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LIQUID CRYSTAL DISPLAY 

The invention relates to liquid crystal display (LCD) devices. 

A light shielding layer referred to as a black matrix is 

customarily provided in an LCD device to prevent incident light from 
,. 

affecting photosensitive parts ·of the device and reducing the contrast of 

the display. The light shielding layer is so designed as to expose only 

display area.of display electrodes to improve the contrast of a displayed 

image. The LCD device has first and second transparent insulating 

substrates, such as glass, spaced frcm each other, and liquid crystal 

material contained in the space. In a typical thin film transistor {TFT) 

type LCD device, the light shielding layer is formed on the first 
' 

· subitrate, then a common electrode of Indium Tin Oxide (ITO) is formed, 

and ~n orientating layer, such as polyimide, is formed. A thin metal 

layer::, such as Cr, can. be used as the light shielding layer since the 

entire common electrode is maintained at a fixed reference potential. 

.. 
•.. •,t 

' On the se~~.nld.' ·sub.s~rate, horizontal metal gate lines and vertical 

meta~ P:~ta line~ .. -are f~rmed. At each crosspoint of the _gate and data 

l.iri~:s:,. ·a display .cell is formed which includes the TFT and the display 

eie'ctrode ·ot' the ·:I"To.·. A passivation layer and an orientating layer are 

also form.ea on the·, ~tiu.cture .. Polarizers are arranged outside the first 
: . .. ~~,;.,.,-~.. . . . . ~ -

·=a1:ia·.se'co~1f.~~ubst:t:ates, and a light 0 soui;.:;e is provide.q.~~~ project the ........ , ,, .,_,,_ . . ·. . . . . .. . 
·: i_i'ghf ~·<:>':.~~~-L,CR ~evic-e.. A data--·iine driver .. and a gat~~.line driver 

.- . ·... ···~_,,,.. .. .... , . . 

:c:~nri~cted: t~. -~!'t~ ~.ta. and ,gate lfhes, respectiv~ly are: ~.electively 
.adti~·at~d~';t~\ip~ly. a volt.a~. to the liquid ·crystal between selected 

display-·electrodes and the common electrode tqcdisplay an image. Since 

the light shielding layer is formed en the first substrate, called as a 

common electrode substrate, and the display electrodes are formed on the 

second sub~trate, called as a TFT substrate, both the substrates must be 

carefully assembled to align apertures of the light shielding layer with 

the display electrodes. 

To solve the problem, it has been proposed to form-the light 

shielding layer on the TFT substrate, but this raises the following 

additional problem: The metal light shielding layer on the TFT substrate 

presents an undesirable capacitance effect in conjunction with the 

passivation layer and the other conducti•Je elements, such as the data and 
gate lines. 
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To avoid this additional problem, an insulator, such as photoresist 

material, may be used as the light shielding layer on the TFT sUbstrate. 
To realize an optical density which is required to sufficiently shield or 
block the light, a thick photoresist layer is required. Fig.a shows a 
plan view of the resulting cell and Fig.9 shows a crosssectional 

struature on the second glass substrate view at A-A in Fig.a. The first 
glass substrate is not sh.own in Fig. 9. The gate line or electrode ·is 

formed on the second glass substrate. A gate insulating layer is formed, 
an amorphous- Si layer which operates as a channel region of the TFT is 
formed, and a display electrode of ITO is formed. An N+ amorphous Si. 
layer and an Al layer are formed on the amorphous Si layer to form a 
drain electrode at the right side of the channel of the TFT and a source 
electrode at the left side. The drain region is extended from the data 
line, and the source electrode is connected to the display electrode. A 
passivation layer is formed to cover the structure. Next, the thick 

black photoresist layer or light shielding layer is formed to expose the 
display electrode. An orientating layer is formed on the entire 
structure which, as well known in the art, is rubbed in one direction, as 
shown in Fig.8, to align liquid crystal molecules 1in the one direction 
when no voltage is applied. While all the liquid crystal molecules 

should be aligned in the same direction, as shown by the liquid crystal 
molecul~s B, those liquid crystal molecules ~ near to the edge ~f the 
aperture of the-light shielding layer located upstream of the rubbing. 
direction tend to tilt in the reverse direction, as shown in Fig.9, a 
phenomenon called reverse tilt. The reverse tilt. occurs due to the large 
step H which is caused by the thick photoresist layer. Fig.10 shows a 
simplified structure of the aperture of Fig.9, without the passivation 
layer and the orientating layer. The reverse tilt occurs in an area 
defined by L located upstream of the rubbing direction. A boundary 
between the normal tilt region and the reverse tilt region is ~alled a 
reverse tilt disclination line. The light from the light source passes 
through the liquid crystal along the reverse tilt disclination line. A 
line shown in the Fig.8 shows the continuous reverse tilt disclination 
line appearing along the upper side edge and the left side edge of the 
aperture which are located at the upper stream of the rubbing direction 
when no voltage is applied across the liquid crystal. 

. The reverse tilt disclination line raises a problem when the LCD 
device is operated in a normal white mode. In the normal white mode, the 
polarizers are crossed and the liquid crystal molecules are twisted. 
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When no voltage is applied across the liquid crystal, the light from the 

light source passes through the LCD device,-whereby the white color is 

displayed. When the -voltage is ~pplied, the light is blocked by the 

polarizers, and the black color is displayed. However, if the reverse 

tilt occurs when the voltage is applied, the light from the light source 

passes through the reverse tilt disclination line, so that a white line 

appears in the black image, which degrades the contrast and increases an 

afterimage or residual image effect. The display quality is thus 

markedly degraded by reverse tilt. 

Japanese patent application 63-162521 {Published Unexamined Patent 

Application 02-13927) solves the reverse tilt occurring at corner 

portions of a rectangular display electrode of the LCD device by 

enlarging the corner portions of the display electrode, whereby the 

reverse tilt occurs in the enlarged areas of the display electrode. 

The present invention deals with the reverse tilt caused by the use 

of the thick light shielding layer on the TFT substrate in a way that 

avoids the necessity for such enlarged areas. 

According to the invention there is provided a !~quid crystal 

display device including a first transparent insulating substrate having 

a·common electrode formed_ thereon, a second transparent .insufating 

substr~te having gate lines formed thereon in a first direction and data 

lines formed thereon in a second direction intersecting said first 

direction to define an array of liquid crystal display cells_, one cell at 
each crosspoint of said gate and data lines, each diSplay cell having a 

thin film transistor (TFT) and a display electrode~ the device having a 

light shielding layer apertured to expose a display_ area at each display 

electrode, and.liquid crystal material retained between said first and 

second.substrates said device being characterised in that at each d~splay 

area said light shielding layer comprises a thin layer formed at an edge 

of the display electrode upstream of the rubbing direction of said device 

to define a boundary of the aperture, and a thick layer formed on said 

thin layer and spaced (L) from said boundary to leave a thin light shield 

positioned to block light from liquid crystal molecules which have been 

reverse tilted at said edge. 

The thin light shielding layer blocks light passing through reverse 

tilted liquid crystal molecules. 
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A thickness of the thin light shielding layer is preferably equal 

to or less than O.Sµm. 

In a preferred embodiment of the invention the thin light shielding 

layer is a metal layer and the thick light shielding layer is a black 

photoresist layer. 

The metal layer may be formed from the metal used for the gate line 

or the metal used for the data line. 

The photoresist layer may include blue pigments, yellow pigments 

and violet pigments, and may further include red pigments. 

In order that the invention may be well understood, embodiments 

thereof will now be described with reference to the accompanying 

drawings, in which: 

Fig.I shows the structure of the display electrode and "the thin and 

thick light shielding layers of the pre~ent invention. 

Fig.2 shows the first embodiment of_ the present invention. 

Fig.3 shows the circuit of the liquid crystal display cell. 

Fig.4 shows the second embodiment of the present invention. 

Fig.S shows the third embodiment of the present invention. 

Fig.6 shows the fourth embodiment of the present invention. 

Fig.7 shows the fifth embodiment of the present invention.· 

Fig.a shows the plan view of the liquid crystal display cell the 

image of which is degraded by the reverse tilt. 

Fig.9 shows the cross section along line A-A in the Fig.a. 

Fig.10 shows the display electrode of the structure shown in the 

Fig.9. 
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The liquid crystal display device includes first transparent 
insulating substrate, such as glass plate, second transpa~ent insulating 
substrate, such as glass plate, and liquid crystal material of a positive 
dielectric anisotropy retained between the first and second substrates. 
The first substrate has a common electrode and an orientating layer. The 
second substrate has gate lines ext~nded in a horizontal direction, data 
lines extended in a vertical direction and liquid crystal display cell 
each formed at a crosspoint of the gate and data lines. The liquid 
crystal display cell includes a thin film transistor and a display 
electrode. An exposed area, defined by the aperture of the display . . 

electrode is defined as a picture element {pel). The surface of the 

structure of the second substrate is coated by an orientating layer. The 
orientating layer of the first substrate is rubbed in first direction and 
the orientating layer of the second substrate is rubbed in second 
direction intersecting the first direction, whereby the liquid crystal 
molecules are twisted by 90 degrees. 

The detail of the structure of the first substrate is not described 
and not shown in the figures, since it is well known in the art. i 

Fig.1 shows a simplifi~d structure of the display electrode: on the 
second substrate. The gate insulating layer 2, the display electrode 
(ITO) 3, a thin light shiefding layer 5 and a thick black photoresist 
layer 4, i.e. the thick light shielding layer, are formed on the glass 
substrate 1. 

In accordance with the present invention, the thin light shielding 
layer 5 and the thick black photoresist layer 4 are formed at a 
peripheral of the display electrode 3, which is located upstream of a 
rubbing direction. Due to a height Hl from the surface of the thin light 

shielding layer 5 to the top of the thick black photoresist layer 4, the 
reverse tilt occurs in the portion represented by L. The distance L is 
5-lOµm. The purpose of the thin light shielding layer 5 is to prevent 
the light from passing through the reverse tilted liquid crystal 
molecules in the portion L. However, if a thickness of the light 

shielding layer 5 is large, the reverse tilt occurs in a portion Ll. The 
inventors of the present invention have found that the reverse tilt does 
not occur in the portion Ll if the thickness of the light shielding layer 
5 is equal to or less than O.Sµm, and that the material satisfying the 
above two conditions, i.e. the light blocking capability and the 
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thickness equal to or less than O.Sµrn, exists in the LCD device as the 
gate line or data line. Examples of the thickness of the gate and data 
lines are 3000~ and 4500~, respectively. The use of the metal material 
for the gate and data lines as the thin light shielding layer 5 has the 
following additional effects. That is, the thin light shielding layer 5 
can be simultaneously formed with the formation of the gate or data 
lines. In other words, the thin light shielding layer 5 can be formed 
without increasing the number of fabricating steps of the LCD device. 

For the reasons described above, the light shielding layer of the 
edge of the display area, _located at the upper stream of the rubbing 
direction, comprises the thin light shielding layer 5 formed at the 
peripheral of the display electrode 3 for defining the edge 6 of the 
aperture, and the thick black photoresist layer or thick black 
photopolymer 4, the edge 7 of which is positioned on the thin light 
shielding layer 5. The edge 6- and the edge -7 are separated from each 
other by the distance L. 

The thin light shielding layer 5 is required to be formed at the 
edge of the aperture located upstream of the rubbing direction to solve 
the reverse tilt. 

However,· i~ is preferable to form the thin light shielding layer 5 
at the edges located downs.tream of the rubbing direction, as shown in the 
Fig.1, since it is desired that all the liquid crystal display cells have 
the same aperture ratio. The aperture ratio means the ratio of an area 
through which the light passes to a total area of the liquid crystal 
display cell. 

Although the thin light shielding layer 5 is formed on the display 
electrode 3 in the Fig.l, the layer 5 is also formed below the display 
electrode 3, as described with respect to the Figs.4-7. 

Fig.2 shows first embodiment of the present invention in which the 
thin light shielding layer 5 is formed by the metal layer used for the 
data line. 

A plan view in the Fig.2 shows a display cell at a crosspoint of 
the data line and the gate line. The right-side up hatching lines 
represent the metal layer used for the gate ~ine, and the left-side up 
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hatching lines represent the metal line used for the data line. The 
display cell includes the TFT and the transparent display electrode 3, 
such as ITO. The aperture of the display electrode 3 is defined by the 
light shielding layer 5 of the data line 10. The arrow 9 indicates the 
rubbing direction. The Fig.2 also shows cross-sections viewed at lines 
A-A and B-B in each fabricating step. 

Describing the fabricating steps, in a step 1, a metal layer 11, 
such as Al, Ti, Cu, Mo, Cr, Ta etc., is deposited on the glass substrate 
1 by a sputterin~ process. The gate line 11 and a reference voltage line 
llA, shown in the plan view are formed by an usual selective etching 
process using a photoresist. 

In a step 2, a transparent insulating layer 2, such as SiOx, SiNx, 
is. deposited on an entire surface of the structure by a chemical vapor 
deposition (CVD)-process. 

In a step 3, an intrinsic amorphous Si layer is deposited on the 
structure by .the CVD process, and is selective~y etched to form an active 
or channel region 13 of the TFT. 

In a step 4, a transparent conductive layer, such as -Indium Tin 
Oxide (ITO), is-deposited on the structure, and is selectively etched to 
form the display electrode 3. 

In a step 5, a metal layer 5, such as Al, Ti, Cu, Mo, Cr, Ta etc., 
is deposited on the structure, and is selectively etched to form the thin 
light shielding layer 5, the data line 10, and source (5) and drain (D) 
electrodes of the TFT. 

In a step 6, the black photoresist layer 4 of low transmittance is 
deposited on the structure by a spin coating technology, and is 
selectively etched to form the structure shown in the Fig.1. The black 
photoresist layer 4 is a negative photoresist wherein an exposed portion 
by a light source is not dissolved by a developing agent and an unexposed 
portion is dissolved. 

Fig.3 shows an equivalent circuit of the liquid crystal cell shown 
in the Fig.2, well known in the art •. A portion of the display electrode 
which overlaps with the reference voltage line llA, the insulating layer 
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12 and the reference voltage line llA in the Fiq.2 form a storage 

capacitor CS in the Fig.3. The storage capacitor CS stores electrrc 

charges during one frame period of the LCD device, as well known in the 

art. 

Fig.4 shows second embodiment of the present invention in which the 

thin light shielding layer S is formed by the metal material used for the 

gate line. 

A plan view in the Fig.4 shows the display cell at the crosspoint 

of the data line 10 and the gate line 11. The equivalent i::::ircuit of the 

cell is shown in the Fig.3. The Fig.4 also shows cross-sections viewed 

at lines A-A and B-B in each fabricating step. The arrow 9 shows the 

rubbing direction. 

Descri~ing the fabricating steps, in a step 1, the metal layer is 

deposited on the entire surface of the glass substrate 1, and is 

selectively etched to form the gate line 11, the reference voltage line 

llA and the thin light;shielding layers SA. 

In a step 2, the transparent insulating layer 2 is deposited on the 
structure. 

In a step 3, the intrinsic amorphous Si active region 13 of the TFT 
is formed. 

In a step 4, the transparent display electrode 3, such as.ITO, is 

fot·med on the structure. 

In a step S, the metal data line 10, the drain (D) and source (5) 

electrodes of the TFT are formed. 

In a step 6, the thick black photoresist layer 4 of low 

transmittance is formed to expose the display area of the display 

electrode 3. 

Fig.S shows third embodiment of the present invention, wherein the 

thin light shielding layer S of the edge of the aperture is formed by 

four portions, i.e. portions SA, SB, Sc and SD. The ·portions SA and SC 

are formed by the metal of the gate line 11, and the portions SB and SD 
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are formed by the metal of the data line 10. The arrow 9 shows the 

rubbing direction. 

Fig.6 shows fourth embodiment of the present invention, wherein the 

reference voltage. line llA is commonly used as the upper horizontal 

portion of the thin light shielding layer 5, ·and the left and right 

vertical portions of the thin light shielding layer 5 are extended from 

the upper horizontal portion. The reference voltage line llA is 

simultaneously formed with the gate line 11. In other words, the 

reference voltage line llA, i.e. the thin light shielding layer 5, is 

made of the metal of the gate line 11. As des,cribed ~ereinbefore with 

refer to the Figs. 2 and 3, the reference voltage line llA which overlaps 

with the display electrode 3 operates as one electrode of the storage 

capacitor CS. In the embodiments shown in the Fig.2, Fig.4, Fig.5 and 

Fig.7, the width of the portion of the reference voltage line llA 

overlapping with th~ display electrode 3 is wider than that of the 

remaining portion. 

In the embodiment showniin the Fig.6, the left and right vertical 

portions .of the thin light shield.i.ng layer 5 are used as the one 

electrode of the storage capa~itor CS, whereby the width of the reference 

voltage line llA overlapping with the top portion of the display 

electrode 3 can be reduced. For the above reasons, the length L2 of the 

ape~ture, i.e. the display area of the display electrode 3, is longer 

than that of another embodiments, whereby a large aperture ratio of the 

display cell is realized. And, the edge 7A of the thick black 

photoresist layer 4 is separated or discontinued from the edge ?B of the 

thick black _photoresist layer above the reference line llA, so that 

reverse tilt occurring along the vertical edge ?A can be separated or 

discontinued from ~everse tilt occurring along the horizontal edge 78, 

whereby the oblique reverse tilt as shown by a portion A in the Fig~8 is 

completely prevented. The arrow 9 shows the rubbing direction. 

Fig.7 shows fifth embodiment of the present invention, wherein the 

thin light shielding layer 5 is formed only at the upper stream of the 

rubbing direction 9. That is, the thin light shielding layer 5 is 

provided at the top edge and the leftside edge of the aperture of the 

display electrode 3. The thin light shielding layer 5 is made of the 

metal of the gate line 10. However, the thin light shielding layer 5 can 

be also made of the metal of the data line 10. 
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The negative photoresist layer, i.e. transparent organic material 

- comprises : 

binder polymer 

monomer 

initiator 

inhibitor 

solvent 

300g 

165g 

lOg 

80mg 

2750g 

The following kinds of pigments are dispersed in the negative 

transparent photoresist to provide blac~ colored negative pho~oresist 

operating as the light shielding layer. 

The pigments are red pigments, such as dianthraquinone, blue 

pigments, such as Cu-phthalocyanine, yellow pigments, such as isoindolin, 

and violet pigments,· such as dioxazine. These pigments are mixed to 

provide the black colored negative photoresist.· 

The combinatiohs of the pigments to provide the black color are, as 

follows. 

Example 1 Example 2 

Red pigments 5 ·w% 

Blue pigments 35 w% 20 w% 

Yellow pigments 40 w% 20 w% 

Violet pigments 20 w% 60 w% 

The pigments are dispersed into the negative photoresist to provide 

the black colored light shielding layer which indicates an optical 

density ·equal to or larger than 1.5. 

The ·optical density is determined by a thickness of the layer and 

weight% of the pigments dispersed in.the layer. The light shielding 

layer 4 used in. the embodiments described hereinbe~ore has a th:ickness of 

2µm, and a weight % of the eigments dispersed in the layer 4 is 36 weight 

%, to provide the optical density of 2.0. 

It has been found by the inventors of the present invention that 

value 1.5 of the optical density is the minimum value required to provide 

a required contrast of the displayed image. If the optical density is 
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smalle~ than 1.5, the light passes to the thin film transistor through 
the layer 4, so that a voltage-transmittance characteristic of the liquid 
crystal display cell is shifted and the display quality is degraded. 

The combinations of the thickness of the light shielding layer 4 
and the weight % of the pigments dispersed in the layer 4 to provide the 
optical density of 1.S are, as follows. 

Thickness ( J..Un) Weight % Optical density 

0.8 67.5 1.5 

0.9 60.0 1.5 

1.0 54.0 1.5 

1.1 49.0 1.5 

1.5 36.0 1.5 

2.0. 27.0 1.5 

2.5 21.6 1.5 
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CLAIMS 

-
1. A liquid crystal display device including a first transparent 

insulating substrate having a common electrode form_ed thereon, a second 

transparent insulating substrate (1) having gate lines (11) formed 

thereon in a first direction and data lines (10) formed thereon in a 

second direction intersecting·said first direction to define an array of 

liquid crystal display cells, one cell at each.crosspoint of said gate 

and data lin·es, each display cell having a thin film transistor (TFT) and 

a display electrode ( 3) , the device having a light shielding layer ·c 4) 

apertured to.expose a display area at each display electrode, and liquid 

crystal material retained between said first and second substrates said 

device being characterised in that at each display area said light 

shielding layer comprises a thin layer (5) formed at an edge of the 

display electrode upstream of the rubbing direction (9) of said device to 

define a boundary (6) of the aperture, and a thick layer (4) formed-on 

said:thin layer and spaced (L) ~rom· said boundary to "ieave a thin light 
I • 

shield positioned to block light from liquid crystal molecules wpich have 
; 

been reverse tilted at said edge. 

2. A device as claimed in claim 1 wherein said thin light shield has a 

thickness equal to or less than 0.5 µm. 

3. A device as claimed in claim 1 or claim 2, wherein said thin light 

shielding layer is a metal layer and said thick light shielding layer is 

a black colored photoresist layer. 

4. A device as claimed in claim 3, wherein said metal layer is formed 

from the metal layer used for said gate line. 

s. A device as claimed in claim 3, wherein said metal layer is formed 

from the inetal layer used for said data lines. 

6. A device as claime~ in claim 3, wherein said photoresist layer 

includes blue pigments, yellow pigments and violet pigments. 

7. A device as claimed in claim 3, wherein said photoresist layer 

including red pigments, blue pigments, yellow pigments and violet 

pigments. 



... 

JA9-91-044 13 

a. A device as claimed in any preceding claim in which both the 

upstream and downstream edges of said display electrode have thin light 

shield layers formed thereon, the thick layer being formed on said thin 

layer at the downstream edge at a spacing from the aperture boundary 

similar to that of the thick layer at the upstream edge. 

111111111111111111111111.111111 
* C L M S * 

This Sheet Has Been Replaced 

11111111111111111111111 
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ABSTRACT 

A liquid crystal display device includes a light shield layer 

formed on the display electrode (3} at the edge of each display aperture 
as a thin layer (5) at the upstream edge of the aperture in the rubbing 
direction of the device, and a thick layer (4) formed on the thin layer 
at a spacing (L) from the boundary of the display aperture. This leaves 
a thin light shield over the part of the display cell having reverse 
tilted liquid crystal molecules, thereby enhancing the quality of the 
display. 
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The invention relates to liquid crystal display (LCD) devices. 

A light shielding layer referre~ to as a black matrix is 

customarily provided in an LCD device to prevent incident light from 

affecting photosensitive parts ·of the device and reducing the contrast of 

the display. The light shielding layer is so designed as to expose only 

display area.of display electrodes. to improve the contrast of.a displayed 

image. The LCD device has first and second transparent insulating 

substrates, such as glass, spaced frcm each other, and liquid crystal 

material contained in the space. In a typical thin film transistor (TFT) 

type LCD device, the light shielding layer is formed on the first 

substrate, then a common electrode of Indium Tin Oxide (ITO) is formed, 

and an orientating layer, such as polyimide, is formed. A thin metal 

layer, such as Cr, can. be used as the light shiel.ding layer since the 

entire common electrode is maintained at a fixed reference potential. 

On the second substrate, horizontal metal gate lines and vertical 

metal data lines are formed. At each crosspoint of the gate and data 

lines·, a display cell is formed which includes the TFT and the display 

electrode of the ITO. A passivation layer and an orientat~ng layer are 

also formed on the structure.. Polarizers are arranged outside the first 

and second substrates, and a light source is provided to project the 

light to the LCD device. A data line .driver and a gate line driver 

connected to the data and gate lines, respectively are selectively 

activated to apply a voltage to the liquid crystal between selected 

display electrodes and the common electrode to display an image. Since 

the light shielding layer is formed en the first substrate, called as a 

common electrode substrate, and the display electrodes are formed on the 

second substrate, called as a TFT substrate, both the substrates must be 

carefully assembled to align apertures of the light shielding layer with 

the display electrodes. 

To solve the problem, it has been proposed to form the light 

shielding layer on the TFT substl."ate, but this raises the following 

additional problem: The metal light shielding layer on the TFT substrate 

presents an undesir~ble.capacitance effect in conjunction with the 

passivation layer and the other conductive elements, such as the data and 
gate lines. 
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To avoid this additional problem, an insulator, such as photoresist 

material, may be used as the light shielding layer on the TFT substrate. 

To realize an optical density which is .. required to sufficiently shield or 

block the light, a thick photoresist layer is required. Fiq.8 shows a 

plan view of the resulting cell and Fig.9 shows a crosssectional 

structure on the second glass substrate view at A-A in Fig.8. The first 

glass substrate is not shown in Fig.9. The gate line or electrode is 

f°..!;µied on .the second glass substrat~. A gate insulating layer is formed, 

an amorphous- Si layer which operates as a channel region of the TFT is 
+ formed, and a display electrode of ITO is formed. An N amorphous Si 

layer and an Al layer are formed on the amorphous Si layer to form a 

drain electrode at the right side of the channel of the TFT and a source 

electrode at the left side. The drain region is extended from the data 

line, and the source electrode is connected to the display electrode. A 

passivation layer is formed to cover the structure. Next, the thick 

black photoresist layer or light shielding layer is formed to expose the 

display electrode. An orientating layer is formed on the entire 

structure which, as well known in the art, is rubbed in one direction, as 

shown in Fig.8, to align liquid crystal molecules 1in the one direction 

when no voltage is applied. While all the liquid crystal molecules 

should be aligned in the same direction, as shown by the liquid c~ystal 

molecul~s B, those liquid crystal molecules ~ near to the edge ?f the 

aperture of the-light shielding layer located upstream of the rubbing. 

direction tend to tilt in the reverse direction, as shown in Fig.9, a 

phenomenon called reverse tilt. The reverse tilt occurs due to the large 

step H which is caused by the thick photoresist layer. Fig.10 shows a 

simp~ified st;i::ucture of the aperture of Fig.9, without the passivation 

layer and the orientating layer. The reverse tilt occurs in an area 

defined by L located upstream of the rubbing direction. A boundary 

between the normal tilt region and the reverse tilt region is called a 

reverse tilt disclination line. The.light from the light source passes 

through the liquid crystal along the reverse tilt disclination line. A 

line shown in the Fig.8 shows the continuous reverse tilt disclination 

line appearing along the upper side edge and the left side edge of the 

aperture which are located at the upper stream of the rubbing direction 

when no voltage is applied across the liquid crystal. 

The reverse tilt disclination line raises a problem when the LCD 

device is operated in a normal white mode. In the normal white mode, the 

polarizers are crossed and the liquid crystal molecules are twisted. 
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When no voltage is applied across the liquid crystal, the light from the 

light source passes through the LCD device, whereby the white color is 

displayed. When the -voltage is applied, the light is blocked by the 

polarizers, and the black color is displayed. However, if the reverse 

tilt occurs when the voltage is applied, the light from the light source 

passes through the reverse tilt disclination line, so that a white line 

appears in the black image, which degrades the contrast and increases an 

afterimage or residual image effect. The display quality is thus 

markedly degraded by reverse tilt. 

Japanese _patent appl~cation 63-162521 (Published Unexamined Patent 

Application 02-13927) solves the reverse tilt occurring at corner 

portions of a rectangular display electrode of the LCD device by 

enlarging the corner portions of the display electrode, whereby the 

reverse tilt occurs in the enlarged areas of the display ele_ctrode. 

The present invention deals with the reverse tilt caused by the use 

of the thick light shielding layer on the TFT substrate in a way that 

avoids the necessity for such enlarged areas. 

According to the invention there is provided a liquid crystal 

display device including a first transparent insulating substrate having 

a·common ~lectrode formed_ thereon, a second transparent .insulating 

substr~te having gate lines formed thereon in a first direction and data 

lines formed _thereon in a second direction intersecting said first 

direction to define an array of liquid crystal display cells, one cell at 

each crosspoint of said gate and data lines, each display cell having a 
thin film transistor (TFT) and a display electrode~ the device having a 

light shielding layer apertured to expose a display_ area at each display 

electrode, and .liquid crystal material retained between said first and 

second.substrates said device being characterised in that at each display 

area said light shielding layer comprises a thin layer formed at an edge 

of the display electrode upstream of the rubbing direction of said device 

to define a boundary of the aperture, and a thick layer formed on said 

thin layer and spaced (L) from said boundary to leave a thin light shield 

positioned to block light from liquid crystal molecules which have been 

reverse tilted at said edge. 

The thin light shielqing layer blocks light passing through reverse 

tilted liquid crystal molecules. 
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A thickness of the· thin light shielding layer is preferably equal 

to or less than O.Sµm. 

In a preferred embodiment of the invention the thin light shielding 

layer is a metal layer and the thick light shielding layer is a black 

photoresist layer. 

The metal layer may be formed from the metal.used for the gate line 

or the metal used for the data line. 

The photoresist layer may include blue pigments, yellow pigments 

and violet pigments, and may further include red pigments. 

In order that the invention may be well understood, embodiments 

thereof will now be described with reference to the accompanying 

drawings, in which: 

Fig.I shows the structure of the display electrode and the thin and 

thick light shielding layers of the preJent invention. 

Fig.2 shows the first embodiment of the present invention . 

. Fig.3 shows the circuit of the liquid crystal display cell. 

Fig.4 shows the second embodiment of the present invention . 

Fig.S shows the third embodiment of the present invention. 

Fig.6 shows the fourth embodiment of the present invention. 

Fig.7 shows the fifth embodiment of the present invention. 

Fig.8 shows the plan view of the liquid crystal display cell the 

image of which is degraded by the reverse tilt. 

Fig.9 shows the cross section along line A-A in the Fig.8. 

Fig.IO shows the display electrode of the structure shown in the 

Fig.9. 

T ... i"' is the replacement sheet 
1111:1- . 

Date: .._ 3 JUN \S96 



5 

The liquid crystal display device includes first transparent 

insulating substrate·, such as glass plate, second transparent insulating 

substrate, such as glass plate, and liquid crystal material of a positive 

dielectric anisotropy retained between the first and sec.and substrates. 

The first substrate has a common electrode and an orientating layer. The 

second substrate has gate lines extended in a horizontal direction, data 

lines extended. in a vertical direction and liquid crystal display cell 

each formed at a crosspoint of the gate and data lines. The liquid 

crystal display cell includes a thin film transistor and a display 

electrode. An exposed area, defined by the aperture of the display 
. . 

electrode is defined as a picture element (pel). The surface of the 

structure of the second substrate is coated by an orientating layer. The 

orientating layer of the first substrate is rubbed in first direction and 

the orientating layer of the second substrate is rubbed in second 

direction intersecting the first direction, whereby the liquid crystal 

molecules are twisted by 90 degrees. 

The detail of the structure of the first substrate is not described 

and not shown in the figures, since it is well known in the art. 

Fig.I shows a simplified structure of the display electrode on the 

second substrate. The gate insulating layer 2, the display electrode 

(ITO) 3, a thin light shielding layer 5 and a thick black photoresist 

layer 4, i.e. the thick light shielding layer, are formed on the glass 

substrate 1. 

In accordance with the present invention, the thin light shielding 

layer 5 and the thick black photoresist layer 4 are formed at a 

peripheral of the display electrode 3, which is located upstream of a 

rubbing direction. Due to a height Hl from the surface of the thin light 

shielding layer 5 to the top of the thick black photoresist layer 4, the 

reverse tilt occurs in the portion represented by L. The distance L is 

5-lOµm. The purpose of the thin light shielding layer 5 is to prevent 

the light from passing through the reverse tilted liquid crystal 

molecules in the portion L. However, if a thickness of the light 

shielding layer 5 is large, the reverse tilt occurs in a portion Ll. The 

inventors of the present invention have found that the reverse tilt does 

not occur in the portion Ll if the thickness of the light shielding layer 

S is equal to or less than O.Sµm, and that the material satisfying the 

above two conditions, i..e. the light bloi:king capability and the 
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thickness equal to or less than O.Sµm, exists in the LCD device as the 
gate line or data line. Examples of the thickness of the gate and data 
lines are 3000fl.C and 4500~, respectively. The use of the metal material 
for the gate and data lines as the thin light shielding layer 5 has the 
following additional effects. That is, the thin light shielding layer 5 
can be simultaneously formed with the formation of the gate or data 
lines. In other words, the thin light shielding layer 5 can be formed 
without increasing the number of fabricating steps of the LCD device. 

For the reasons described above, the light shielding layer of the 
edge of the display area, located at the upper stream of the rubbing 
direction, ·comprises the thin light shielding layer 5 formed at the 
peripheral of the display electrode 3 for defining the edge 6 of the 
aperture, and the thick black photoresist layer or thick black 
photopolymer 4, the edge 7 of which is positioned on the thin light 
shielding layer 5. The edge 6. and the edge 7 are separated from each 
other by the dis.tance L. 

The thin light shielding layer 5 is required to be formed at the 
edge of the aperture located upstream of the rubbing direction to solve 
the reverse tilt. 

However,· i:t is. preferable to form the thin light shielding layer 5 
at the edges located downstream of the rubbing direction, as shown in the 
Fig.l, since it is desired that all the liquid crystal display cells have 
the same aperture ratio. The aperture ratio means the ratio of an area 
through which the light passes to a total area of the liquid crystai 
display cell. 

Although the thin light shielding layer 5 is formed on the display 
electrode 3 in the Fig.1, the layer 5 is also formed below the display 
electrode 3, as described with respect to the Figs.4-7. 

Fig.2 shows first embodiment of the present invention in which the 
thin light shielding layer 5 is formed by the metal layer used for the 
data line. 

A plan view in the Fig.2 shows a display cell at a crosspoint of 
the data line and the gate line. The right-side up hatching lines 
represent the metal layer used for the gate line, and the left-side up 
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hatching lines represent the metal line used for the data line. The 

display cell includes the TFT and the transparent display electrode 3, 

such as ITO. The aperture of the display electrode 3 is defined by the 

light shielding layer 5 of the data line 10. The arrow. 9 indicates the 
rubbing direction. The Fig.2 also shows cross-sections viewed at lines. 

A-A and B-B in each fabricating step. 

Describing the fabricating steps, in a step 1, a metal layer 11, 

such as Al, Ti, cu, Mo, Cr, Ta etc., is deposited on the glass substrate 

1 by a sputterin~ process. The gate line 11 and a reference voltage line 

llA, shown in the plan view are formed by an usual selective etching 

process using a photoresist. 

In a step 2, a transparent insulating layer 2, such as SiOx, SiNx, 
is. deposited on an entire surface of the structure by a chemical vapor 

deposition (CVD)·process. 

In a step 3, an intrinsic amorphous Si layer is deposited on the 

structure by the CVD process, and is selectively etcheq to form an active 

or channel region 13 of the TFT. 

In a step 4, a transparent conductive layer, such as Jndium Tin 

Oxide (ITO), is.deposited on the structure, and is selectively etched to 

form the display electrode 3. 

In a step 5, a metal layer 5, such as Al, Ti, Cu, Mo, Cr, Ta etc., 
is deposited on the structure, and is selectively ·etched to form the thin 
light shielding layer 5, the data line 10, and source (S) and drain {D) 

electrodes of the TFT. 

In a step 6, the black photoresist layer 4 of low transmittance is 

deposited on the structure by a spin coating technology, and is 
selectively etched to form the structure shown in the Fig.I. The black 
photoresist layer 4 is a negative photoresist wherein an exposed portion 
by a light source is not dissolved by a developing agent and an unexposed 
portion is dissolved. 

Fig.3 shows an equivalent circuit of the liquid crystal cell shown 

in the Fig. 2, well known in the art. . A portion of the display electrode 

which overlaps with the reference voltage line llA, the insulating layer 
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12 and the reference voltage line llA in the Fig.2 form a storage 

capacitor CS in the Fig.3. The storage capacitor CS stores electrtc 

charges during one frame period of the LCD device, as well known in the 

art. 

Fig.4 shows second embodiment of the present invention in which the 

thin light shielding layer 5 is formed by the metal material used for the 

gate line. 

A plan view in the Fig.4 shows the display cell at the crosspoint 

of the data line 10 and the gate line 11. The equivalent circuit of the 

cell is shown in the Fig.3. The Fig.4 also shows cross-sections viewed 

at lines A-A and B-B in each fabricating step. The arrow 9 shows the 

rubbing direction. 

Describing the. fabricating steps, in a step l, the metal layer is 

deposited on the entire surface of the glass substrate 1, and is 

selectively etched to form the gate line 11, the reference voltage line 

llA and the thin light shielding layers SA. 

In a step 2, the transparent insulating layer 2 is deposited on the 

structure. 

In a step 3, the intrinsic amorphous Si active region 13 of the TFT 
is formed. 

In a step 4, the transpare11t display electrode 3, such as ITO, is 
formed on the structure. 

In a step 5, the metal data line 10, the drain (D} and source (S} 

electrodes of the TFT are formed. 

In a step 6, the thick black photoresist layer 4 of low 

transmittance is formed to expose the display area of the display 

electrode 3. 

Fig.S shows third embodiment of the present invention, wherein the 

thin light shielding layer 5 of the edge of the aperture is formed by 

four. portions, i.e. portions SA, SB, SC and SD. The portions SA and SC 

are formed by the metal of the gate line 11, and the portions SB and SD 
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are formed by the metal of the data line 10. The arrow 9 shows the 

rubbing direction. 

Fig.6 shows fourth embodiment of the present inven~ion, wherein the 

reference voltage_ line llA is commonly used as the upper horizontal 

portion of the thin light shielding layer 5, and the left and right 

vertical portions of the thin light shielding layer 5 are extended from 

the upper horizontal portion. The reference voltage line llA is 

simultaneously formed with the gate line 11. In other words, the 
reference voltage line llA, i.e. the thin light shielding layer 5, is 

made of the metal of the gate line 11. As described hereinbefore with 

refer to the Figs. 2 and 3, the reference voltage line llA which overlaps 

with the display electrode 3 operates as one electrode of the storage 

capacitor cs. In the embodiments shown in the Fig.2, Fig.4, Fig.5 and 

Fig.7, the width of the portion of the reference voltage line llA 

overlapping with th~ display electrode 3 is wider than that of the 

remaining portion. 

In the embodiment shown in the Fig.6, the left and right vertical 

portions of the thin light shielding layer 5 are used as the one 
electrode of the storage capacitor CS, whereby the width of the reference 

voltage line llA overlapping with the top portion of the display 

electrode 3 can be reduced. For the above reasons, the length ~2 of the 

ape~ture, i.e. the display area of the display electrode 3, is longer 
than that of another embodiments, whereby a large aperture ratio of the 

display cell is realized. And, the edge 7A of the thick black 

photoresist laye.r 4 is separated or discontinued from the edge 7B of the 

thick black photoresist layer above the r~ference line llA, so that 

reverse tilt occurring along the vertical edge 7A can be separated or 
discontinued from reverse tilt occurring along the horizontal edge 7B, 

whereby the oblique reverse tilt as shown by a portion A in the Fig.8 is 

completely prevented. The arrow 9 shows the rubbing direction. 

Fig.7 shows fifth embodiment of the present invention, wherein the 
thin light shielding layer 5 is formed only at the upper stream of the 

rubbing direction 9. That is, the thin light shielding layer S is 

provided at the top edge and the leftside edge of the aperture of the 

display electrode·3. The thin light shielding layer 5 is made of the 
metal of the gate line 10. However, the thin light shielding layer 5 can 
be also made of the metal of the data line 10. 
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The negative photoresist layer, i.e. transparent organic material 

comprises: 

binder polymer 

monomer 

initiator 

inhibitor 

solvent 

300g 

165g 

lOg 

80mg 

2750g 

The following kinds of pigments are dispersed in the negative 

transparent photoresist to provide black colored negative pho~oresist 

operating as the light shielding layer. 

The pigments are red pigments, such as dianthraquinone, blue 

pigments, such as Cu-phthaiocyanine, yellow pigments, such as isoindolin, 

and violet pigments,. such as dioxazine. These pigments are mixed to 

provide the black colored negative photoresist. 

The combinatiohs of the pigments to provide the black color are, as 

follows. 

Example 1 Example 2 

Red pigments 5 ·w% 

Blue pigments 35. w% 20 w% 
Yellow pigments 40 w% 20 w% 
Violet.pigments 20 w% 60 w% 

The pigments are dispersed into the negative photoresist to provide 

the black colored light shielding layer which indicates an optical 

density ·equal to or larger than 1. 5. 

The optical density is determined by a thickness of the layer and 

weight % of the pigments dispersed in the layer. The light shielding 

layer 4 used _in the embodiments described hereinbe~ore has a thickness of 
2µm, and a weight % of the pi<;Jlllents dispersed in the layer 4 is 36 weight 

%, to provide the optical density of 2.0. 

It has been found by the inventors of the present invention that 

value 1.5 of the optical density is the·minirnum value required to provide 

a required contrast of the displayed image. If the optical density is 
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smaller than 1.5, the light passes to the thin film transistor through 

the ~ayer 4, so that a voltage-transmittance characteristic of the liquid 

crystal display cell is shifted and the display quality is degraded. 

The combinations of the thickness of the light shielding layer 4 

and the weight % of the pigments dispersed in the layer 4 to provide the 

optical density of 1.S are, as follows. 

Thickness (µm) Weight % Optical density 

0.8 67.5 1.5 

0.9 60.0 1.5 

1.0 54.0 1.5 

1.1 49.0 1.5 

1.5 36.0 1.5 

2.0. 27.0 1.5 

2.5 21.6 1.5 
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CLAIMS 

1. A liquid crystal display device including a first transparent 

insulating substrate having a common electrode form.ed thereon, a second 

transparent insulating substrate (1) having gate lines (11) formed 

thereon in a first direction and data lines (10) formed thereon in a 

second direction intersecting said first direction to define an array of 

liquid crystal display cells, one cell at each crosspoint of said gate 

and data lines, each display cell having a thin film transistor (TFT) and 

a display electrode (3), the device having a light shielding layer "{4) 

apertured to expose a display area at each display electrode, and liquid 

crystal material retained between said first and second substrates said 

device being characterised in that at each display area said light 

shielding layer comprises a thin layer (5) formed at an edge of the 

display electrode upstream of the rubbing direction (9) o~ said device to 

define a boundary (6) of the aperture, and a thick layer {4) formed·on 

said thin layer and spaced (L) from· said boundary to leave a thin light 

shield positioned to block light from liquid crystal molecules which have 

been reverse tilted at said edge. 

2. A device as claimed in claim 1 wherein said th~n light shield has a 

thickness equal to or less than 0.5 µm. 

3. A device as claimed in claim 1 or claim 2, wherein said thin light 
shielding layer is a metal layer and said thick light shielding layer is 
a black colored photoresist layer. 

4. A device as claimed in claim 3, wherein said metal layer is formed 

from the metal layer used for said gate line. 

5. A device as claimed in claim 3, wherein said metal layer is formed 
from the inetal layer used for said data lines. 

6. A device as claime~ in claim 3, wherein said photoresist layer 
includes blue pigments, yellow pigments and violet pigments. 

7. A device as claimed in claim 3, wherein said photoresist layer 
including red pigments, blue pigments, yellow pigments and violet 
pigments. 
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8. A device as claimed in any preceding claim in which both the 

upstream and .downstream edges of said display electrode have thin light 

shield layers formed thereon, the thick layer being formed on said thin 

layer at the downstream edge at a spacing from the aperture boundary 

similar to that of the thick layer at the upstream edge. 

111111111111111111111111111111 
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LIQUID CRYSTAL DISPLAY 

ABSTRACT 

A liquid crystal display device includes a light shield layer formed on the display 

electrode (3) at the edge of each display aperture as a thin layer (5) at the upstream 

edge of the aperture in the robbing direction of the device, and a thick layer (4) formed 

on the thin layer at a spacing (L) from the boundary of the display aperture. This 

leaves a thin light shield over the part of the display cell having reverse tilted liquid 

crystal molecules, thereby enhancing the quality of the display. 

FIG. 1 
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When no voltage is applied across the liquid crystal, the light from the light source 

passes through the LCD device,-whereby the white color is displayed. When the voltage 

is applied, tbe light is blocked by the polarizers, and the black color is displayed. 

However, if the reverse tilt occurs when the voltage is applied, the light from the light 

source passes through the reverse tilt disclination line, so that a white line appears in the 

black image, which degrades the contrast and increases an afterimage or residual image 

effect. The display quality is thus markedly degraded by reverse tilt. 

Japanese patent application 63-162521 (Published Unexamined Patent Application 

02-13927) solves the reverse tilt occurring at corner portions of a rectangular display 

electrode of the LCD device by enlarging the corner portions. of the display electrode, 

whereby the reverse tilt occurs in the enlarged areas of the display electrode. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to ameliorate one or more disadvantages of 

the prior art. 

According to one aspect of the present invention there is provided in a liquid 

crystal display device including a first transparent insulating substrate having a common 

electrode formed thereon, a second transparent insulating substrate having gate lines 

formed in a first direction, data lines formed in a ·second direction so as to intersect said 

gate lines, liquid crystal display cells each formed at a crosspoint of said gate and data 

lines, said cell having a thin film transistor and a display electrode; and a light shielding 

layer having an aperture for exposing a display area of each display electrode;. liquid 

crys~l material retained between said first and second substrates, and· a liquid crystal 

orie~tating layer on at least one of said substrates the improvement comprising: said light 

shielding layer at an edge of said aperture being located in an up stream direction with 

respect to a rubbing direction of said orientating layer of said substrate, comprising a 

thin light shielding layer formed at a periphery of said display electrode for defining an 

edge of said aperture, and a thick light shielding layer having an edge positioned on said 

thin light shielding layer. 
This is the replacement shwt 
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DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

In order that the invention may be well understood, embodiments thereof will now 

be described with reference to the accompanying drawings, in which: 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

shows the structure of the display electrode and the thin and thick light 

shielding layers of the present invention. 

shows the first embodiment of the present invention. 

shows the circuit of the liquid crystal display ·cell. 

shows the second embodb:µent of the present invention. 

shows the third embodiment of the present invention. 

shows the fourth embodiment of the present invention. 

shows the fifth embodiment of the present invention. 
. . . . 

shows the plan view of the liquid crystal display cell the image of which is 

degraded by the rever$e tilt. 

shows the cross section along line A-A in the Fig. 8. 

Fig. 10 shows the display electrode of the· structure shown in the Fig. 9. 
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CLAIMS 
111111111111111111111111111111 
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1. In a liquid crystal display device including a first transparent insulating substrate 

having a common electrode formed thereon, a second transparent insulating substrate 

having gate lines formed in a first direction, data lines formed in a second direction so as 

to intersect said gate lines, liquid crystal display cells each formed at a crosspoint of said 

gate and data lines, said cell having a thin film transistor and a display electrode; and a 

light shielding layer having an aperture for exposing a display area of each display 

electrode; liquid crystal material retained between said first and second substrates, and a 

liquid crystal orientating layer on at least one of said substrates the improvement 

comprising: 

said light shielding layer at an edge of said aperture being located in an up stream 

direction with respect to a rubbing direction of said orientating layer of said substrate, 
' 

comprising a thin light shielding layer formed at a periphery of said display electrode for 

defining an edge of said aperture, and a thick light shielding layer having an edge 

positioned on said thin light shielding layer. 

2. A liquid crystal display device according to claim 1, wherein said thin light 

shielding layer blocks light passing through reverse tilted liquid crystal molecules. 

3. A liquid crystal display according to claim 2, wherein a thickness of said thin light 

shielding layer is equal to or less than 0.5 um. 

4. A liquid crystal display device according to claim 1, wherein said thin light 

shielding layer is a metal layer and said thick light shielding layer is a black colored 

photoresist layer. 

5. A liquid crystal display device according to claim 4, wherein said metal layer is an 

extension of a metal layer used for said gate line. 

6. A liquid crystal display device according to claim 4, wherein said metal layer is an 

extension of a metal layer used for said data line. ., 
This is the rep\acemetit sh• 
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7. A liquid crystal display device according to claim 4, wherein said photoresist layer 

includes blue pigments, yellow pigments and violet pigments. 

8. A liquid crystal display device according to claim 4, wherein said photoresist layer 

including red pigments, blue pigments, yellow pigments and violet pigments. 

I IHIHI 111111 IHll lllll II IHI 
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