the
drive voltage.

In fhe constitution of means 3, furthermore,

metal oxide particles are contained in the black mask

20 formed on one of the pair of substrates at least one of
which is transparent. Therefore, the black mask
exhibits an increased resistivity yet maintaining an
optical density, and the electrié field component is
more effectively generated between the electrodes in a

25 plane nearly in parallel with the above-mentioned

il



That is, ,in the above- ment i oned bl ack mask using 20 a resin material, a

| ar ge amount of graphite is added particularly to inprove the
absorption factor. Therefore, the resistivity decreases wtt—an
I ncrease . in the amount of graphite added. Wien netal ch

_ ! i
used for the black mask, furthermore, the light- - 25 shieldi i e
Torovca reatl 3 an s h LTI

Accordingly, the liquid crystal molecules rotate .

interface.

in a plane nearly in parallel with the interface,
_ making it possible to suppress the occurrence of
5 so-called domains and the rise in the drive voltage,
énd enabling the light transmission factor to be
improved.
In the constitution of means 4, furthermore, the |
black mask contains cobalt oxide particles, chromium
10 oxide particles, manganese oxide particles or nickel
oxide particies so as to possess an increased optical
density and an increased resistivity. Thereforé, the
electric field component is generated more effectively
between the electrodes in a plane in parallel with the
15 above-mentioned interface.
Accordingly, the liquid crystal molecules rotate
in a plane nearly in parallel with the interface,
- making it possible to suppress the occurrence of
so-called domains and the rise of the drive voltage,
20 and enabling the light transmission factor to be
improved.
.In the constitution of means 5, the black mask
contains either or both of an organic pigment and a
graphite powder in addition to the metal oxide

25 particles so as to possess an increased resistivity and
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resi stivity beconmes very smal | .
field-type liquid crystal

llnjthe | npl ane electric

dlsplay'deV|ce I n which the bl ack mask has

a

snmal | resistivity, however, the lines ﬁm5%$@§@$3 from 5 t he
pi xel electrodes 11 are attracted by the bIa 7 having a smal
resistivity, as shown in Fig. 13, mhen pplied between
t he pi xel el ectrodes 11 and the common e ectrode 2 to turn the pixel

on, and

the pattern of electric field is disturbed and tilted 10

with respect to the interface of the substrates. As a

10

15

20

25

to absorb light more efficiently. Accordingly, the
liquid crystal molecules rotate in a plane nearly in
parallel with the interface, making it possible to
suppress the occurrence of so-called domains and the
rise of the drive voltage, and enabling the light
transmission factor to be improved.

In the constitution of.means 6, tricobalt
tetroxide is chiefly used as the cobalt oxide particles
so that the black mask maintains the resistivity and
the absorbancy.

In the constitution of means 7, any one of
chromium 6xide, manganese oxide or nickel oxide is
contained in addition to the cobalt oxide, so that the
black mask maintains the resistivity and the 1i§ht
absorption factor.

In means 8 to 10, use is made of a polyimide
photosensitive resin, and a feature that the optical
density increases in the step of curing the resin by
light and heat is utilized in order to obtain a black
mask of nearly a black color having a high insulating
property.

That is, in the constitution of means 8, the
black mask is comprised of a material which contains a
polyimide resin as the base material and has a high

resistivity. Therefore, the insulating property is
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result, the horizontal conponent of the |ines of electric force is
a desired’|ight tTanmsnisst+oen factor i s not obtained.

weakened, and

Al ternatively, so-cal | edTlogRI: B, ggﬂr at positions of the pixel 15
el ectrodes 11 and the comon el rdlngly, t he contrast
I s degraded, col or display beco?ﬂ”ﬂf aiiform and a good picture
quality is not obtained. -and 14B are schematic

di agr anms illustrating a pixel in an |nplane electric field 20
l'iquid crystal display device having two conb-t oot hed conmon 148

is a sectionalP

el . Fig., 14A i | an view and Fi
el ectr odes arrﬁgggapﬁ%i IXG.ecrea ing, ang the elecg ric field J

10

15

20

component for rotating the llquid crystal molecules is
effectively generated in parallel with the interface.

In the constitution of meahs 9, the black mask is
made of a resin material having a polyimide group and
containing a component that is cured by light and a
component that is cured by heat. Therefore, there is
formed a black mask that is colored in black upon the
curing by heat, and exhibits a great light-shielding
ability.

In the constifution of means 10, the biack mask
is made of the polyimide resin material that contains
at least one or more kinds of black coloring agents aﬁd
other coloring agents than the above-mentioned black
coloring agents. Therefore, the black mask exhibits a
great light-shielding ability.

In the constitution of means 11, the black mask
is made of the polyimide resin material in which is
mixed metal oxide particles as a black coloring agent.
Therefore, the black mask exhibits a high resistivity
and a great light-shielding ability.

The above-mentioned polyimide-type photosensitive

resin has in the molecule skeleton thereof a functional

. group that absorbs visible rays but does not contain

25

carbon or graphite which has been conventionally
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the line,AAA',in Fig. 14A. A color filter is formed on a portion
surrounded by the-black—mask—1/4—and-various 25 filns are forned thereon

and on the common el S 12 - 8-
S pac! ¢%h. however, are not shown here.
rnmed in an

ctro
and on the pixel elé ‘Pﬁm_ ill

In Figs. 14A and 14B,
contained. It is therefore possible to set a low’

transmission factor without lowering the resistivity.
The foregoing and other objects, advantages,
manner of operation and novel features of the present
5 invention will be understood from the following
-detailed description when read in connection with the

accompanying drawings.

Brief Description of the Drawings:

10 Figs. 1A to 1D are schematic diagrams of a pixel
for explaining the operation of an inplane electric
field-type liquid crystal display device;

Figs. 2A to 2C are diagrams illustrating a
structure of a TFT substrate constituting an embodiment

15 of an inplane electrié field liquid crystal display
device;

Fig. 3 is a diagram illustrating_example lor 2
of the structure of a color-filter substrate in the
inplane eleciric field liquid crystal display device;

20 Fig. 4 is a schematic diag:am of an electric
field pattern in a pixel in cross section constituting
the embodiment 1 or 2 of the inplane electric field
liquid crystal display device;

Fig. 5 is a diagram illustrating a rise of the

25 drive voltage relative to the resistivity of the black
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lOpEﬂ regi,on syrrounded by the bl ack mask, a plxel 5 el ectrode 11 and a

conﬁﬁﬁ—e+ee%Fede—2_aLe arranged in this region, and a liquid crystal

| ayek, .| Q bet ween : the TFT substrate 1 and the color filter
substEALEe ““Rﬁlmq%e bl ack mask has a resistivity of not larger than 104
[err] Hw l” By a signal voltage applied for turn on, an

elect nerated bet ween t he common electrode 2 and the
nelghbor|ng pi xel el ectrode 11. This electric field acts strongly
upon the liquid crystal nol ecul es dependi ng upon the magnitude of the

15 applied 08008 Qredd EneResEBY 1 bRy °5t oA L crystal
layer of the inplane electfic field liquid crystal
display device is changed; |

Fiﬁ. 6 is a diagram illustrating a change in the |
5 resistivity of the black mask relative to the content
of carbon therein and a change in the optical density
of when the film thickness is 1 uym, in the embodimeﬁt 1
of the present invention;
Fig. 7 is a sectional view illustrating an
10 essential portion of the color-filter substrate used in
the embodiment 3 of the inplane electric field color
liquid crystal display device;
Fig. 8 is a diagram schematically illustrating
the steps of forming the black mask shown in Fig. 7;
15 Fig. 9 is a diagram illustrating the steps of
fabricating the color-filter substrate shown in Fig. 7;
Fig. 10 is a diagram showing the connection of an
equivaleht circuit of a display matrix unit and the
peripheral circuits in a liquid crjstal display device;
20 Fig. 11 is an exploded perspective view
illustrating an example of the constitution of the
liquid crystal display device according to the present
invention;
Fig. 12 is a diagram showing the appearance of a

25 personal computer for explaining an information
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liquid crystal nolecules rotates and |ight pasées from-: the TFT

substrate 1 to the color-filter substrate 1' at an increased

transm ssion factor. Fig. 15 is a diagrami || ust rBisiShept HisBeenXiplaced
transm ssion factor that varies dependi ng upon the posi [ 110
gap between the common el ectrode 2 and the pixel electr Nl
in Fig. 14A, wherein a . spot a denotes a position away fromthe

mask 17 and a spot b denotes a position close to the black mask 25

17. ' _

processing device in which a liquid crystal display
device of the present invention is mounted;
Fig. 13 is a sectional view for schematically
illustrating_the constitution of a pixel constituting
5 an inplane electric field liquid crystal display device
and for illustrating the turn-on operation; |
Figs. 14A and 14B are schematic diagrams of a
pixel in an inplane electric field liquid crystal
display device in which two comb-toothed common
10 electrodes are arranged in a pixel; and
Fig. 15 is a diagram illustrating a éhange in the
transmission factor depending upon the position in the
gap between the pixel electrode and the common
electrode shown in Figs. 14A and 14B.
15
Description of the Preferred Embodiments:
Embodiments of the present invention will now be
_described in detail with reference to the drawings.
Figs. 1A to 1D are schematic diagrams of a pixel
20  for explaining the operation of a liquid crystal
display device to which the present invention is
applied. Fig. 1A is a sectional view of when no
voltage is applied, Fig. 1B is a sectional view of when
a voltage is applied, Fig. 1C is a plan view of when no

25 voltage is applied, and Fig. 1D is a plan view of when
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9 . o As shown, the transmi ssion factor increases with an-
i ncrease’in the si gnal voltage appl i ed between the Gﬁﬂnn el ectrode 2

and the pixel electrode 11. As shown in F| : 14A ver, since the
spot b is located 5 cl ose to the bl ack tr|c field
pattern is formed at a sharp angle wt H he surface

of the substrate. Accordingly, in a change i

a voltage is applied. The voltage referred to here is
a selection voltage applied between the common
electrode and the pixel electrode.
In Figs._lA and 1B, reference numerals 1 and 1°
5 denote tranépérent glass substrates (hereinafter also
referred to simply as substrates), 2 denotes a common
electrode, 6 denotes an insulating film, 10 denotes a
signal wiring, 11 denotes a pixel eléctrode, 12 denotes
a piotective f£ilm, 13 and 13' denote polarizer plates,
10 14 and 14' denote axes of polarization of the polarizer
plates, 15 denotes the orientation of liquid crystal
molecules, 16 denotes the direction of an electric
field, 17 denotes a black mask (BM), 18 denotes a color
filter, 19 denotes a protective film (flattening film),
15 20 and 20' denote orientation films, and reference
numeral 21 denotes liquid crystal molecules (chiefly
rod-like liquid crystal molecules).
The'liquid crystal display device compiises the
polarizer plate 13', black mask 17 for shielding light,
20 color filter 18, protective film 19 and orientation
film 20' that are formed on one substrate (color-filter
substrate 1') of two transparent glass substrates 1 and
1'. On the other substrate (TFT substrate) 1 via the
liquid crystal 21 are formed the polarizer plate 13,

25 orientation film 20, signal electrode 10, pixel
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transm ssion factor Wi th an increase in the voltage, " theriseis

behi nd that of the spot a—~#n—F+g——45__Lhe_~10 vol t age of the spot b nust

be increased by about one with respect to the spot a to obtain
the sane transni ssi of® SB“mem“”d When the sane voltage is
applied, therefore, the;.%- tmtu, factor differs between the

. central portion 15 and th rtion in a pixel, and the color
becomes nonuni f orm The object of. the present invention is to
provi de a liquid crystal display device of a so-called inplane

electric field fdew ¢od qﬁ}n%ommonngigéggo&éggf'wirings and thin-film

transistor (TFT). Figs. 1A and 1B do not illustrate
wirings or thin-film transistors.

Referring to Figs. 1A and 1C, the liquid crystal

5 molecules 21 are oriented homogeniously by the

orientation films 20, 20' in thé direction 15 of
orientation which is nearly in parallel with the planes
of the substrates 1, 1'. In this state, the direction
of initial orientation of liquid crystal molecules 21

10  is nearly in agreement with the axis 14 of polarization
of the polarizer plate 13, and the axis 14' of
polarization of the upper polafizer plate 13' is
perpendicular thereto and the pixel is in a non-display
(turned-off) state.

15 Referring next to Figs. 1B and 1D, the voltage is
applied between the common electrode 2 and the pixel
electrodé 11 formed on the substrate 1 to form an
electric field (the direction 16 of electric field) in
a direction nearly in parallel with the interface of

20 the substrates 1, 1'. Then, the liquid crysfal
molecules 21 are oriented and rotated in a plane nearly
in parallel with the interface of the substrates 1, 1.
Accordingly; the pixel is placed in a display |
(turned-on) state. A large number of pixels are

25 arranged to constitute a display device.
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20 - shiqlding ability, .suppressing disturbanée_of the - ~ pattern of
electric field,~and displaying a picture of hi gh quality w thout

nonuni formity in ¢gs SHeet Has Been Replaced | n order to acconplish the

above- nenti oned i s 1is characterized in that, a liquid 25
crystal display de+“| a black mask formed on
0 ! o

1

Figs. 2A tol2C are diagrams illustrating the
Structure of a TFT substrate which constitutes a liquid
crystal display device of én embodiment of the present
invention, wherein Fig. 2A is a plan view, Fig. 2B is a

5 sectional view taken along the line A-A' of Fig. 2a,
and Fig. 2C is a sectional view taken along the line
B-B' of Fig. 2A. |

In Figs. 2A to 2C, the samé reference numerals as
those of Figs. 1A to 1D denote the same portions,

10 reference numeral 3 denotes a common wiring, 4 denotes
a scanning electrode, 5 denotes a scanning wiring, 6
denotes an insulating film, 7 denotes a semiconductor
layer, 8 denotes a thin-film transistor portion (TFT
portion), 10 denotes a signal wiring, 11 denotes pixel

15 electrodes, and li.denotes a protective film.

The scanning electrode 4, scanning wiring 5,
common electrodes 2 and common wiring 3 are provided in
the same'layer and are made of the same material. The
semiconductor layer 7 is formed via the thin layer and

20  the insulating film 6, and the signal wiring 10 and the
pixel electrode 11 are formed in the same layer using
the same material.

Part of the pixel electrode 11 is so arranged as
to overlap with the common wiring 3 in a direction

25  perpendicular to the surface of the substrate via the
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| east one of thes
drive vol tage

10

15

20

25

one of a pair, of substrates at |east one of which is - transparent, a
gneaﬁ—e%—e#ECTTUU§§—Tbrned on at |least ong of thelpalr of substrates,
a ligui r conprising a liquid crystal conposition

subs 5£ﬂ§ﬁ¥§&§hi ﬁMﬁa di el ectric anisotropy and hel d between the

pair mﬂ \Hllmw an orientation control filmformed ~ between the

i qui and one of the .substrates for orienting the
liquid crystal nol ecul es of the liquid crystal conposition substance
ina 10 predeternined direction, a polarizing nmeans | am nated on at

tidy fili 'y aE?:éatiﬂg g gébé{&.tance E@%J  applying a

to the group
signal voltage that is applied between the pixel

eleétrode'll and the common electrode 2.

Fig. 3 is a diagram illustrating an example of
the structure of the color-filter subsfrate
constituting the liquid crystal display device
according of the embodiment 1 of the present invention,
wherein the same reference numerals as those of Figs.
1A to 1D denote the same portions.

As shown in Fig. 3, the color filter substrate
has a plurality of color filters (R G. B) demarcated by
the black mask 17 on one surface of the transparent
substrate 1', and further has the protective film
(smoothing layer) 19 and the orientation film 20°
formed thereon. The polarizer plate 13' is deposited
on the other surface of the transparent substrate 1'.

When the liquid crystal layer has a resistivity
of not sﬁaller than 10¥ Q-cm, the black mask 17
demarcating a plurality of color filters R, G and B
must have a resistivity of not smaller than 10M Q-cm,
satisfying the relationships N > 9 and M > 6, where N
and M are integers.

When the liquid crystal layer and the black mask
have such resistivities, the electric field pattern

formed by the selection voltage applied between the
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el ectrodes, Wwherein the group of ‘el ectrodes has a st ure that the

el ectrodes are so arranged as to 15 generate an electric field having a
conmponent predom nantly in parallel wth the |nterfaceTbeﬂwa&nsBuchmmmd
the orientation control filmand the liquid crystal _Iay
liquid crystal conposition substance has a resistiV|ty ' ,
than 10[err] [err] cm and said 20 bl ack mask has a reS|st|V|

smal l er than 10[err] ‘[err] cm wherein N and M are integers _
satisfying the relationships N>9 and M > 6. Means 2 is

char act er1 260 L ApbhdR ofab e’ S/ pixe1 ofa38LAleIRYL G o0 008 @

effectively increased component nearly in parallel with
the interface between the liquid crystal layer and the
orientation film, and makes it possible to suppress the
5 rise of the drive voltage. Furthermore, occurrence of
domains is greatly decreased, and high-contrast display
is obtained.
Fig. 4 is a sectional view schematically
illustrating an electric field pattern of a pixel that
10 constitutes the liquid crystal display device of the
embodiment 1 according to the present invention,
wherein the lines of electric force generated between
the common electrode 2 and the pixel electrodes 11 are
not affected by the black mask 17, the electric field
15 pattern is nearly in parallel with the interface
between the liquid crystal layer and the orientation
film, occurrence of domains is greatly decreased at the
positioné of the pixel electrodes 11 and at the
position of the common electrodes 2, the transmission
20 factor is enhanced in the open region of the pixel, and
a high-contrast display is obtained.
The saﬁe effects are produced even when the
liquid crystal layer has a resistivity of not smaller
than 10¥ Q-cm and the black mask has a resistivity of

25 not smaller than 10¥ Q-cm (N and M are integers),
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25 ' a pajr of, substrates at |east one of_mhich'is . -11- :
transparent, a group of electrodes forned on at |east ©one of the pair
of substrates, a liquid crystal |ayer ‘Tldghedt HadBee@ReladLy d Cryst al

conposi tion substance having a dielectr |m','n1""m"ﬁn5mrnd hel d bet ween
t he

satisfying the relationships N > 13 and M > 7.

In embodiment 1, the material of the black mask
is blended with a mixture of an organic pigment and
carbon; i.e., the amount of carbon is adjusted so that

5 the above-mentioned desired resistivity is obtained.

Fig. 5 is a diagram illustrating the drivé
voltage relative to the resistivity of the black mask
of when the resistivities of the liquid crystal layer
and of the black mask of the aforementioned embodiment

10 1 are changed.

In Fig. 5, assuming that the allowable value of
drive voltage increase relative to the allowable value
of transmissivity change, which s hould be less than
one gray scale level, is not larger than 0.1 volt, the

15 resistivity of the black mask must be higher than 3 x
106 Q+-cm when the liquid crystal has a resistivity of
109 Q-cm, and the resistivity of the black mask must be
higher than 5 x 107 Q-cm when the liquid crystal has a
resistivity of 1013 Q-cm. |

20 From these facts, the aforementioned effects are
obtained by determining the values M and N satisfying
the relationships N> 9 and M > 6 or N > 13 and M > 7.

When the black mask-céntains carbon, the
resistivity decreases with an increase in the amount of

25 carbon that is contained and increases with a decrease
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5 pair of substrates, an orientation control filmformed between the
liquid crystal |ayer and one of the substrates for orienting the

l'iquid crystal nol ecul es conposi tion substance
in a predet er m ned dlrectlo neans | am nated 10 on at
| east one of the pair of substra means for applyrng a

drive voltage to the group e ectro es, mherern the group o
el ectrodes has a structure that the el ectrodes are so arranged as to
generate an.electric field having a conponent 15 predoninantly in

e e Sl A° Rt UEB0n.  an' PRCRLLED' A O BRI Jd | and

carbon results in an increase in the optical density
(hereinafter referred to as 0D vaiue). However, since
carbon is'electrically conductive, it decreases the

5 resistivity.

That is, the amount of carbon must be so set as
to satisfy the above-mentioned mutually conflicting
requirements.

Fig. 6 is a diagram illustrating a relationship

10 between the resistivity change of the black mask
depending upon the amount of carbon and the OD value of
the black mask of when the film thickness is 1 um,
wherein curve a represents the resistivity of the black
mask, and curve b represents the OD value.

15 ' In Fig. 6, the abscissa represents the amount of
carbon (relative value) in the black mask, the ordinate
of the left side represents the resistivity (Q-cm) of
the black mask and the ordinate of the right side
represents the OD value of when the film thickness is 1

20 ym. |

From the relationship between the resistivity
that varies depending upon the amount of carbon and the

 optical density (OD value) shown in Fig. 6, it is
understood that the resistivity of the black mask

25 becomes not smaller than 106 Q-cm when the relative
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| ayer, said |iquid crystal conposition substance has a - resistivity of
not smaller than 10[err] [err] cm and said bl ack mask has a
resistivity of Th@ShesttbBenRemkerd 10[err] 20 [err] cm wherein N and Mare
i nt egers sati sf e|atI0nShIpS N> 13 and M > 7.
Means 3, accordy‘jm‘ 2, is characterized in that netal

oxi de particles contalned in the black mask. 25 Means 4,
according to neans 3, is charactéerized

amount of carbon is about 50, and the OD value can be
determined to be more than 1.6 which is practically
satisfactory.

As described éarlier, the material of the black

5 mask contains a mixture of organic pigment and carbon,
and the mixing ratio of carbon is adjusted to
accomplish the resistivity that lies within the
above-mentioned range. The presént invention, however,
is in no way limited thereto only but a desired |

10 resistivity can be accomplished by using other
light-absorbing materials.

That is, in another embodiment 2 as shown in Fig.
3, the black mask 17 demarcating a plurality of color
filters R, G, B can be formed by a known lithographic

15 method by using a resist that contains particles of a
tricobalt tetroxide (Co30;) as particles of cbbalt
oxide.

It is further possible to uSe a resist that
contains tricobalt tetroxide and either or both of an

20 organic pigment and carbon (chiefly graphite).

It is further possible to use a resist containing
any one of chromium oxide, manganese oxide and nickel
oxide.

The mixing ratio of the components of the resist

25 is so adjusted that the black mask 17 has a resistivity
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12+ , », in that nmetal oxide particles are partlcles of at |east

one_of cobalt nvldgr—chron1un1OX|de manganese oxi de ~and ni ckel oxid.
Means b5, accordlng to means 3, is characterized 5 in that either or
botmhﬁﬂwﬁl gnent and a graphite powder are contained in the
black iil addltlon to the nmeatl oxide particles. Means
6, ac I s characteri zed In that the cobalt oxide
partic es are chlefly

of not smaller than 106 Q-cm.

Since the metal oxide particles such as cobalt
oxide particles are contained in the black mask, the
light abéorption factor can be further increased,

5 maintaining a large resistivity of the black mask.
Then, the liquid crystal moiecules rotate in a plane
nearly in parallel with the interface, making it
possible to suppress the occurrence of so-called
domains and the rise of the drive voltage and enabling

10 the light transmission factor to be enhanced.

Fig. 7 is a sectional view illustrating an
essential portioﬁ of the color-filter substrate used in
a further embodiment 3.

The color filters of Fig. 7 have the black mask

15 BM made of a polyimide-type resin and formed on the
glass substrate SUB2; i.e., color filters (pixels)
FIL{R), FIL(G) and FIL(B) demarcated by the black mask
BM are pfovided.

Fig. 8 is a diagram schematically illustrating

20 the steps of forming the black mask shown in Fig. 7,
wherein PBM denotes a polyimide photosensitive resin
film, MSIC denotes a photomask for exposing the black
mask, hv denotes ultraviolet rays, and BM' denotes a
black mask pattern.

25 The above-mentioned polyimide photosensitive
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10 « trieqbalt, tetrOX|de partlcles

Means 7, according to reans

4, is char act eri zed I n that any one of chron1un1OX|de manganese
oxi de and

oxi de.

characterized in that the black mask contains the

15

ni ckel oxide is contained in addition to the cobalt
Means 8, according to neans 1 or 2, is

polyim de resin as

a base material . Means 9, according to neans 8, is characterized
in that the base material of the black nmask is a resin 20 rmaterial
a polyimde group, the conposition of the resin material contains a
conponent that is cuyr

10

15

20

25

resin 1s,dfor example, a photosensitive polyimide resin
Ddp-1120(s)(trade name) manufactured by Nitfo Deﬁko
Corp.

In Fig. 8, a glass substrate SUB2 that serves as
a color-filter substrate is prepared (step A), and a
polyimide photosensitive resin film PBM is uniformly
applied onto the glass substrate SUB2 by a spin-coating
method (step B).

The polyimide photosensitive resin film PBM is
prebaked at about 70°C for about 15 minutes and is
dried.

Next, ultraviolet rays hv are applied via a
photomask MSK having openings corresponding to the
pattern of arrangement of black masks (step C). Here,
the energy for the exposure is about 500 mJ/cm2. Due
to the exposure, the portions irradiated with
ultraviolet rays undergo the crosslinking reaction and
the resin is cured.

After the exposure, the polyimide photosensitive
resin film PBM is heat-treated in an oven at 180°C for
10 minutes or on a hot plate 180°C for two minutes.

Due to the heat-~treatment, the density of the polyimide
photosensitive resin film PBM increases and the £ilm
PBM exhibits increased light-shielding ability.

After the heat-treatment, the polyimide

Th1s Sheet Has Been Replaced
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by «l i ght ,and @ conponent that is cured by'heat, and the - - optical
density increases as the resin material is cured by heat: 25
Means 10, according to neans 8 or 9, is

-13 -

characterized in that the black mask is conposed of a

polyimde resin material which contains at |east one or

10

15

20

- 25

photosensitive resin film PBM is developed with a
developing solution to remove the portions that are not
irradiated with ultraviolet rays, whereby a black mask
pattern BM' made of the polyimide resin is formed (step
D).

Finally, the black mask pattern BM' is cured at
350°C to 400°C for about oﬁe hour to form the black
mask BM (step E)..

The processing conditions in the above-mentioned

steps are merely examples and can be changed depending

upon the thickness of the film that is applied and the
blackness that is required.

The polyimide resin film is blackened by being

- cured by heat in the step of heat-treatment after the

exposure to light. The principle of blackening has
been disclosed in Omote Toshihiko, Hayashi Shunnichi,
Fujii Hirobumi, "Polymer Preprints, Japan", Vol. 41,
No. 7, 1992, pp. 2836-2838.

As described earlier, the material constituting
the black mask is the polyimide resin not containing
electrically conductive material. Therefore, the black
matrix exhibits a large resistance.

| Then, the pixels (RGB) are formed. As required,
furthermore, a flattening film or a protective layer is

formed thereon to obtain a color-filter substrate.

Thls Sheet Has Been Rep. laced
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nore kinds of black coloring agents and ot her colorlng _;___agggl§;_~§_ii___
different fromthe bl ack col oring agents. 5 Furt hernore, nean
according to neans 8 or 9, is characterized in that tWESﬁka@Ksﬂg :mm:d
conposed of a polyimde resin material in which netal ©
particles are m xed as a bl ack col oring agent. I"M]I’M!"I
constitution of the above-nentioned neans 10 1, the black

on one of the pair of substrates shuts off the entry of light from
t he nei ghboring pixels that are turned on, contributing to

o easng e Cont i i bk B rie1a Tiquia e O
element described earlier, the opposing electrodes are
not required on the side of the color-filter substrate.

Next, a process for forming color filters of

5 wvarious colors.on the color-filter substrate having a
black mask formed by the above-mentioned processing
will be described below.

Fig. 9 is a diagram illustrating the steps of
producing the color-filter substrate used for the color

10 liquid crystal display device according to the
embodiment 3.

First, the black matrix is formed on the'glass
substrate, using the process explained with reference
to Fig. 8. |

15 The pattern of the black mask serves as a
reference of the whole dimensional precision and for
forming the color filters (pixels).

The thickness of the black mask is determined
depending upon the optical -properties thereof, i.e.,

20 depending upon the light-shielding ability. In the
embodiment 3, the thickness of the black mask is about
1.0 to about 1.5 um.

A red pigment-dispersed resin material is applied

by spin-coating or the like method onto the substrate

25 on which the black mask has been formed, and is exposed
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15 « the pair of substrates conprise a connDn el ectrode and a pixe

electrode and forns an electric field pattern———————betmeeﬂ the two

el ectrodes when the pixel is turned on | Oﬁﬁmfk e orientation of
l'iquid crystal nol ecul es of a I|qU|d PIOH subst ance
.that 20 <constitutes the liquid crystal Ia{ e | i ght

transm ssion factor changes. The orientatio film
(orientation film works to orient the liquid crystal nol ecul e of the
l'iquid crystal conposition substance in a predeterm ned direction

when no electric 25 . field is agg
to ultraviolet rays an ‘exposure mask having an

opening corresponding to the red filter. The material
is developed to leave the exposed portions, cured and
dried by postbaking to form a red filter FIL(R).

5 Next, a green pigment-dispersed resin material is
applied by spin-coating or the like method, and is
exposed to ultraviolet rays via an exposure mask having
an opening corresponding to the green fiiter. The
ﬁaterial is developed to leave the exposed portions,

10 cured and dried by postbaking to form a green filter
FIL(G).
Similarly, a blue pigment—dispgrsed resin
material is applied by spin-coating or the like method,
and is exposed to ultraviolet rays via an exposure mask
15 having an opening corresponding to the blue filter.
The material is developed to leave the exposed
portions, cured and dried by postbaking to form a blue-
filter FiL(B) .
Through these steps, color filters of three
20 colors demarcated by the black mask BM are formed.
According to the embodiment 3, the black mask
formed amoﬁg the pixels exhibit a high light absorption
factor, making it possible to provide a color liquid
crystal display device having an excellent contrast and

25 a high reliability.
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14 .« . The polar|2|ng neans |s | am nat ed on at- Iea$t Qne'
of the palr of substra e passage of . l'i ght that
polarized in a specifi C fgﬁéér&E'B&‘ﬂfR@ﬂ&ed entering into the liquid

crystal layer or after through the liquid crystal |ayer
The drive neans applies a H‘“‘H‘“ m‘%a o the

10

15

20

In this embodiment, when the black ﬁask has a
resistivity of not smaller than 107 Q-cm, a coloring
agent may be added to the color-filter material to
control the transmission factor.

The coloring agents to be added to the resin-type
black mask material may be graphite, carbon, red, green
and blue pigments,or metal oxide particles.

Amonglthe above-mentioned coloring agents,
pigments have little electrical conductivity.
Therefore, addition of the pigments makes it possible
to compensate for low absorption factor among the
spectral characteristics of the polyimide—type resin.

An increase in the amount of graphite or carbon
to increase the light-shielding ability results in an
increase in the electric conductivity. Therefore,
limitation is imposed on the amount of their addition.

The amount of addition, however, also varies
dependiné upon the resistance of the resin that is
used, the resistance of the materiai that is added, and
the size (particle diameter).

In particular, graphite and carbon have high
light-shielding ability and are preferable for
increasing the OD (optical density) value.

As the black coloring agent, furthermore, use is

25~=— made-of metal-oxide particles such as-of-the-
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grOup,of.eIechodes to turn a predeterm ned pixel on to ~display an
| mge. - o The group of electrodes has a structure that the 10
eIectrodesTﬁégmﬁgth&ﬁmgﬂdaﬁs to generate an electric field having a

conponet pr parallel with the interface between the
orientatiohj
electric fiel

and the liquid crystal |ayer. \Wen the
nerat ed between the conmon el ectrode and the

pi xel 15 el ectrode constltutlng the group of el ectrodes, the
liquid crystal nolecules are rotated in a plane substantially in
rallel with I nt er,f Th ui d I I tion
gﬁb?taﬁce h;s ; e t 1o%e8 cobalt oxide, rum oxfgta C%ﬁ%%%é °

oxide or nickel oxide, thereby to form a black mask
that exhibits a high light absorption factor, a light-
shielding ability and a high resistivity.

5 According to the embodiment 3 as described above,
the color-filter substrate is fabricated by using the
polyimide photosensitive resin to provide a color
liquid crystal surface having a high contrast.

A more specific constitution of the present

10 invention will be.described.

Fig. 10 is a diagram illustrating the connection
of an equivalent circuit of a display matrix unit in
the liquid crystal display device of the present
invention and the peripheral circuits.

15 In Fig. 10, symbol AR denotes a matrix array in
which a plurality of pixels are two-dimensionally
arranged, X denotes drain lines DL, and subscripts G,
B, R denote pixels of green blue and red colors..

Symbol DTM denotes drain terminals, GTM denotes

20 gate terminals, Y denotes gate lines GL, and subscripts
i1, 2, 3, ---, end are in the order of the scanning
timings. The gate lines Y (subscripts are omitted) are
connected to a gate driver unit V.

The drain lines X (subscripts are omitted) are

25 connected to a drain driver unit H arranged along one
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resi stivity of not smaller than 10[err] [err] cmand the black 20 mask

has a resistivity of not smaller than 10[err] [err] cm (where N and M
are integers) satisfying the ‘relationships N> 9 and M > 6, thereby
to effectively generate an electric field conponent in parallel with
the substrates. 25 Accordingly, the liquid crystal nolecules rotate
-15 -

of the long sides of the display panel, and terminals
are led out from one side only of the liquid crystal
display panel like the gate lines Y.
SUP includes a power supply unit for obtaining

5 stabilized voltages as basic gray-scale levels whose
voltages are generated by dividing the voltage of a
voltage supply, and a converter for converting
information for the CRT (cathode-ray tube) from a host
(host arithmetic unit) into information for the TFT

10 liquid crystal display device.

Fig. 11 is an exploded perspective view
illustrating the constitution of the liquid crystal
display device according to the present invention,
i.e., specifically illustrating the structure of'the

15 liquid crystal display device (hereinafter referred to
as module in which the liquid crystal display panel,
circuit board, backlight and other constituent members
are combined as a unitary structure: MDL).

In Fig. 11, symbol SHD denotes a shielded case

20 (also referred to as a metal frame) made of a metal
plate, WD denotes e display window, INS1 to INS3 denote
insulating sheets, PCBl1 to PCB3 denote circuit boards
(PCBl1 is a circuit board on the drain side or a circuit
board for drain driver, PCB2 is a circuit board on the

25 gate side, PCB3 is an interface circuit board), JIN1 to
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ina plane substantially in parallel w.th the interface, nmaking it
possi bl e to suppress the occurrence of so-called domains and the rise
of the drive vol tage. 5 In the constitution of nmeans 2,
furthernore, the liquid crystal conposition substance has a
resistivity of not smaller than 10[err] [err].cm and the black mask
has a resistivity of not smaller than 10[err] [err] cm (where N and M
are integers) satisfying relationships N> 13 and M> 10 7, thereby to
nore effectively generate an electric

JN3 denote joiners for electrical}y connecting the
circuit boards PCB1 to PCB3 together, TCPl and TCP2
denote tape carrier packages, PNL denotes a liquid
crystal display panel, GC denotes a rubber cushion, ILS

5 denotes a light-shielding spacer, PRS denotes a prism
sheet, SPS denotes a diffusion sheet, GLB denotes a
light-guide plate, RFS denotes a reflection sheet, MCA
denotes é lower case (molded frame) formed by one-piece
molding, MO denotes an opening of the MCA, LP denotes a

10 fluorescent 1amp; LPC denotes a lamp cable, GB denotes
a rubber bush for supporting the fluorescent lamp LP,
BAT denotes a double-sided adhesive tape, and BL
denotes a backlight comprising a fluorescent lamp , a
light-guide plate and so on. Each part is stacked

15 maintaining a relationship as shown thereby to assemble
the liquid crystal display module MDL.

The liquid crystal display ﬁodule MDL has two
kinds of.accommodating/holding members, i.e.,_a lower
case MCA and a shielded case SHD. The metallic

20 shielded case SHD accommodating and holding the
insulating sheets INS1 to INS3, the circuit boards PCB1
to PCB3, and the liquid crystal display panel PNL is
joined to the lowerjéase MCA holding the backlight BL
made up of the fluorescent lamp LP, the light-guide

25 plate GLB, the prism sheet PRS and so on.
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field conponent in parallel with the substrates than that of neans 1

Accordingly, the liquid crystal nolecules rotate in a plane
substantially in parallel with the 15 interface, making it possible to
further suppress the occurrence of so-called donmains and the rise of
t he drive voltage. In the constitution of neans 3,
furthernore, net al -oxide particles are contained in the black mask
20 formed on one of the pair of substrates at |east one of which is
transparent. Therefore, the black nmask exhi bits an increased

resistivity yet maintaining an, ) . )
- On the circuit board PCBl for drain driver is

mounted an integrated circuit chip for driving the
pixels of the liquid crystal display panel PNL, and on
the interface circuit board PCB3 are mounted an

'5  integrated circuit chip for receiving video signals
from the external host and for receiving control
signals such as timing signals, and a timing converter
TCON for generating clock signals by processing timing
signals.

10 The clock signals generated by the timing
converter are fed to the integrated circuit chip
mounted on the circuit board PCBl for drain driver via
a clock signal line CLL laid on the interface circuit
board PCB3 and on the circuit board PCBl for drain

15 driver.

The interface circuit board PCB3 and the circuit
board PCB1 for drain driver are multilayer wiring
boards, énd the clock signal line CLL is formed as an
inﬁer-layer wiring in the interface circuit board PCB3

20 and in the circuit board PCB1 for drain driver.

The circuit board PCBl on the drain side for
driving TFTs, the circuit board PCB2 on the gate side
and the interface circuit board PCB3 are connected to
the liquid crystal display panel PNL by tape carrier

25 packages TCPl, TCP2, and the circuit boards are
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opti cal ~density, -and the electric field conponent is nore effectively °

generated between the electrodes in a 25 plane nearly in parallel wth
t he above- nenti oned - 16 This Sheet Has Been Replace

i nterface. Accordingly, the liquid crystal nDIecu
in a plane nearly in parallel with the interface,

connected together by joiners JNl1, JN2 and JN3.

The liquid crystal dispiay panel PNL is an
inplane electric field liquid crystal display device of
the present invention, and the black mask formed on the

5 color-filter substrate has a large resistivity so that '
an electric field pattern is formed between a pixel
electrode and a common electrode almost in parallel
with the.interface of the liquid crystal layer.

Fig. 12 is a diagram showing the appearance of a

10 -personal computer for explaining an information
processing devicé having a liquid crystal display
device of the present invention, wherein IV denotes an
inverter power supply for driving a fluorescent lamp
and CPU denotes a cenfral processing unit on the host

15 side.

As shown in Fig. 12, the personal computer
equiped with the liquid crystal display device of the
present invention has the circuit board for drain
driver (circuit board for horizontal driver: circuit

20 board on the drain side) PCB1l disposed at only the
upper portion of the screen, leaving a margin in space
on the lower side (keyboard side) of the display unit.
Therefore, thé space (hinge space) required to install
hinges for coupling the keyboard unit and the display

25 unit fogether can be small. This makes it possible to
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meki ng kt _posgible to suppress the occurrence of 5 so-called domains.

and the rise in the drive voltage, and enabling the Hght—

transm ssion factor to be | mpr oved. -+ In the constltut on of
means 4, furthernore, the bl ack mask cont &higSh particles,
chromum 10 oxide particles, manganese oxi de pa ke

oxi de particles so as to possess an increased opt ity and an
i ncreased resistivity. Therefore, the electrlc fleld conponent is
generated nore effectively between the electrodes in a plane in

parallel wi'th the 15 above-nentioned interface,
decrease the outer size of the dlsplay unit and, hence,

to reduce the size of the personal computer as a whole.

According to the present invention as described

above, the electric field created by the signal voltage

5 in the so-called inplane electric field liquid crystal
display device does hardly interfere with the black
mask. Therefore, the electric field pattern formed by
the selection voltage applied between the common
electrode and the pixel electrodes is nearly in

10 parallel with the interface between the liquid crystal
layer and the orientation film, making it possible to
suppress the rise of the drive véltage. Since the
electric field pattern is not disturbed, the domains do
not occur, and the liquid crystal display device has a

15 high picture quality without nonuniformity in color.

The present invention is not limited to the
liquid crystal display device of the TFT-type only but
can be applied to the liquid crystal display devices of
any other type inclusive of the active matrix type and

20 the so-called simple matrix type.

In this embodiment, furthermore, the black mask
is formed on one substrate side, and a group of
electrodes are formed on the other substrate to
generate an electric field nearly in parallel with the

25 substrates. They, however, may be formed on the same
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Accordjngly, the liquid crystal nolecules rotate -~ in a plane nearly in
parallel with the interface, ~making it possible to suppress the
occurrence of so-cal l ed donains and the rise of the drive voltage,

20 and enabling the light transm ssion factor to be i mproved.

In the constitution of nmeans 5, the black mask contains either or both
of an organic pignent and a graphite powder in addition to the netal
oxide 25 particles so as to possess an increased resistivity and

substrate in compliance with the present invention, as

a matter of course.
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- L% -+  , to-absorb light nore efficiently. Accordingly, the

liquid crysta{ nol ecul es rotate in a plane nearly in parallel wth

the interface, making it possibTe to auppress t he occurrence of

so-cal | ed domai ns and the f vol t age, and enabling the
\ thH&ﬂ@ 9 9

li ght transm ssion factor to eﬂ'epmx In the

constitution of neans 6, trlcobalt )”Hkais chiefly used as the

cobalt oxide particles

CLAIMS:
1. A liquid crystal display device comprising a
black mask formed on one of a pair of substrates at
least one of which is transparent, a group of

5 electrodes formed on at least one of said pair of
substrates, a liquid crystal layer comprising a liquid
crystal composition substance having a dielectric
anisotropy and held between said pair of substrates, an
orientation control film formed between said liquid

10 crrystal layer and one of said substrates for orienting
liquid crystal molecules of said liquid crystal
composition substance in a predetermined direction, a
polarizing means laminated on at least one of said pair
of substrates, and a drive means for applying a drive

15 voltage to said group of electrodes, wherein said group
of electrodes has a structure that the electrodes are
so arranged as to generate an electric field having a
componenf predominantly in parallel with the interface
between said orientation control film and said liquid

20 crystal layer, said liquid crystal composition

| substance has a resistivity of not smaller than 10N
Q-cm, and said black mask has a resistivity of not
smaller than 10% Q-cm, wherein N and M are integers
satisfying the relationships N > 9 and M > 6.

25
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so that 't he bl,ack mask naintains the resistivity and 10 the absor bancy.

In the cons ; any one of - chrom um oxi de, nanganese
oxi de or ni ckehis §%i1dfs Bin Replaced CONtai ned in addition to the cobalt oxide,

so that the q maintains the resistivity and the light 15

absorption fact Mllml"]uﬂlﬂ In neans 8 to 10, use is nmade of a polyimde
_ Ll s eature that the optical density

i ncreases in the step of curing the resin by | ight and heat is

phot osensi tive
utilized in order to obtain a black 20 mask of nearly a black color
having a hi gh QPSU|ﬁIiﬂahid crystal display device comprising a

black mask formed on one of a pair of substrates at
least one of which is transparent, a group of
electrodes formed on at least one of said pair of
5 substrates, a liquid crystal lajer comprising a liquid
crystal composition substance having a dielectric
anisotropy and held between said pair of substrates,
an orientation control film formed between said liquid

crrystal layer and one of éaid substrates for orienting

10 liquid crystal molecules of said liquid crystal
composition substance in a predetermined direction, a
polarizing means laminated on at least one of said pair
of substrates, and a drive means for applying a drive
voltage to said group of electrodes, wherein said group

15 of electrodes has a structure that the electrodes are
so arranged as to generate an electric field having a
component predominantly in parallel with the interface
between said orientation control film and said liquid
crystal layér, said liquid crystal composition

20 substance has a resistivity of not smaller than 10W
Q-cm, and said black mask has a resistivity of not
smaller than 10M Q?cm, wherein N and M are integers

satisfying the relationships N > 13 and M > 7.

25 3. A liquid crystal display device according to
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property., s ~That is, in the constitution of neans-8—the btack—
mask is conprised of a material which contains a pol yim r S

the base material and has a high 25 resistivity. Therefa? hﬂmﬁ'lmxd
i nsul ating property is Iﬂl |I“HII

claim 1 or 2, wherein metal oxide particles are

contained in said black mask.

4. A liquid crystal display device according to
5 claim 3, wherein said metal oxide particles are
parrticles of at least one of cobalt oxide, chromium

oxide, manganese oxide and nickel oxide.

5. A liquid crystal display device according to
10 claim 3, wherein either or both of an organic pigment
and a graphite powder in addition to said metal oxide

particles are contained in said black mask.

6. A liquid crystal display device according to
15 claim 4, wherein said cobalt oxide particles are

chiefly tricobalt tetroxide particles.

7. A 1iquid crystal display device according to
claim 4, wherein any one of chromium oxide, manganese
20 oxide and nickel oxide is contained in addition to said

cobalt oxide.

8. A liquid crystal display device according to
claim 1 or 2, wherein the base material of said black

25 mask is made of a polyimide resin.
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prevent ed, from decreasing, and the electric field
rotating the liquid crystal

parall e

bl ack nask is

with the interface.

nol ecul es is

5 nade of a resin nmateri al

conponent for

effectively generated in

In the constitution of neans 9,

havi ng a pol yi m de group and

contai ning a conponent t hat

cured by heat.

colored in black upon the
i ght-shielding 10
t he bl ack mask

10

15

Is cured by light and a
formed a black mask that is
and exhibits a great

there is
curing by heat,

Ther ef or e,

ability.

9. A liquid crystal display device according to
claim 8, wherein the composition of said polyimide
resin material contains a component that is cured by
light and a component that is cured by heat, and the
optical density of said black mask increases as said
resin material is cured by heat.

10. A liquid crystal display device according to
claim 8 or 9, wherein said black mask is composed of a
polyimide resin material which contains at least one or
more kinds of black coloring agents and other coloring
agents different from said black coloring agents.

11. A liquid crystal display device according to
claim 8 or 9, wherein said black mask is composed of a
polyimide resin material in which are mixed metal oxide

particleé as a black coloring agent.
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In the constitution of means 10,
is made of the polyimde resin material that contains



at d east one qgr nore kinds of black coloring agents-and - ot her
coloring agents than the above-nentioned black 15 col oring agents.

Therefore, the black nask exhibits a great light-shielding ability.
In the constitution of neans 11, the bl ack mask i's made of the
polyimde resin material in which is m xed netal oxide particles as a
bl ack coloring agent. 20 Therefore, the black mask exhibits a high
resistivity and a great light-shielding ability. The
above-nenti oned polyi m de-type photosensitive resin has in the

nmol ecul e skel eton thereof a functional group that absorbs visible

rays but does ARATRAGE {iF, THE DISCLOSURE
' The light-shielding ability of the black mask is
practically satisfactory, ahd the disturbance of the
electric field pattern is eliminated, achieving display
5 of high quality picture without color nonuniformity.

A liquid crystal display device comprising a
black mask formed on one of a pair of substrates at
least one of which is transparent, a group of
electrodes formed on at least one of the pair of

10 substrates, a liquid crystal layer comprising a liquid
crystal composition substance having a dielectric
anisotropy and held between the pair of substrates, an
orientation control film formed between the liquid
crrystal layer and one of the substrates for orienting

15 liquid crystal molecules of the liquid crystal
composition substance in a predetermined direction, a
polarizing means laminated on at least one of the pair
of substiates, and a drive means for applying a drive
voltage to the group of electrodes, wherein the group

20 of electrodes has a structure that the electrodes are
so arranged as to generate an electric field having a
component predominantly in parallel with the interface
between the orientation conﬁrol film and the liquid
crystal layer, the liquid crystal composition substance

25 has a resistivity of not smaller than 10W Q-ém, and the
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25 « canbon or, graphite which has been conventionally

- 19 - contained. It is therefore possible to set a | ow
transm ssion factor without lowering the resistivity. The
foregoi ng and ot her objects, advantages, manner of operation and

novel features of the present

black mask has a resistivity of not smaller than 10M
Q-cm, wherein N and M are integers satisfying the

relationships N > 9 and M > 6.
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S invention w, Il be understood fromthe follow ng detail ed
description when read in connection with the acconpanyi ng draw ngs.
Brief Description of the Drawi ngs: 10 Figs. 1A to 1D are schematic
di agrans of a 'pixel for explaining the operation of an inplane
electric field-type liquid crystal display device; Fi gs.
2A to 2c are diagrans illustrating a : structure of a TFT substrate
constituting an enbodiment 15 of an inplane electric field liquid crystal
di spl ay devi ce; :

FIG, 14 FIG, 1B
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Fig. 3, hs a dijagramillustrating exanple 1 or 2 of the structure of a
color-filter substrate in the I npl ane electric field liquid crystal

di spl ay device; 20 Fig. 4 is a schematic diagramof an electric
field pattern in a pixel in cross section constituting t he enbodi nent
1 or 2 of the inplane electric field -liquid crystal display device;
Fig. 5is a diagramillustrating a rise of the 25 drive voltage relative
to the resistivity of the black

FIG 24 FIG 2C
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- 20 -. ., . .mask of mhen the resistivity of the liquid crysta

| ayer of t he inpl ane electric field l'iquid crystal di splay device is
changed,; : Fig. 6 is a diagramillustrating a change in the 5
resistivity of the bl ack mask relative to.the content of .carbon
therein and a change in the optical density of when the film
thickness is 1 [err]m in the enbodinent 1 . of the present invention;

Fig. 7 is a sectional vieM/iIIustratuag‘an _
e “Fia 3

13°
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10 . esSentjial portion of the color-filter substrate used in the

enbodi ment 3 of the I npl ane el ectric field color liquid crystal

di spl ay device; | Fig. 8 is a diagramschematically illustrating
the steps of formng the black mask shown in Fig. 7; 15 - Fig. 9is a
diagramillustrating the steps of fabricating the color-filter '
substrate-shown in Fig. 7, Fig. 10 is a diagram show ng the
connection of an eqU|vaIent circuit of a display matrix unit and the
peripheral circuits in a liquid crystal display device; 20 Fi g. 11
is an expl oded perspective view illustrating an exanple of the

constitution of the

FIG 5
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|IQUId Gryst al,- di spl ay device according to the present I nvention;
Fig..12 is a dlagran1shomﬁng t he appearance of a 25 personal conputer
for explalnlng an-information - processing device in
which .a liquid crystal display ' ' '

FIG 6
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devi ce, of the present invention is nounted; Fi g. 13 is a

'sectJonaI view for schematically |IIustrat|ng the constitution of a
pi xel constituting 5 an inplane electric field liquid crystal display
devi ce - and for illustrating the turn-on operati on; Fi gs.
14A and 14B are. schematic di agrans of a pixel in an inplane electric
field liquid crystal di splay device in which two conb-toot hed common
10 el ectrodes are arranged in a pixel; and Fig. 15 is a
diagramillustrating a change in the transm ssion factor dependi ng
upon the position in the gap between the pixel electrode and the

. connnn. N | '.. o .151J['c;£ ;?

FIL[R) FIL(G  FIL(B|
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BM —
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el ectrotle shown in Figs. 14A and 14B. 15 Description of the

Preferred Enbodi nents: Enbodi ments of the present invention wl|
now be - described in detail with.reference to the draw ngs.

Figs. 1A to 1D are schematic diagranms of a pixel 20 for explaining the
operation of a [iquid crystal di splay device to which the present -

I nvention is - applied. Fig. 1A is a sectional view of when no

voltage is applied, Fig. 1B is a sectional vieM/of when a voltage is
applied, Fig. 1Cis a plan view of when no voltage is applied, and

Fig. 1D is a plan view of when F]G 8
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,a voltage is applied. The voltage referred to here is

-22-‘- vt-" r
sel ection vol tage applied between the conmon el ectrode and the pixel
el ect'r ode. In Figs. 1A and 1B, reference nunerals 1 and 1 5

denote transparent glass substrates (hereinafter ‘also

FIG. 9
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referred to, sinply as substrates), 2 denotes a conmon el ectrode, ‘6
denotes an insulating film 10 denotes. a signal wiring, 11 denotes a
pi xel. el ectrode, 12 denotes . a protective film 13 and 13' denote

pol arizer plates, 10 14 and 14' denote axes of polarization of the

-polari zer plates, 15 denotes the orientation of liquid crystal

‘ol ecul es, 16 denotes the direction of an electric field, 17 denotes
a black mask (BM, 18 denotes a col or filter, 19.denotes a protective
film(flattening film, 15 20 and 20' denote orientation filns, and
reference nunmeral 21 denotes liquid crystal nolecules (chiefly
rod-like liquid crystal nolecul es). ' : :

FIG, 10
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The.liquid crystal display device conprises the pol-arizer plate 13",
bl ack mask 17 for shielding light, 20 color filter 18, protective film
19 ‘and orientation film20' that are forned on one substrate '
(color-filter substrate 1') of two transparent glass substrates 1 and
1'. On the other substrate (TFET substrate) 1 via the liguid crysta

21 are forned the polarizer plate e g . Orientation film 20, signa
el ectrode 10, pixel - ﬁ [ @ ] ] _TTihgetHasB%cnReplaced
- S]]

INS3 ) - MDL
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el ectrqde 11, common el ectrode 2, wirings and thin-film transi stor

(TFT). Figs. 1A and 1B do not illustrate wirings or thin-film
transistors. Referring to Figs. 1A and 1C, the liquid crystal
5 nol ecul es 21 are oriented honogeniously by the "orientation filns
20, 20" in the direction 15 of orientation which is nearly in
parallel with the planes of .the substrates 1, 1'. In this state, the
di-rection ' of initial orientation of liquid crystal nolecules 21 10

is nearly in agreement with the axis 14 of polarization

| PCB1
DISPLAY |
PANEL
BLOCK
CENTER OF
DISPLAY

PANEL

VERTICAL
CENTER OF
DISPLAY
"BLOCK

DIRECTION OF SIGNAL FLOW
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of the, golarlzer plate 13, and the axis 14" of pol ari zation of the

upper polarlzer plate 13" is per pendi cul ar thereto and the pixel is
in a non-display (turned-off) state. 15 Referring next to
Figs. 1B and 1D, the voltage is appl i ed between the conmon el ectrode
2 and the pixel el ectrode 11 formed on the substrate 1 to form an
electric field (the direction 16 of electric field) in a direction
"nearly in parallel with the interface of 20 the substrates 1, 1'. Then,
the liquid crystal nol ecules 21 are oriented and rotated in a pl ane

nearly in parallel with the i?fe?aa of'jh?substrates 1, 1'.
. _ : A o
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Accordingly, the pixel is placed in a display (turned-on) state. A.
| arge nunber of pixels are 25 arranged to constitute a display device.
-24- Figs. 2Ato 2C are diagrans illustrating the
structure of a TFT substrate which constitutes a liquid

FIG 15
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c¢rystal display device of an enbodi nent of the present i nventi on,
_Whereis Fig. " 2A is -a plan view, Fig. 2Bis a 5 sectional view tak,FWS
~along the line A-A" of Rkig. 2A and Fig. 2Cis a segt i

along the line B-B ofiFig. 2A I'n Figs.| BEPLACEMENT GHEET
sanme.reference nunerals as ! t hose Iof- Figs. 1A to 1D defiore The sane
portions, 10 reference nuneral 3 denotes a common wiring,i4

a scanning el ectrode, 5 denotes a scanning wiring, 6 deggfggb§?97
insulating film 7 denotes a sem conduct or | ayer, 8| denotes—a
thin-filmtransistor portion (TFT portion), 10 denotes a signal

W ring, 11 denotes pixel
Title of the Invention:

Liquid crystal display device with wide viewing
angle characteristics comprising high resistivity

black matrix

Background of the Invention:
Field of the Invention;
The present invention relates to a liquid crystal

display device_and;.pérticula:iy,'fo an active matrix
10 liquid crystal displaf'dévice of a high picture quality

with wide viewing angle characteristics_comprising high

resistivity black matrix and with excellent

1ight-shie1ding'ability. |

Description of the Prior Art;

15 . Display devices using a 1iqﬁid crystal aisélay
device having reduced thickness and reduced weight and
consuming decreased amounts of electric power h&ve in
recent yeérs been widely used for personal computers,
word processors and other information equipment.

20 Basically, the liquid crystal display device has
a matrix made up of a number of electrodes arranged
horizontally and vertically and a liquid crystal layer
interposed between the horizontal electrodes and the.
vertical electrodes, and pixels are formed at the

25 portions where two electrodes intersect each other to



5 electrodes, and 12 denotes a protective film ' " The scanni ng

el ectrode 4,

3 are provided in

I nsulating f
are formed i
of the pixel
wiring 3in
via the

scanning wiring 5, common el ectrodes P 2 rET NG
) t he sane layer and are nade of tﬁéﬂgﬂﬁ% ;ﬁﬂf&@FT
The sem conductor layer 7 is formed via the thin | ayer and 20 the
ilm6, and the signal wirir 40 and the pi x@ 7 AER: 193%de| 1
n the sanme | ayer using the sane material. Par |
el ectrode 11 is so arranged as to overfap wth the commo
a direction 25 perpendicular to the surfacé of the substrate

10

15

20

25

display a two-dimensional picture.

The liquid crystal display devices of this kind
can be divided into those of a so-called passive matrix
system which selects a predetermined pixel at a timing
of a pulse applied to horizontal and vertical
electrodes, and those of a so-called active matrix
system in which a nonlineer element such as transistor
or the like is provided'in each pixel and a
predetermined nonlinear element is selected.

In a liquid crystal display device of the active
matrix system, non-linear elements (switching'elements)
are provided at positions correspohding-to a plurality
of pixel electrodes arranged  in the form of a matrix.

Theoretically, the liquid crystal in each pixel is

_driven'at all times (duty ratio of 1.0). Compared with

the so-called passive matrix system employing a
time-division multiplex driving system, therefore, the
active matriz system exhibits a good contrast and has
been establishing a technique that is indispensable
particularly in the color liquid crystal display
devices. Thin-film transistors (TFTs) are
representative examples of the switching elements.

In a conventional thin-film transistor liquid
crystal display element, transparent electrodes are so

formed as to face each other on the interface of two



= 25 - insulating film®6, creating a capacitance to hold a

signal voltage that is applied between the pixel elre TaE, i S e
cognnn elect?ode 2. PP Fig. 3is a diagran1iIIusirgéﬁﬁgLﬁgééﬁgﬁﬁre
of 5 the structure of the color-filter substrate constituting th
liquid crystal display device aecdrding of the enbodi meny Frpfoghe
present invention, i '

substrates to drive the liquid crystal layer.

That is, there has been employed a display system
as represented by a so-called twisted nematic display
system in which the direction of the electric field

5 applied to the liquid crystals is almost perpendicular
to the interface of the substrates owing to the
employment of the above-mentioned electrode structure.

As a system in which the direction of an electric
'field applied to the liquid crystals is almost in

10 parallel with the interface of the substrates,
furthermore, there has been proposed a system
(so-called an inplane electric field system) employing
a pair of comb-toothed electrodes formed on the surface
of at least one of the substrates for driving the

15 liquid crystal layer as disclosed in, for example,
Japanese Patent Publication No. 21907/1988 and Japanese

| Patent Laid-Open No. 36058/1995. The method of setting
comb-toothed electrodes and the method of its |
fabrication have been proposed already by the present

20 applicant in Japanese Patent Application No.
105862/1995.

In such an electrode structure, the major axes of
molecules of the liquid crystal layer (hereinafter also
referred to simply as liquid crystal molecules) are

25 substantially in parallel with the surfaces of the



wherein the sane reference nunerals as those of Figs. © 1A to 1D denot

the sanme portions. 10 As shown in Fig. 3, the col oy HEPLAGFMENT SHEET
substrate has a plurality of color filters (R G B) de

tthe bl ack mask 17 on one surface of the transparent u S&{ﬂg%BlIWWa d
further has the protective film -(#moot hing |l ayer) 19 and _
orientation film?20" 15 formed thereon. The polarizer plpte 13 _is
deposi ted on the other surface of the transparent supstrate 1'.

When the liquid crystal layer has a resistivity _ of n _

10[err] [err] cm the black mask 17 dermarcating a plurality of colqr

filters R Gand B
substrates, and the liquid crystal molecules are

suppressed from being erected in a direction
perpendicular to the substrates. Therefore, the
brightness changes little even when the viewing angle
5 is changed; i.e., the so-called viewing angle
dependence does not almost exist, and wide viewing
anglé characteristics are accomplished compared with
those of the vertical electric field system.
In a conventional black mask interposed among the
10 colored layers of various colors and constituting the
substrate (color;filter substrate) of a color filter,
furthermore, a pattern of thin film of metal chromium
or low-reflection metal chromium ﬁas been formed. Or,
a pattern of a thin layer of a photosensitive resin has
15 been formed, dispersing a black coloring agent, or
black carbon powder (chiefly graphite) therein, and
adding various pigments thereto.
The'cqlored layers of the color-filter substrate _
usually have a structure in which a protective layer
.20 PSV2 is formed on the colored layers FIL(R), FIL(G),
FIL(B) of which the pattern regions are separated like
a mosaic or vertical stripes for each of the pixels or
colors.
When the colored layers are fabricated by using

25  pigment-dispersed resin materials in the color filter



20 must have a resistivity of not smaller than 10[err] Ferr—em
satisfying the relationships N> 9 and M > 6, where N RH%ACEMENES*EET
I nt egers. When the liquid crystal |ayer and thg ack mask

Rave such resistivities, the electric field pattern 25 f)rrﬁeyll:tEqu;gq
sel ection vol tage applied between the- 5 -
- 26- -

used for the active matrix-type liquid crystal display
devices, furthermore, the protective layer PSV2 is not
often employed.
Fig. 13 is a schematic sectional view
5 illustrating the constitution of a pixel that
constitutes an inplane electric field-type liquid
crystal display device and illustrating the turn-on
operation,'wherein reference numeral 1 denotes_a TFT
substrate, 1; denotes a color-filter substrate, 2
10 denotes a common electrode, 6 denotes an insulating
film, 11 denotes pixel electrodes, 12 denctes a
protective film, 17 denotes a black mask, and 18
denotes a color filter. | | |
In Fig. 13, a liquid crystal layer is held
15  between the TFT substrate 1 and the color filter
substrate 1'. On the surfaces of the protective film
12 and of the color filter 18 are formed orientation
films for establishing the initial orientation of
liquid crystal molecules of the liquid crystal layer. .
20 Moreover, though not shown in FIG. 13,.polarizer plates
are installed on the outer surface sides of the TFT
substraﬁe 1 and the color filter.substrate 1.
In the above mentioned inplane electric field
liquid crystal display device, the pixel electrodes 11

25 and the common electrode 2 are formed on one substrate



¢ommon el ectrode and the pixel electrode has an ef f ' e IS
conponent nearly in paral Pel with the interface betwedtEPLAGEMENJuSHEET
crystal |ayer and the orientation film and makes it] ppSSiblée to
Suppress the 5 rise of the drive voltage. Furthernore ocwpgpcgwf
domains is greatly decreased, and high-gontrast display I's obtai ned.
Fig. 4 is a sectional view schematicalTy illustratin A—et-eet++e
field pattern of a pixel that 10 constitutes the liquid|crystal display
device of the enbodi nent 1 according to the present Mmventiomn,

(TFT substrate 1), and on the other substngne
(color-filter substrate 1') is formed a cnlor filter 18
that constitutes a color of a pixel demarcated by the
black mask 17.

5 The black mask 17 demarcating the color filter
prevents-the reflection of external light and gnhances
the contrast bf absorbing light from the neighboring

pixels.

10 Summary of the Invention:
In a conventional vertical electric field liquid
crystal display device haning a common_eiectrode formed .
on the side of nhe color—filter subsnrate, the black
‘mask constituting the color—filter subsérate is
. 15 | required to have a high light absorption factor and a
low light reflection factor. However, no consideration
concerning the resistivity of the'black.mask'has been
taken. _
That is, in the above-mentioned black mask using
20 a resin material, a large amount of graphite is added
particularly to improve the absorption factor.
Therefore, the resistivity decreases with an increase
in the amount of graphite added. When metal chromium
is used for the black mask, furthermore, the light-

25 shielding ability is improved greatly and the



aherein the lines of electric force gener ated between ' tre—conmmon

el ectrode 2 and the pixel electrodes 11 are not aff cﬁﬁBL&§5M5N5 BHEfIk
mask 17, the electric field 15 patternis nearly in para lfel " wih the
interface between the liquid crystal layer and the orilenbat FQB 1997
film occurrence of domains is greatly7decreased at the posi t1ons of
the pixel electrodes 11 and at the = position of the conwer—elect+ode
2, the transm ssion 20 factor is enhanced in the open rjegion of the

pi xel , and a high-contrast display is obtained. The sane
effects are produced even when the liquid crystal l|ayer has a
resistivity of not smaller

resistivity becomes very small.

In the inplane electric field-type liquid crystal
display device in which the black mask has a small
resistivity, however, the lines of electric force from

5 the pixel electrodes 11 are attracted by the black mask
17 having a small resistivity, as shown in Fig. 13,
lwhen a voltage is applied between the pixel electrodes
11 and the common electrode 2 to turn the pixel on, and
the pattern of electric field is disturbed and tilted

10 with respect to the interface of the substrates. AS a
result, the horizontal component of the lines of
electric force'is-weakened, and a desired light
transmission factor is not obtained. Alternatively,
so-called domains occur at posiﬁions of the pixel

15 electrodes 11 and the common electrode 2. Accordingly,
the contrast is degraded, color display becomes
nonuniform, and a good picture quality is not obtained.

Figé. 14A and 14B are schematic diagrams
.illustrating a pixel in an inplane electric field

20 ligquid crystal display device having two comb-toothed
common electrodes arranged in a pixel. Fig. 14A is a
plan view and Fig. 14B is a sectional view cut along
the line A-A' in Fig. 14A. A color filter is formed on
a portion surrounded by the black mask 17, and various

25 films are formed thereon and on the common electrodes 2



4 han 10[err]

smal ler than 10[err] [err] cm (N and M are integers),

- 27 - satisfying the relationships N> 13 and NI > 7
in enbodinent 1, the material of the black mask ils |bl 20EEBWI9OR 4
m xture of an organic pignment and - 8 -

10

15

20

[err] cmand the black mask has a resistiV|§%PEACEM§ﬁT Sﬁﬁﬁ'

and on the pixel electrodes 11, which, however, are not
shown here.
In Figs. 14A and 14B, a pixel is formed in an

open region surrounded by the black mask, a pixel

" electrode 11 and a common electrode 2 are arranged in

this region, and a liquid crystal layer is held between
the TFT substrate 1 and the color filter substrate 1°'.
The black mask has a resistivity of not larger than 104
Q-cm.

By a signal voltage applied for turn on, an
electric:field is generated between the common
electrode 2 and the neighboring pixél electrode 11.
This electric field acts strongly upon the liquid
crYstal molecules depending upon the magnitude of the
épplied'signal VOltage, whereby the orientation of
liquid crystal molecules rotates and light passes from-
the TFT substrate 1 to the color-filter substrate 1' at
an increased transmission factor.

Fig. 15 is a diagram illustrating the
transmission factor that varies depending upon the
position in the gap between the common electrode 2 and

the pixel electrode 11 shown in Fig. 14A, wherein a

 spot a denotes a position away from the black mask 17 _

25

and a spot b denotes a position close to the black mask

17.




carbon; i.e., the anmount of carbon is adjusted so that 5 __fhe
above-nentioned desired resistivity is obtained. R[PEﬁG{MdﬁTI§HE§T
diagramillustrating the drive voltage rel ative to |t he—eststtyt-ty Of
the bl ack r

In Fig. 5,
i ncrease relative to the all owabl e val ue _
whi ch s houl d be | ess than one gray scale level, i

0.1 volt,

10

15

20

25

mask of when the resistivities of the |idquild cr
and of the bl ack nmask of the aforenenti®ned enbodi nent |10 5iy§é§‘€h2

assum ng that the all owabl®© val ue of drli ie_vol t age
of transmissivity change,

geq.

the 15 resistivity of the black mask nmust be higher than 3 x

As shown, the transmission factor increases with
an increase in the signal voltage applied between the
common electrode 2 and the pixel electrode 11. As
shown in Fig. 14A, however, since the spot b is located
close to the black mask 17, the electric field pattern
is formed at a sharp angle with respect to the surface
of the substrate. Accordingly, in a change in the
transmission factor with an increase in the voltage,
the rise is behind that of the spot a. In Fig. 15, the
voltage of the spot b must be increased by about one
volt with respect to the spot a to obtain the same
transmission factor.

When the séme voltage is applied, therefore, the
transmission factor differs between the central portion
and the peripheral portion in a pixel, and the color
becomes nonunifbrm.

“The 6bject of the present invention is to provide.
a 1i§uid.crysta1 display device of a so-called inplane
electric field device having an improved light-
shielding ability, suppressing disturbance of the
pattern of electric field, and displaying a picture of
high quality without nonuniformity in color.

in order to accomplish the above-mentioned
object, means 1 is characterized in that, a liquid

crystal display device comprises a black mask formed on



106 [err] cmwhen the liquid crystal has a resistivity of- 109 [err]
resistivity of the black mask nust be hl@ﬂﬁﬁﬁﬁMﬁW{@ﬁXEﬂO

cm and the

[err] cmwhen the liquid crystal has a resistivity _
, omthese facts, the aforenentioned effects afe ' i ne
atﬂga >

20 Fr
by determ ni
and M > 6 or
car bon, the
25 car bon

1012 Locw
(6] TOTOT€f

ng the values M and N sati 40yi-ng the rgl
N> 13 and M > 7.

= When t he bl ackl nask_cont aj ns

C

d

resistivity decreases with an increase}in the anmount of

9

that is contained and increases with a decrease

one of a pair of substrates at least one of which is
transparent, a group of electrodes formed on at least
one of the pair of substrates, a liquid crystal layer
comprising a liquid crystal composition substance
having a dielectric anisotropy and held between the

pair of substrates, an orientation control film formed

between the liquid cryétal layer and one of the

10

15

substrates for orienting the liquid crystal molecules

of the liquid crystal composition substance in a

- predetermined direction, a polarizing means laminated

on at least one of the pair of substrates, and a drive
means for applying a drive voltage to the group of
electrodes, wherein the group of electrodes has a
structure that the électrodes are so arranged as to
generate an electric field having a_coﬁponent
predbminantly in parallel with the interface between
the orientation control film and the liquid crystal

layer, said liquid crystal composition substance has a

- resistivity of not smaller than 10¥ Q.cm, and said

20

25

black mask has a resistivity of not smaller than 10M
Q-cm, wherein N and M are integers satisfying the
relationships N > 9 and M > 6.

Means 2 is characterized in that a liquid crystal
display device comprises a black mask formed on one of

a pair of substrates at least one of which is



< 28 - in the anmount of carbon. An increase in the anDunt of

carbon results in an increase in the optical density

referred to as QD val ue). However, since carbon is DHﬂﬁiACBﬂEN&SHEET
¢onductive, it decreases the 5 resistivity. Thaf TS, the anount
of carbon nust be so set as to satuisf-y the above- mept OQeylF@BtWI Y|
conflicting -

10

15

20

25

transparent, a group of electrodes formed on at least
one of the pair of substrates, a liquid crystal layer
comprising a liquid crystal composition substance
having a dielectric anisotropy and held between the
pair of substrates, an orientation control film formed
between the liquid crystal layer and one of the

substrates for orienting the liquid crystal molecules

of the liquid crystal composition substance in a

predetermined direction, a polarizing means laminated

on at least one of the pair of substrates, -and a drive

means for applying a drive voltage to the group of

.electrodes, wherein the ‘group of electrodes has a

structure that the electrodes are so arranged as to
generate an electric field having a component
predominantly in parallel with the interface between
the orientation control film and the liquid crystal.
layer, said liquid crystal compésition substance has a
resistivity of not smaller than 10N Q.cm, and said
black mask has a resistivity of not smaller than 10M
Q-.cm, wherein N and M are integers satisfying the
relationships N > 13 and M > 7.

Means 3, according to means 1 or 2, is
characterized in that metal oxide particles are
contained in the black mask.

Means 4, according to means 3, is characterized



Fequi renents.

between the resistivity change of the black mask d =pBEE£LA€g”\flEH5r§H

anount of carbon and the OD val ue of t he bl ack nask When the Ti1lim

tthickness is 1 [err]m wherein curve a represents tlhg ggﬂpEva9? ¢f
1

t he bl ack

Fig. 6, the abscissa represents the anmoumt of _car jon—{+elat-ve—vat ug)
in the black nask, the ordinate of the left side rlepresents the

Fig. 6 is a diagramillustrati ng—& rC|uL|UHDHWﬁg 0

mask, and curve b repregents the OD val uq.

resistivity ([err] cm of the bl ack nask and the ordirmateof the

ri ght side

10

15

20
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represents the OD value of when the filmthickness is 1

in that metal oxide particles are particles of at least
one of cobalt oxide, chromium oxide, manganese oxide
and nickel oxid.

Means 5, according to means 3, is characterized
in that either or Soth of an organic pigment and a
graphite powder are contained in the black mask in
addition to the meatl oxide particles.

Means 6, according fo means 4, is characterized
in that the cobalt oxide particles are chiefly
tricobalt tetroxide particles.

Means 7, according to means 4, is characterized
in that any one of chromium oxide, manganese oxide and
nickel oxide is contained in addition tb the cobalt
oxide. :

Means 8, according to means 1 or 2, is
characterized in that the black mask contains the
polyimide resin as a base material.

Means 9, according to means 8, is characterized
in that the base material of the black mask is a resin
material having a polyimide group, the composition of
the resin material contains a componenf that is cured
by light and a component that is cured by heat, and the
optical density increases as the resin material is
cured by heat.

Means 10, according to means 8 or 9, is



20 [err]m Fron1the rel ati onship between the resistivity

t hat vari es dependi ng upon the anpbunt of carbon and the

density (OD value) shown in Fig. 6, it is under st oo

resistivity of the black mask 25 beconmes not snall er
when the rel ative - 13 - -

—

optical

h
4¢)
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characterized in that the black mask is composed of a

polyimide resin material which contains at least one or

more kinds of black coloring agents and other coloring

agents different from the black coloring agents.

5 Furthermore, means 11, according to means 8 or 9;

is characterized in that the black mask is composed of

a polyimide resin material in which metal oxide

particles are mixed as a black coloring agent.

In the constitution of the above-mentioned means

10 1, the black matrix formed on one of the pair of

substrates shuts off the entry of light from the

neighboring pixels that are turned on, contributing to

increasing the contrast of a displéy image.

The group of electrodes formed on one or both of

15 the pair of substrates comprise a common electrode and

a pixel electrode, and forms an electric field pattern

between the two electrodes when the pixel is turned on

to rotate the orientation of liquid crystal molecules

of a liquid crystal composition substance that

20  constitutes the liquid crystal layer, so that the light

transmission factor changes. The orientation control

film (orientation film) works to orient the liquid

crystal molecule of the liquid crystal composition

substance in a predetermined direction when no electric

25 field is applied.




anount of carbon is about 50, and the OD val ue can be

AR R oz

nore than 1.6 which is practically satisfactory.

described earlier, the material of the black 5 mask contpips a mxture o
6rgani ¢ pi gnment and car bon, and the mixing ratio of fafb@7 FERM@IFSt
to acconplish the resistivity thatitd i-es within the

above-nentioned range. The present invention, however,
limted thereto only but a desired 10 resistivity can be

e d

'S T o W
acconpl i shed by

usi ng ot her | i ght -absorbing materi al s. That
enbodi nent 2 as shown in Fig.

i's, in another

The polarizing means is laminated on at least one

of the pair of substrates, and permits the passage of

light that is polarized in a specific direction before

entering into the liquid crystal layer or after having

5 passed through the liquid crystal layer.

The drive means applies a drive voltage to the

group of electrodes to turn a predetermined pixel on to

display an image.

The group of electrodes has a structure that the

10 electrodes are so arranged as to generate an electric

field having a componet predominantly in parallel with

the interface between the orientation control layer and

the liquid crystal 1ayer; When the electric field is

generated between the common electrode and the

pixel

15 electrode constituting the group of electrodes, the

liquid crystal molecules are rotated in a plane

substantially in parallel with the interface.

The.liquid crystal composition substance has a

resistivity of not smaller than 10¥ Q-.cm and the black

20 mask has a resistivity of not smaller than 104

(where N and M are integers) satisfying the

Q-cm

relationships N > 9 and M > 6, thereby to effectively

generate an electric field component in parallel with

- the substrates.

25 Accordingly, the liquid crystal molecules

rotate



3, the black mask 17 demarcating a plurality of color

filters R G B

can be formed by a known |ithographic 15 nmethod by using mEPEﬁEWlENTthEET
contains particles of a tricobalt tetroxide (Cb[err]C{b..J, as
particles of cobalt oxi de. It is further jpgs e to use |[a
resi st that contains tricobalt tetwsox de and either for b t/hFEB |87 20
organi ¢ pignent and carbon (chiefly graphite). tis further
possi ble to use a resist containing any one of chrorium oxi de,
manganese oxi de and ni ckel oxi de. _ The m xiAg—atio-0f 1he

conponents of the resist

10

15

20

25

in a plane substantially in parallel with the
interface, making it possible to suppress the
occurrence of so-called domains and the rise of the
drive voltage.

In the consfitution of means 2, furthermore, the
liquid crystal composition substance has a resistivity
of not smaller than 10¥ Q-cm and the black mask has a
resistivity of not smaller than 104 Q-cm (where N and M
are integers) satisfying reiationships N > 13 and M >
7, thereby to more effecﬁively generate an electric
field component in parallel with the substrates than
that of means 1.

Accordingly, the liquid crystal molecules rotate
in a plane substantially in parallel with the .

interface, making it possible to further suppress the

occurrence of so-called domains and the rise of the

drive voltage.

In ihe constitution of means 3, furthermore,
metal oxide particles are contained in the black mask
formed on one of the pair of substrates at least one of
which is transparent. Therefore, the black mask
exhibits an increaséd resistivity yet maintaining an
optical density, and the electric field component is
more effectively generated between the electrodes in a

plane nearly in parallel with the above-mentioned



25 is so adjusted that the black mask 17 has a resistivity

- 30 - of not smaller than 10[err] [err] cm Fce—t+e
net al oxide particles such as cobalt oxi de particles arelﬂéi%E§MRNf PHEET
t'he bl ack mask, the | i ght absorption factor can be furtihgr i ncreased,
-8 - 27 FEB 1997
interface.

Accordingly, the liquid crystal molecules rotate
in a plane nearly in parallel with the interface,
making it possible to suppress the occurrence of

5 so-called domains and the rise in the drive voltage,
and enabling the light transmission factor to be
improved.

In the constitution of means 4, furthermore, the
black mask contains cobalt oxide particles, chromium

10 oxide particles, manganese oxide particles or nickel
oxide particies 80 as to possess an increased optical
density and an ‘increased resistivity. Therefore, tﬁe
electric field component islgenerated more-effectively
between the electrodes in a plane in parallel with the

15 above-méntioned interface.

Accordingly, the liquid crYstal molecules rotate
in a plane nearly in parallel with the interface,
making it bossible to suppress the occurrence of
so-called domains and the rise of the drive voltégé,

20 and enabling the light transmission factor to be
improved.

In the constitution of means 5, the black mask
contains either or both of an organic pigment and a
graphite powder in addition to the metal oxide

25 particles so as to possess an increased resistivity and



5 maintaining a large resistivity of the bl ack mask.

Then, the

uré@i@éﬁﬂkﬁéﬁ%ﬁ

the light |
aZEPFEBNWQV v

rers—of—Fryg—7

liquid crystal nolecules rotate in a plane near | yyt
interface, naking it possi ble to suppress the occ
dormains and the rise of the drive voltage and enabling
transm ssion factor to be enhanced. - 17 - Fig. 7
Illustrating an essential portiormof the col or-fi
in a further enbodi ment 3. The color f
the black mask 15 BM nmade of a polyim de-type resin
gl ass substrate SUB2; i.e., color filters (pixels)

and forned on the

he

S e
ter substrate use
I
n

hiave

to absorb light more efficiently. Accordingly, the

liquid crystal molecules rotate in a plane

nearly in

parallel with the interface, making it possible to

suppress the occurrence of so-called domains and the

5 rise of the drive voltage,'and enabling the light

transmission factor to be improved.

In the constitution of means 6, tricobalt

tetroxide is chiefly used as the cobalt oxide particles

so that the black mask maintains the resistivity and

10 the absorbancy.

In the constitution of means 7, any one of

chromium oxide, manganese oxide or nickel oxide is

contained in addition to the cobalt oxide,

so that the

black mask maintains the resistivity and the light

15 absorption factor.

In means 8 to 10, use is made of a polyimide

photosensitive resin, and a feature that the optical

density increases in the step of curing the resin by

light and heat is utilized in order to obtain a black

20 mask of nearly a black color having a high
property.

That is, in the constitution of means

insulating

8, the

black mask is comprised of a material which contains a

polyimide resin as the base material and has a high

25 resistivity. Therefore, the insulating property is



FIL(R, FIL(G and FIL(B) demarcated by the black mask
provi ded. Fig. 8 is a diagram schematically
the steps of formng the black mask shown in Fig. 7,

denotes a pol yi m de photosensitive resin film NMSIC
phot omask for exposing the black - mask, hv denotes u
and BM denotes a bl ack mask patterm. 25 The

pol yi m de phot osensitive

BvMare
| REPEAGEMENT BUEET
erein PBM
denopesFeg 1997

triaviol et rays,

10

15

20

25

prevented from decreasing, and the electric field
component for rotating the liquid crystal molecules is
effectively generated in parallel wiﬁh the interface.

In the constitution of means 9, the black mask is
made of a resin material having a polyimide group and .
containing a component that is cured by light and a
component that is cured by heat. Therefore, there is
formed a black mask that is coiored in black upon the
curing by heat, and exhibits a great light-shielding
ability. _

In the constitution of means 10, the black mask
is made of the polyimide resin material that contains
at least one or more kinds of black coloring agents and
other coloring agents than the above-mentioned black
coloring agents. Therefore, the black mask exhibits a
great light-shielding ability.

In the constitution of means 11, the black mask
is made of the polyimide resin material in which is
mixed metal oxide particles as a black coloring agent.
Therefore, the black mask exhibits a high resistivity
and a great light-shielding ability.

The above-mentioned polyimide-type photosensitive
resin has in the molecule skeleton thereof a functional

group that absorbs visible rays but does not contain

‘carbon or graphite which has been conventionally



£31- resinis, for exanple, a photosensitive polyimde resin

Ddp-1120(s) (trade nanme) nmanufactured by N tto Denko Car p;. PEMENT
Ionig. 8, a glass substrate SUB2 that serves as 5 a cologﬁyleQWJ“'SHEEr
Substrate is prepared (step A), and a pol yi m de phot oderjsitive resin
filmPBMis uniformy appl i ed ontasthe gl ass substratd JUB2 DFEB 1997
spi n-coating nmet hod (step B). - The pol yi m dg ghot osensitive
resin filmPBMis

contained. It is therefore possible to set a low
transmission factor without lowering the resistivity.
The foregoing and other objects, advantages,
manner of operation and novel features of the present
5 invention will be understood from the following
detailed description when read in connection with the

accompanying drawings.

Brief Description of the Drawings:

10 Figs. 1A to 1D are schematic diagrams of a pixel
for explaining the operation of an inplane electric
field-type liquid crystal display device;

Figs. 2A to 2C are diagrams illustrating a
strucﬁure of a TFT substrate constituting an embodiment

15 of an inplane electrié field liquid crystal display
device; | |

Fig. 3 is a diagram illustrating_example lor 2
of the structure of a CQlor-filter.substrate in the
inplane elecﬁric field liquid crystal display device;

20 Fig. 4 is a schematic diagram of an electric
field pattern in a pixel in cross section constituting
the embodiment 1 or 2 of the inplane electric field
liquid crystal display device;

Fig. 5 is a diagram illustrating a rise of the

25 drive voltage relative to the resistivity of the black



: - .
10 prebaked at about 70[err]C for about 15 m nutes and gEPLAGJ%$N2§HEET

Next, ultraviolet rays hv are applied via a phot omaskf MSK havi ng

openi ngs corresponding to the pattern of arrangemenﬁ of 201 &EB 19Tk |
(step ©). Here, 15 the energy for the exposure is about 500 ml/cnferr]|.
Due to the exposure, the portionsd@radiated with ultravioret
rays undergo the crosslinking reaction and the resilp_is_cured.

After the exposure, the polyimde photosensitive 20 resin filmPBMis
heat-treated in an oven at 180[err]C for 10 minutes or on a hot plate

180[err]C for two m nutes.
| mask of when the resistivity of the liquid crystal
layer of the inplane electric field liquid crystal
display device is changed; '
Fig. 6 is a diagram illustrating a change in the |
5 resistivity of the black mask relative to.the content
of carbon therein and a change in the optical_density
of when the film thickness is 1 uym, in the embodimeﬁt 1
of the present invention; |
Fig. 7 is a sectional view illustrating an
10 essential portion of the color-filter substrate used in
the embodiment 3 of the inplane electric field color
liquid crystal display device;
Fig. 8 is a diagram schematically illustrating
the stéps of forming the black mask shown in Fig. 7;
15 Fig. 9 is a diagram illustrating the steps of
fabricating the color-filter substrate shown in Fig. 7;
Fig. 10 is.a diagram showing the connection of an
equivéleﬁt circuit of a display matrix unit and the
peripheral circuits in a liquid crystal display device;
20 Fig. 11 is an exploded perspective view
illustrating an example of the constitution of the
liquid crystal display device according to the present
invention;
Fig. 12 is a diagram showing the appearance of a

25 personal computer for explaining an information



Pue to the heat-treatnent, the density of the polyimde

phot osensitive resin filmPBMincreases and the film

PBM exhi bits

i ncreased |ight-shielding ability. 25 After the heat-treatnent, the

pol yi m de - 32 -

photosensitive resin filmPBMis devel @ied wth a
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processing device in which a liquid crystal display

device of the present invention is mounted;
Fig. 13 is a sectional view for schematically

illustrating the constitution of a pixel constituting

.an inplane electric field liquid crystal display device

and for illustrating the turn-on operation;

Figs. 14A and 14B are schematic diagrams of a
pixel in an inplane electric field liquid crystal
display device in which two comb-toothed common
electrodes are arranged in a pixel; and

Fig. 15 is a diagram illustrating a éhange in the
transmission factor depending upon.the position in the
gap between the pixel electrode and the common

electrode shown in Figs. 14A and 14B.

Description~of the Preferred Embodiments:

Embodiments of the present invention will now be

described in detail with reference to the drawings."

Figs. 1A to 1D are schematic diagrams of a pixel
for explaining the operation of a liquid crystal
display device to which the present invention is
applied. Fig. 1A is a sectional view of when no
voltage is applied, Fig. 1B is a sectional view of when
a voltage is applied, Fig. 1C is a plan view of when no

voltage is applied, and Fig. 1D is a plan view of when



devel opi ng solution to renove the portions that are not H--ad-at-ed

with ultraviolet rays, whereby a bl ack mask pattern BM | nBRLAGEMEME SHEET -
polyimde resin is forned (step 5 D). Finally, tphefbrack sk
pattern BM is cured at 350[err]C to 400[err] C for abou n?fglé{qm
formthe black mask BM (step E)y. 22 - The processfn ondi Z

I n the above-nentioned 10 steps ar€& nerely exanpl es and can

dependi ng upon the thickness of the filmthat is appligd and the

bl ackness that is required. The polyimde resin fiTmTs
bl ackened by bei ng

a voltage is applied. The voltage referred to here is
a selection voltage applied between the common
electrode and the pixel electrode.
| In Figs. 1A and 1B, reference numerals 1 and 1°
5 denote transparent glass substrates (hereinafter also
referred to simply as substrates), 2 denotes a common
electrode, 6 denotes an insulating film, 10 denotes a
signal wiring, 11 denctes a pixel electrode, 12 denotes
a protective film, 13 and 13' denote polarizer plates,
10 14 and 14' denote axes of polarization of the polarizer
plates, 15 denotes the orientation of liquid crystal
molecules, 16 denotes the direction of an electric
field, 17 denotes a black mask (BM), 18 denotes a color
filter, 19 denotes a protective film (flattening film),
15 20 and 20'_den6te orientation films, and reference
numeral 21 denotes liquid crystal molecules (chiefly
rod-like liquid crystal molecules). |
The'liquid crystal display device comprises the
polarizer plate 13', black mask 17 for shielding light,
20 color filter 18, protective film 19 and orientation
film 20' that are formed on one substrate (color-filter
substrate 1') of two transparent glass substrates 1 and
1'. On the other substrate (TFT substrate) 1 via the
liquid crystal 21 are formed the polarizer plate 13,

25 orientation film 20, signal electrode 10, pixel



Cured by heat in the step of heat-treatnment after the 15 exposure to

light .

The principle of blackening has been di scl gSEUT I OTOTE "
Toshi hi ko, Hgyashi Shunni chi , Fujii Hirobuni, "Pol n‘gFD@r&%SH“’th@;LET
Japan", Vol . 41, No. 7, 1992, pp. 2836-2838. As descri bed
earlier, the material constituting 2023 t-he black mask ifs it he70ggieze
resin not containing el ectrical I'y conductive materifall. Therefore, {hé¢
bl ack matri x exhibits a |large resistance. Fremr—the—prxel $
(RGB) are formed. As required, furthernore, a flatffening filmor a

protective layer is 25 formed thereon to obtain a color-tilter
substrate. -

electrode 11, common electrode 2, wirings and thin-film
transistor (TFT). Figs. 1A and 1B do not illustrate
wirings or thin-film transistors.

Referring to Figs. 1A and 1C, the liquid crystal

5 molecules 21 are oriented homogeniously by the

orientation films 20, 20' in the direction 15 of
orientation which is nearly in parallel with the planes
of the substrates 1, 1'. In this state, the direction
of initial orientation of liquid crystal molecules 21

10 is nearly in agreement with the axis 14 of polérization
of the polarizér plate 13, and the axis 14' of
polarization of the upper polarizer plate 13' is
perpendicular thereto and the pixel is in a non-display

| (turned-off) state.

15 | Referring next to Figs. 1B and 1D, the voltage is
applied between the common electrode 2 and the pixel
electrode 11 formed on the substrate 1 to form an
electric field (the direction 16 of electric field) in
a direction nearly in parallel with the interface of

20  the substrates 1, 1'. Then, the liquid crys£al
molecules 21 are oriented and rotated in a plane nearly
in parallel with the interface.of the substrates 1, 1°'.
Accordingly, the pixel is placed in a display
(turned-on) state. A large number of pixels are

25 arranged to constitute a display device.



: 33 - In the inplane electric field Iiquid crystal

d....a

el ement described earlier, the opposing el ectrodes are Egti--ed—en
a prggékégéuﬁ

the side of the color-filter substrate. Next , \T SHEET
formng color filters of 5 various colors on the color-filjtdr substrate
havi ng a - 24 - | 27 FEB 1997
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Figs. 2A to 2C are diagrams illustrating the

structure of a TFT substrate which constitutes a liquid

crystal display device of an embodiment of the present

invention, wherein Fig. 2A is a plan view, Fig. 2B is a

5 sectional view taken along the line A-A' of Fig. 2A,

and Fig. 2C is a sectional view taken along the line

B-B' of Fig. 2A.

In Figs. 2A to 2C, the same reference numerals as

those of Figs. 1A to 1D denote the same portions,

10 reference numeral 3 denotes a common wiring, 4 denotes

a scanning electrode, 5 denotes a scanning wiring,

6

denotes an insulating film, 7 denotes a semiconductor

" layer, 8 denotes a thin-film transistor portion (TFT

~ portion), 10 denotes a signal wiring, 11 denotes pixel

15 electrodes, and 12 denotes a protective film.

The scanning electrode 4, scanning wiring 5,

common electrodes 2 and common wiring 3 are provided in

the same'layer and are made of the same material.

semiconductor layer 7 is formed via the thin layer

The

and

20 the insulating film 6, and the signal wiring 10 and the

pixel electrode 11 are formed in the same layer using

the same material.
Part of the pixel electrode 11 is so arranged

to overlap with the common wiring 3 in a direction

as

25 perpendicular to the surface of the substrate via the




Bl ack mask formed by the above-nentioned processing

bel ow. Fig. 9 1is adiagramillustrating the ste s REPLACEMENT SHEET
producing the color-filter substrate used for the color Of l'rqurd crystd3l
di spl ay device according to the enbodi nent 3. _ Bi7 EER 1997
black matrix is formed on the glass - 25 =substrate, usind tjhe process
expl ai ned with reference to Fig.” 8. 15 The pdt t'ermof—tte-

bl ack mask serves as a ref erence of the whol e di mendi onal precision
and for formng the color filters (pixels).

insulating film 6, creating a capacitance to holq a
signal voltage that is applied between the pixel
electrode 11 and the common electrode 2.

Fig. 3 is a diagram illustrating an example of

5 the structure of the éolor-filte: subs£rate

constituting the liquid crystal display device
according of the embodiment 1 of the present invention,
wherein the same reference numerals as those of Figs.
1A to 1D denote the same portions.

10 As shown in Fig. 3, the color filter substrate
has a plurality of color filters (R G. B) demarcated by
the black mask 17 on one -surface of the transparent
substrate 1',.and further has the protective film
(smoothing layer) 19 and the orientation fiim 20

15 formed thereon. The polarizer plate 13' is deposited
on the other surface of the transparent substrate 1'.

When the liquid crystal layer has a resistivity
of not smaller than 108 Q-cm, the black mask 17
demarcating a plurality of color filters R, G and B

20 ~ must have a resistivity of not smaller than 10¥ Q-.cm,
satisfying the relationships N > 9 and M > 6, where N
and M are integers. |

When the liquid crystal layer and the black mask
have such resistivities, the electric field pattern

25 formed by the selection voltage applied between the



The thickness of the black nmask is determ ned depending_upon the
optical properties thereof, i.e., 20 depending upon the PEQ[KCEﬁqulﬁwEﬁ?
ability. 1In the enbodi ment 3, the thickness of the ack—rask—is
about 1.0 to about 1.5 [err]m A red pigrernt - dlsgersed
resin material is applied by spi mecoating or the Iilkd n2thbeBoRed 1
substrate 25 on which the bl ack mask—td@s been forned, dnd i s exposed

- 34-
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common electrode and the pixel electrode has an
effectively increased component nearly in parallel with
the interface between the liquid crystal layer and the
orientation film, and makes it possible to suppress the
rise of the drive voltage. Furthermore,'occurrence of
domains is greatly decreased, and high-contrast display
is obtained.

- Fig. 4 is a sectional view schematically
illustrafing an electric field pattern of a pixel that
constitutes the liquid crystal display device of the
embodiment 1 according to the present invention,
wherein the lines of electric force generated between
the common electrode 2 and the pixel electrqdes 11 are
not éffected by the black mask 17, the electric field
pattern is hearly in parallel with the interface
between the liquid crystal layer and the orientation
film, occurrence of domains is greatly decreésed at the
positioné of the pixel electrodes 11 and at the
position of the common electrodes 2, the transmission
factor is enhanced in the open region of the'pixel, and
a high-contrast display is obtained. |

The same effects are produced even when the
liquid crystal layer has a resistivity of not smaller
than 10¥ Q-cm and the black mask has a resistivity of

not smaller than 10¥ Q-cm (N and M are integers),
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satisfying the relationships N > 13 and M > 7.

In embodiment 1, the material of the black mask
is blended with a mixture of an organic pigment and
carbon; i.e., the amount of carbon is adjusted so that
the above-mentioned desired resistivity is obtained.

Fig. 5 is a diagram illustrating the drive
voltage relative to the resistivity of the black mask
of when the resistivities of the liquid crystal layer
aﬁd of the black mask of the aforemehtioned embodiment
1 are changed.

" In Fig. 5, assuming that the allowable value of
drive voltage inCrease relative to the allowablé value
of transmissivity change, which s hould be less than
one gray scale level, is not larger than 0.1 volt, the -
resistivitj of the black mask must be higher than 3 x
106 Q-cm when the liquid crystal has a resistivity of
10° Q-cm, and the resistivity of the black mask must be
higher_than 5 x 107 Q-cm when the liquid crystal has a
resistivity of 1013 Q-.cm.

- From these facts, the aforementioned effects are
obtained by determining the values M and N satisfying
the relationships N> 9 and M > 6 or N > 13 and M > 7.

When the black mask contains carbon, the
resistivity decreases with an increase in the amount of

carbon that is contained and increases with a decrease




FIL(G. Simlarly, a blue pignment-dispersed resin mat eri al

I's applied by spin-coating or the |ike nethod, and i Q3E
ultraviolet rays via an exposure mask 15 havi ng an open|n 706&?@5%@@@£55
fo the blue filter. The material is devel oped to | eayefjthe exposed
portions, cured and dried by postbaki-ngste forma bl ue f i 7 $ERF1997B) |
Through these steps, color filters of +hree 20 col ors denprcated by the
bl ack mask BM are forned. Accordi ng to the enbofdi memt—38—tte

bl ack mask - formed anong the pixels exhibit a high Iight absorption

in the amount of carbon. An increase in the amount of
carbon results in an increase in the optical density
{(hereinafter referred to as OD value). However, since
carbon is elect}ically conductive, it decreases the

5 resistivity.

That is, the amount of carbon must be so set as
to satisfy the above-mentioned mutually conflicting
requirements.

Fig. 6 is a diagram illustrating a relationship

10 between the resistivity change of the black mask
depending upon the amount of carbon and the OD value of
the black mask of when the film thickness is 1 um,
wherein curve a represents the resistivity of the black
mask, and curve b represents the OD value.

15 In Fig. 6, the abscissa represents the amount of

. carbon (relative value) in the black mask, the ordinate
of the left side represents the resistivity (Q-cm) of
the black mask and the ordinate of the_right side
represents the OD value of when the film thickness is 1

20 um.

From the relationship between the resistivity
that varies depending upon the amount of carbon and the
optical density (OD value) shown in Fig. 6, it is
understood that the resistivity of the black mask

25 becomes not smaller than 106 Q-cm when the relative



factor, making it possible to provide a color liquid ~_crystal display

devi ce having an excellent contrast and 25 a highrg
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In this enbodi ment, when the bl ack rﬁgﬁgApgg’gf SHEET
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amount of carbon is about 50, and the OD value can be
determined to be more than 1.6 which is practically
satisfactory.

As described earlier, the material of the black
mask contains a mixture of organic pigment and carbon,
and the mixing ratio of.carbon is adjusted to
accomplish the resistivity that lies within the
above-mentioned range. The present invention, however,
is ih no way limited thereto only but a desired
resistivity can be accomplished by using other
light-absorbing materials.

That is, in another embodiment 2 as shown in Fig.

- 3, the black mask 17 demarcating a plurality of color

filters R, G, B can be formed by a known lithographic
method by using a résist that contains particles of a
tricobalt tetroxide (Co;04) as particles of cébalt
oxide. |

It is further possible to usé a resist that
contains tricobalt tetroxide and either or both of an
organic pigment and carbon (chiefly graphite).

It is further possible to use a resist containing
any one of chromium oxide, manganese oxide and nickel
oxide.

The mixing ratio of the components of the resist

is so adjusted that the black mask 17 has a resistivity



agent may be added to the color-filter material to control the

transm ssion factor. 5 The coloring agents to beja =
resin-type bl ack mask material nay be graphite, carpo ﬂﬂ%&Eﬁt Eg@ﬁET
and bl ue pignents,or netal oxide particles. Anpng t he
above-nentioned col ori ng agents, - piogrrent s have |itt]efel2¢tRER 4997
conductivity. 10 Therefore, additiomof the pignents nhkgs it possible
to conpensate for |ow absorption factor anong the spectral
characteristics of the polyimde-type resin. An_jncrease in the
anount of graphite or carbon to increase the light-shielding ability

results in an
of not smaller than 106 Q-cn.

Since the metal oxide particles such as cobalt
oxide particles are contained in the black mask, the
light absorption factor can be further increased,

5 maintaining a large resistivity of the black mask.
Then, the liquid crystal moiecules rotate in a plane
nearly in parallel with the interface, making it
possible to suppress the occurrence of so-called
domains and the rise of the drive voltage and enabling

10 the light transmission factor to be enhanced.
Fig. 7 is a sectional view illustrating an
' essential.portion of the color-filter substrate used in
a further embodiment 3.
The color filters of Fig. 7 have the black mask
15 ﬁM made of a polyimide-type resin and formed on the
glass substrate SUB2; i.e., color filters (pixels)
FIL(R), FIL(G) and FIL(B) démarcated by the black mask
BM are piovided.
Fig. 8 is a diagram schematically illustrating
20 the steps of forming the black mask shown in Fig. 7, -
wherein PBM denotes a polyimide photosensitive resin
film, MSIC denotes a photomask for exposing the black
mask, hv denotes ultraviolet rays, and BM' denotes a
black mask pattern. |

25 The above-mentioned polyimide photosensitive




15 increase in the electric conductivity. Therefore,

| nposed on the anobunt of their addition. The ant
however, al so varies dependi ng upon the resistance of
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have hi gh | i ght-shielding ability—and are preferable
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resin is, for example, a photosensitive polyimide resin

Ddp-1120(s) (trade name) manufactured by Nitto Denko

Corp.

In Fig. 8, a glass substrate SUB2 that serves as

5 a color-filter substrate is prepared (step A), and a

polyimide photosensitive resin film PBM is uniformly

applied onto the glass substrate SUB2 by a spin-coating

method (step B).

The polyimide photosensitive resin film PBM is

10 prebaked at about 70°C for about 15 minutes and

dried.

is

Next, ultraviolet rays hv are applied via a

f'photomask MSK having openings.corresponding to the

pattern of arrangement of black masks (step C).
15 the energy for the exposure is about 500 mJ/cmz2.

to the exposure, the portions irradiated with

Here,

" Due

ultraviolet rays undergo the crosslinking reaction and

the resin is cured.

After the exposure, the polyimide photosensitive

20 resin film PBM is heat-treated in an owven at 180°C for

10 minutes or on a hot plate 180°C for two minutes.

Due to the heat-treatment, the density of the polyimide

photosensitive resin film PBM increases and the
PBM exhibits increased light-shielding ability.

25 After the heat-treatment, the polyimide

film
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hi gh light absorption factor, a light- shielding g@bijlity and a hi

resistivity.

5 According to the enbodi nent 3 as|desq2 VHEEB 4990 e

the color-filter substrate is fabricata® by using the pol yi m de

phot osensitive resin to provide a color—
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photosensitive resin film PBM is developed with a
developing solution to remove the portions that are not
irradiated with ultraviolet rays, whereby a black mask
pattern BM' made of the polyimide resin is formed (step
D).

Finally, the black mask pattern BM' is cured at
350°C to 400°C for about one hour to form the black
mask BM (step E).

| The processing conditions in the above-mentioned
steps are merely examples and can be changed depending

upon the thickness of the film that is applied and the

| blackness that is required.

The polyimide resin film is blackened by being
cured by heat in the step of heat-treatment after the

exposure to light. The principle of blackening has

been disclosed in Omote Toshihiko, Hayashi Shunnichi,

Fujii Hirobumi, "Polymer Preprints, Japan", Vol. 41,
No. 7, 1992, pp. 2836-2838. |
| As described earlier, the material constituting
the black mask is the polyimide resin not containing
electrically conductive material. Therefore, the black
matrix exhibits a large resistance.

' Then, the pixels (RGB) are formed. As required,
furthermore, a flattening film or a protective layer is

formed thereon to obtain a color-filter substrate.




Fiquid crystal surface having a high contrast.
constitution of the present 10 invention will be descrleHPLHCEWENT SHtEﬁ

10 is a diagramillustrating the connection of an gqyivatemnt—circtt
of a display matrix unit in the liquid crystal displdy ggv#é,'&?t%e
pr esent invention and the peripher® <ircuits. 15 .8
synbol AR denotes a matrix array in ~  which a pluralifty—of pixels aré¢

t wo- di nensi onal | y arranged, X denotes drain lines , and subscripts
G B, R'denote pixels of green blue and red col ors. Sy-Arbed

DTM denotes drain term nals, GIM denotes
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In the inplane electric field liquid Crystal
element described earlier, the opposing electrodes are
not required on the side of the color-filter substrate.

Next, a process for forming color filters of
various colors on the color-filter substrate having a
black mask formed by the above-mentioned processing
will be described below.

Fig. 9 is a diagram illustrating the steps of
producing the color-filter substrate used for the color
liquid crystal.display device according to the
embodiment 3.

First, the black matrix is formed on the glass
substrate, ﬁsing the process explained with reference
to Fig. 8. | -

The pattefn.of the black mask serves as a
reference of the whole dimensional precision and for
forming the color filters (pixels).

The thickness of the black mask is determined
depending upon the optical properties thereof, i.e.,
depending upon the light-shielding ability. In the
embodiment 3, the thickness of the black mask is about
1.0 to about 1.5 pum.

A red pigment-dispersed resin material is applied
by spin-coating or the like method onto the substrate

on which the black mask has been formed, and is exposed



20 gate termnals, Y denotes gate lines G, and subscripty—— 3,
---, end are in the order of the scanning tim ngs. ThBERACEMENT SHRET
(subscripts are omtted) are connected to a gate drijver unrt V.
The drain lines X (subscripts are omtted) are 25 connec{egl tpy i
driver unit H arranged al ong one - 34 - %éﬁ%ﬁ_}?’

—

to ultraviolet rays via an exposure mask having an
opening corresponding to the red filter. The material
is developed to leave the exposed portions, cured and
dried by postbaking to form a red filter FIL(R).

5 ‘ Next, a green pigment-dispersed resin material is
applied by spin-coating or the like method, and is
exposed to ultraviolet rays via an exposure mask having
an opening corresponding to the green fiiter. The
ﬁaterial is developed to leave the exposed portions,

10 cured and dried by postbaking to form a green filter
FIL(G). |
Similarly, a blue pigment-dispersed resin
material is applied by spin-coating or the like method,
and is exposed to ultraviolet rays via an exposure mask
15 having an opehing corresponding to the blue filter.

| The material is developed to leave the exposed
portions, cured and dried by postbaking to form a blue
filter FiL(B).

Through these steps, color filters of three
. 20 colors demarcated by the black mask BM are formed.
According to the embodiment 3, the black mask
formed among the pixels exhibit a high light absorption
factor, making it possible to provide a color liquid
crystal display device having an excellent contrast and

25 a high reliability.



of the long sides of the display panel, and termnals " are led out _from

one side only of the liquid crystal di spl ay panel es$
Y. SUP i ncludes a power supply unit for obtalrﬁgau{@wﬁﬂ%ewme14
stabilized vol tages as basic gray-scale | evels whose vol tages are
generated by dividing the voltage of -a35 - voltage supd yl, amiFEBCORYerlt dr
for converting informati on for the CRT (cat hode-ray tlube) froma hdst
(host arithmetic unit) into information for the TFT 10 rqui d crystal

di spl ay devi ce. Fig. 11 is an expl oded perspeftive view
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In this embodiment, when the black mask has a
resistivity of not smaller than 107 Q-:cm, a coloring
agent may be added to the color-filter material to
control the transmission factor.

The coloring agents to be added to the resin-type
black mask material may be'graphite,.carbon, red, green
and blue pigments,or metal oxide particles.

Among the above-mentioned coloring agents,
pigments have little electrical conductivity.
Therefore, addition of the pigments makes it possible

to compensate for low absorption factor among the

.spéétral characteristics of the polyimide-typé resin.

An increase in the amount of graphite or carbon’
to increase the light—shielding ability results in an '
increase in the electric conductivity. Theréfére,
limitation is imposed on the amount of their addition.

The amount of addition, however, also varies

dependiné upon the resistance of the resin that is

~used, the resistance of the material that is added, and

the size (particle diameter).

In particular, graphite and carbon have high
light-shielding ability and are preferable for
increasing the OD (optical density) value.

As the black coloring agent, furthermore, use is

made-of metal-oxide particles such as-of-the



Fllustrating the constitution of the liquid crystal ~di spl ay devi ce

according to the present invention, I .e., specificdl Rgpi ak |

the structure of the 15 liquid crystal display device (F%?gk%ﬁﬁﬁﬂréHﬁﬁ
referred to as nmodule in which the liquid crystal ispla% anel
circuit board, backlight and other constd tuent nenbers ZregEBrﬁBPhe
as a unitary structure: NML). i In Fig. 11, sy | SHD denotesfa
shi el ded case 20 (also referred to as a netal frane) de of a nefal

pl ate, WD denotes a display wi ndow, INS1 to |INS3 denote lnsul ating
sheets, PCBl1 to PCB3 denote circuit boards (PCBl1 is a circuit board on

the drain side or a circuit
aforementioned cobalt oxide, chromium oxide, manganese

oxide or nickel oxide, thereby to form a black mask
that exhibits a high light absorption factor, allight-
shielding ability and a high resistivity.

5 ' According to the embodiment 3 as described above,
-the color-filter substrate is fabricated by using the
polyimide photosensitive resin to provide a color
liquid crystal surface having a high contrast.

A more specific constitution of the present

10 invenfion will be.described.

Fig. 10 is a diagram iilustrating the connection
of an equivalent circuit of a display matrix unit in
the liquid crystal display device of the present
invention and the peripheral circuits.

15 In Fig. 10, symbol AR denotes a matrix array in
which a plurality of pixels are two-dimensionally
arranged, X denotes drain lines DL, and subscripts G,
B, R denote pixels of green blue and red colors.

Symbol DIM denotes drain terminals, GTM denotes

20 gate terminals, Y denotes gate lines GL, and subscripts
i, 2, 3, -—-, end are in the order of the scanning
timings. The gate lines Y (subscripts are omitted) are
connected to a gate driver unit V.

The drain lines X (subscripts are omitted) are

25 connected to a drain driver unit H arranged along one



drain driver, PCB2 is a circuit board on the 25

board for rgaLe side . PCB3
is an interface circuit board), JNIl to REP L%GUW“MTSH ET
- 38 - JN3 denote joiners for electrically connecthg't

Circuit boards PCBl to PCB3 together, TCP1 and TCP2 dgnat pE
carrier packages, PNL denotes a I|i qw-d_:_az_- 1 B 1997
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of the long sides of the display panel, and terminals
are led out from one side only of the liquid crystal
display panel like the gate lines Y.

SUP includes a power supply unit for obtaining
stabilized voltages as basic gray-scale levels whose
voltages are generated by dividing the voltage of a
voltage supply, and a converter for converting
information for the CRT (cathode-ray tube) from'a host
(host arithmetic unit) into information for the TFT
liquid crystal display device.

Fig. 11 is an exploded perspective view
illustrating the constitution of the liquid crystal
display device according'tq the present invention,
i.e., specifically illustrating the structure of the
liquid crystal display device (hereinafter referred to
as module in which the liquid crystal display panel,
circuit board, backlight and other constituent members
are combined as a unitary structure: MDL).

In Fig. 11, symbol SHD denotes a shielded case
(also referred to as a metal frame) made of a metal
plate, WD denotes a display window, INSi to INS3 denote
insulating sheets, PCBl1 to PCB3 denote circuit boards
(PCBl1 is a circuit board on the drain side or a circuit
board for drain driver, PCB2 is a circuit board on the

gate side, PCB3 is an interface circuit board), JN1 to



crystal display panel, GC denotes a rubber cushion, ILS [5SREPCRZRIFRT SHEET
| i ght-shi el ding spacer, PRS denotes a prism sheet , |SPS—denret-es—a—-
di ffusion sheet, G.B denotes a | i ght - gui de pl at e, I#%FES % Offtéﬁs a
reflection sheet, MCA denotes a | ower case (noldedjfga ? T b
one- pi ece nol di ng, MO denotes an 3gening of the MCA LLR _denotes a |1
fluorescent |anp, LPC denotes a | anp cabttre, GB denotes a rubber bush
for supporting the fluorescent |anp LP, BAT denot es—a—deuble-sided
adhesi ve tape, and BL denotes a backlight conmprising a fluorescent
lanp , a |'i ght-gui de plate and so on. Each part is stacked 15

mai ntai ning a relationship as shown thereby to assenbl e
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JN3 denote joiners for electrically connecting the
circuit boards PCBl1 to PCB3 together, TCPl and TCP2
denote tape carrier packages, PNL denotes a liquid
crystal display panel, GC denotes a rubber cushion, ILS
denotes a light-shielding spacer, PRS denotes a prism
sheet, SPS denotes a diffusion sheet, GLB denotes a
light-guide plate, RFS denotes a reflection sheet, MCA
denotes a lower case'(molded frame) formed by one-piece
molding, MO denotes an opening of the MCA, LP denotes a
fluorescent lamp, LPC denotes a lamp cable, GB denotes
a rubber bush for supporting the fluorescent lamp LP,
BAT denotes a double-sided adhesive tape, and BL
denotes a backlight comprising a fluorescent lamp , a
light-guide plate and so on. Each part is stacked
maintaining a relationship as shown thereby to assemble
the liquid crystal display module MDL. |

The liquid crystal display module MDL has two
kinds of'accommodating/holding mémbers, i.e., a lower
case MCA and a shielded case SHD. The metallic
shielded case SHD accommodating and holding the
insulating sheets INS1 to INS3, the circuit boards PCBl
to PCB3, and the liquid crystal display panel PNL is
joined to the lower case MCA holding the backlight BL
made up of the fluorescent lamp LP, the light-guide

plate GLB, the prism sheet PRS and so on.




fhe liquid crystal display nodule MDL. dThe I}ﬂu:d crysta

di splay nodule MDL has two ki nds of accomodati ng | .

L. e!o, Zl | ower case MCA and a shielded case SHD. The mﬁﬁggﬁxﬁmg%ﬁ
shi el ded case SHD accommodati ng and hol di ng t he i nsyl gting sheets
INS1 to INS3, the circuit boards PCBEX 39 - to PCB3, and tihd | 2qUFERCIO9Rt 4l
di splay panel PNL is joined to tfreT-ower case MCA hql di ng t he
backl i ght BL made up of the fluorescent |anp LP, thﬁ | TORT - gurde
plate GLB, the prismsheet PRS and so on.
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On the circuit board PCBl1 for drain driver is
mounted an integrated circuit chip for driving the
pixels of the liquid crystal display panel PNL, and on
the interface circuit board. PCB3 are mounted an
integrated circuit chip for redeiving video signals
from the external host and for receiving control
signals such as timing signals, and a timing converter
TCON for generating clock signals by processing timing
signals.

The clock signals generated by the timing
converter are fed to the integrated circuit chip
mounted on the circuit board PCBl for drain d;iver via
a clock signal line CLL laid on the interface circuit
board PCB3 and on the-circuit 5oard.PCB1 for drain
driver.

The interface circuit board PCB3 and the circuit
board PCB1 for drain driver are multilayer wiring
boards, and the clock signal line CLL is formed as an
inner-layer wiring in the interface circuit board PCB3
and in the circuit board PCB1 for drain driver.

The circuit board PCBl on the drain side for
driving TFTs, the circuit board PCB2 on the gate side
énd the interface circuit board PCB3 are connected to
the liquid crystal display panel PNL by tape carrier

packages TCPl, TCP2, and the circuit boards are



39 - On the circuit board PCB1 for drain driver is

mounted an integrated circuit chip for driving the | b cehiENNeSHEET
Liquid crystal display panel PNL, and on t he i nt erf &ce—clrctt—boar
PCB3 are nounted an 5 integrated circuit chip for re eivin% vide8
signal s fromthe external host -amkb f-or receiving céntjr ol FEB 1997
signals such as timng signals, and a TTm ng converter TCON f or
generating clock signals by processing timng

connected togethér by joiners JN1, JN2 and JN3.

The liquid crystal display panel PNL is an
inplane electric field liquid crystal display device of
the present invention, and the black mask formed on the

5 color-filter substrate has a large resistivity so that
an electric field pattern is formed between a pixel
electrode and a common electrode almost in parallel
with the-interface of the liquid crystal layer.

Fig. 12 is a diagrém showing ﬁhe appearance of a

10 .personal computer for explaining an information
processing device having a liquid crystal display
device of the present invention, wherein IV denotes an
inverter power supply for driving a fluoiescent lamp

~ and CPU denotes a central processing unit on the host

15  side.

As shown in Fig. 12, the personal computer
equiped with the liquid crystal display device of the
present invention has the circuit board for drain
driver (circuit board.for horizontal driver: circuit

20 board on the drain side) PCB1 disposed at only the
upper portion of the screen, leaving a margin in space
on the lower side (keyboard side) of the display unit.
Therefore, the space (hinge space) required to install
hinges for coupling the keyboard unit and the display

25 unit'together can be small. This makes it possible to



Signals. 10 The clock signals generated by the tinngl REPLACEMENT SHEET
converter.-are fed to the integrated circuit chip nount pdef—t+he

circuit board PCB1 for drain driver via a clock signaljljn §#ﬁ%ﬁ 'g
on the interface circuit board PCB3 and on the circuit baagh %b r
drain 15 driver. The int-edflace circuit board PGB3Land the
circuit board PCB1 for drain driver—are nmultilayer wripg boar ds,
and the clock signal line CLL is forned as an I nner - | ayef—w—t+hg—-n

the interface circuit board PCB3 20 and in the circuit board PCB1 for
drain driver.

decrease the outer size of the display unit and, hence,
to reduce the size of the personal computer as a whole.
According to the present invention as described
above, the electric field created by the signal voltage
5 in the so-called inplane electric field liquid crystal
display device does hardly interfere with the black
mask. Therefore, the electric field pattern formed by
the selection voltage applied between the common
electrode and the pixel electrodes is nearly in
10 parallel with the interface between the liquid crystal
layer and the orientation f£ilm, making it possible to
suppress the rise of the drive vbitage. Since the
electric field pattern is not disturbed, the domains do
not occur, and the liquid crystal display device has é.
15 high picture quality without nonuniformity in color.
The present invention is not limited to the
liquid crystal display device of the TFT—type'only but
can be abplied to the liquid crystal display devices of
any other type inclusive of the active matrix type and
20 the so-called simple matrix type.
In this embodiment, furthermore, the black mask
is formed on one substrate side, and a group of
electrodes are formed on the other substrate to
generate an electric field nearly in parallel with the

25 substrates. They, however, may be formed on the same



The circuit board PCB1 on the drain side for driving TFTS. the circuit

board PCB2 on the gate side and the interface circuift F@p@mﬂﬁ@ﬁesﬁfg
connected to the liquid crystal display panel PNL by} t gpe—eafr+et
ackages TCPl1l, TCP2, and the circuit boards are

packag s 27 FEB 1997

substrate in compliance with the present invention, as

a matter of course.



tonnected together by joiners JN1, JN2 and JN3. , "The liquid

crystal display panel PNL is an i npl ane el ectric fifel g T gud-crystat
digplay devi ce of the present invention, and the b|a@EPH§§wWN6r&éﬂﬁo
f he 5 color-filter substrate has a large resistivity s thatq an
electric field pattern is fornmed betweetB a pi xel elfegtr

‘conmon el ectrodg al nost in parallel with the interfage %f qi%%q??yqu d
crystal |ayer. Fig. 12 is a diagram show ng t he —appeararce—efd a
10 personal conputer for explaining an information processi ng devic
having a liquid crystal display device of the present 1 nventron, '

wherein |V denotes an
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CLAIMS:

1. A liquid crystal display device comprising a

‘black mask formed on one of a pair of substrates at

least one of which is transparent, a group of
electrodes formed on at least one of said pair of
substrates, a liquid crystal layer comprising a liquid
crystal composition substance having a dielectric
anisotfopy and held between said pair of substrates, an

orientation control film formed between said liquid

crrystal layer and one of said substrates for orienting

liquid crystal molecules of said liquid crystal
composition subétance in a predetermined diréction, a
polarizing means laminated on at least one of said pair
of sﬁbstrates, and a drive means for applying a drive
voltage to éaid group of electrodes, wherein said group

of electrodes has a structure that thé electrodes are

- so arranged as to generate an electric field having a

componeni predominantly in parallel with the interface
between said orientation control film and said liquid
crystal layer, said liquid crystal composition
substance has a resistivity of not smaller than 10W
Q-cm, and said black mask has a resistivity of not
smaller than 10 Q-cm, wherein N and M are integers

satisfying the relationships N > 9 and M > 6.

[

AR O A



fnverter power supply for driving a fluorescent |anp —and CPU denotes

a central processing unit on the host 15 side. RERGA i g
12, the personal conputer equiped with the liquid cry La!ggwggqgﬁEE?
devi ce of the present invention has the circuit boafrd f§r drain
driver (circuit board for horizontal drdaer: circuit 20 fodrdFER 1992
drain side) PCB1l disposed at only the = upper portion af_the screen,

| eaving a margin in space on the | ower side (keybogrd side) of the

di splay unit. Therefore, the space (hinge space) regu+ed-to instal

hi nges for coupling the keyboard unit and the display
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2. A liquid crystal display device comprising a
black mask formed on one of a pair of substrates at
least one of which is transparent, a groﬁp of
electrodes formed on at least one of said pair of
substrates, a liquid crystal layer comprising a liquid
crystal composition substance having a dielectric
anisotropy and held between said pair of substrates,

an orientation control f£ilm formed between said liquid
crrystal layer and one of éaid substrétes for orienting

liquid crystal molecules of said liquid crystal

composition substance in a predetermined direction, a

polarizing means laminated on at least one of said pair
of substrates, and a drive means for applying a drive
voltage to said group of électrodes, wherein said groﬁp
of electrodes has a structure that the electrodes are
so arranged as to generate an electric field having a
component predominantly in parallel with the interface
between said orientation control film and said liquid
crystal layer, said liquid crystal composition
substance has a resistivity of not smaller than 10N
Q-cm, and said black mask has a resistivity of not
smaller than 104 Q-cm, wherein N and M are integers

satisfying the relationships N > 13 and M > 7.

3. A liquid crystal display device according to

* [ L M S *



25 unit together can be small. This makes it possible to

- 41 - decrease the outer size of the display unit and, hence,
to reduce the size of the personal conputer as a whole. Actor-ei-Rg
to the present invention as described above, the el ect{r REPYAGEMENT SHEET
created by the signal voltage - 45 -
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claim 1 or 2, wherein metal oxide particles are

contained in said black mask.

4. A liquid crystal display device according to
5 claim 3, wherein said metal oxide particles are
parrticles of at least one of cobalt oxide, chromium

oxide, manganese oxide and nickel oxide.

5. A liquid crystal display device according to
10 claim 3, wherein either or both of an organic pigment
and a graphite powder in addition to said metal oxide

particles are contained in said black mask.

6. A liquid crystal display device according to
15 claim 4, wherein said cobalt oxide particles are

chiefly tricobalt tetroxide particles.

7. A 1iquid crystal display device according to
claim 4, wherein any one of chromium oxide, manganese
20 oxide and nickel oxide is contained in addition to said

cobalt oxide.

8. A liquid crystal display device according to
claim 1 or 2, wherein the base material of said black

25 mask is made of a polyimide resin.

AR




5 In the so-called inplane electric field liquid crystal di spl ay

devi ce does hardly interfere with the bl ack mask. Therefore, the
electric field pattern fornmed by the sel ection voltag 2PR A

t he conmon el ectrode and the pixel electrodes is nearlly L.

parallel with the interface between thqg iquid crystal | ayer an
orientation film mnaking it possible te— suppress thejrise BngB'uggw
drive voltage. Since the electric field pattern is npt]disturbed, 'th
domai ns do not occur, and the liquid crystal display|devi

hi gh picture quality wi thout nonuniformty in color. The present

invention is not limted to the

9. A liquid crysfal display device according to
claim 8, wherein the composition of said polyimide
resin material contains a component that is cured by
5 light and a component that is cured by heat, and the
optical density of said black mask increases as said

resin material is cured by heat.

10. A liquid crystal dispiay device according to

10 claim 8 or 9, wherein said black mask is composed of a
polyimide fesin material which contains at least one or
more kinds of black cbloring agents and other coloring

agents different from said black coloring agents.

15 11. A liquid crystal display device according to
claim 8 or 9, wherein said black mask is composed of a
polyimide resin material in which are mixed metal oxide

particleé as a black coloring agent.

AU



Iﬁquid crystal display device of the TFT-type only but

C D ed
to the liquid crystal display devices of any ot her type¢ ﬁ EV&E&&BT HEET

the active matrix type and 20 the so-called sinple matri x|t

In this enbodinent, furthernore, the black nask is forred QP7Q¥EBH%W
substrate side, and a group of el ectrodes are fornmed op fhe other
substrate to generate an electric field nearly in parajl e wth—the
25 substrates. They, however, may be forned on the sane
- a7 - |

Liquid crystal display device with wide viewing angle

ch:racteristics comprising high resistivity ack

matrix .

10

. 15

ABSTRACT OF THE DISCLOSURE

A liquid crystal display device has a plurality
of pixel elaments comprising a black matrix with a
resistivity of not smaller than 106 Q-cm formed on one
of a pair of substrates, a liquid crystal layar batween
the pair of subgtrates, and a group of slectrodes
formed on at least one of tha pair of substrates to
génerate-an elactric field having a componant
predominantly in parallel with the surface of the
liquid crystal layer, so that the light-shieiding
ability of the black matrix is practically
satisfactory, and the disturbance of the electric field
pattern is eliminated, achieving displgy of high
quality picture without brightness and colozr
nonuniformity.

Figure 5




542 -
of course.

FI1G, 14

substrate in conpliance with the present invention
-43-
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CLAI MB: 1. Aliquid crystal display device conprisingja bt-ack

mask fornmed on one of a pair of substrates at - | east ong oOFFAAREMANT SHEET
transparent, a group of 5 el ectrodes forned on at |east on f sard parr

of substrates, a liquid crystal layer conprising a liquid 27FE 1997
crystal conposition substance having a #ielectric ani s tropy ang heI d
bet ween said pair of substrates, an ~ orientation controg rt-m-for+ed
between said liquid 10 crrystal |ayer and one of said subsgtrates for
orienting liquid crystal nolecules of said liquid crystal

conposition substance in a predeterm ned direction, a

FIG 24 FIG 2C
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pol ari zi ng neans | am nated on at |east one of said pair
and a drive neans for applying a drive
wherein said group

substrat es,
group of el ectrodes,
that the electrodes are
havi ng a

bet ween said orientati on control
conposition

said liquid crystal
smal l er than 10[err]
of not

conponent predom nantly 3n-parall el

smal | er thanllo[err]
satisfying the relationships N> 9 and M >

15
so arranged as to generat
film=and said liquid

[err]

TR,

of el ectrode : _
u oh o 2 EEBLB' 9

substance has a r¢sistivity of not
ck mask has a TestStiwi-d
ein N and Mare integers
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25 - 44 - 2 —A—t-guiid
crystal display device conprising a bl ack mask forne BEPMMENENT&*EET
pair of substrates at | east one of which is transparénf, agrotp—et
el ectrodes forned on at | east one of said pair of 5 substr

liquid crystal layer conprising a liquig - §?%5831997

——

FIG 5
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¢rystal conposition substance having a dielectric ani sotropy and held

bet ween said pair of substrates, an orientation contrpl 7t ored
hetween said liquid crrystal layer and one of said suos@%éﬂ@ﬁMfMTSHEEr
orienting 10 liquid crystal nolecules of said |iquid cryjstfal

conposition substance in a predeterm Reg8 direction, a ol arA g}

means | am nated on at | east one of said@ pair of substr te%l?| Eilﬁ-gglgw
drive nmeans for applying a drive voltage to said group odes
wherein said group 15 of electrodes has a structure that_the el ectrodes

are so arranged as to generate an electric field having a
conponent predom nantly in parallel with the interface

FIG 6
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Bet ween said orientation control filmand said liquid - crystal layer,
said liquid crystal conposition 20 subst ance has a resi std of not
smal | er than 10N [err] cm and said black mask has a r SREPMUE
not smal ler than 10[err] [err] cm wherein N and M are
satisfying the relationships N> 13 andg M > 7. 25 3.
crystal display device according to e=—

FIG, 7
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“45- claiml or 2, wherein netal oxide particl are

contained in said black nmask. 4. Aliquid crystdl pgp ey
according to 5 claim 3, wherein said netal oxide parti QJ—egl‘RjﬂE%@\ﬁl gﬁéﬁ
parrticles of at |east one of cobalt oxide, chrom um oxi de, mangang¢se

oxi de and ni ckel oxi de. 5. A-lfguid crystal display AEFER 1997
according to

FIaG, 8
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10 claim 3, wherein either or both of an organic pi gnent and a

graphi te powder

In addition to said netal oxide partic

P -
contained in said black mask. 6. Aliquid crystal di ‘FgegﬂﬁﬂVkﬁHEET

according to 15

chiefly tricobalt tetroxide particles- g - 7. Aliquid cryszapggspbyly'

devi ce accordi ng
manganese 20
cobal t oxi de.:

claim4, wherein said cobalt oxide partiglgs are

to claim4, whererh any one of chromjurh oxi de,
oxi de and nickel oxide is contained in addifi omto-satd

FIG, 9
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8 Aliquid crystal
wherein the base nateri al

resin.

r/H

di spl ay device according to
of said black 25

- 46-

mask i s nade o
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9. Aliquid crystal display device according to cl ai p-8+—wherein the
conposition of said polyinde resin material contains |aREBOACEMENT SHERT
is cured by 5 [Ilight and a conponent that is cured by heat| [md-the
optical density of said black mask increases as said regi n |:§a Eél‘ﬁb I S
cured by heat. - 10. A liquid crystpal- di spl ay device eccorai E- o] ?LO
claim8 or 9, wherein said black mask-rs tonposed of a polyinm de resif
mat eri al which contains at IeastgFeﬁ(G $Dr . ki nds of bl ack col oring
agents and other coloring agent Wig erdntdfrom sai d btrack—eotorng
agents.

JN1




5 11. A liquid crystal display device according to - claim8 or 9,

Wherein said black mask is conposed of a pol yi m de resin terial in

which are m xed netal oxide particles as a black col oring RQ%Q&EMENTSHE&F}
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