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LIQUID CRYSTAL DISPLAY WITH
SUBSTANTIALLY EQUAL RESISTANCES
FOR SETS OF TERMINAL ELECTRODES
AND INCLINED WIRING ELECTRODES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATION

This 1s a continuation of U.S. application Ser. No. 08/523,
842 filed Sep. 7, 1995, now U.S. Pat. No. 5,757,450, the
subject matter of which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display of
a simple matrix type or an active matrix type and more par-
ticularly to a liquid crystal display suitable for high-quality
display by optimizing the geometry of transparent electrodes
formed on the liquid crystal display element substrate.

2. Description of the Prior Art

The liquid crystal display comprises, for example, a liquid
crystal display unit (heremaiter simply referred to as an
LCD), a backlight disposed under the liquid crystal display
unit to supply light to the liquid crystal display unit, a drive
circuit for the liquid crystal display unit arranged outside the
outer periphery of the liquid crystal display unit, a molded
frame body holding these members, and a metal frame
which accommodates these members and has a liquid crystal
display window. The liquid crystal display unit includes two
insulating substrates made of transparent glasses (called
clectrode substrates) which are placed as to be opposite to
cach other with a predetermined distance in between 1n such
a way that the surfaces of the insulating substrates on which
transparent pixel electrodes for display and a molecular
alignment layer are so stacked as to face each other; a sealing
material provided between the insulating substrates and
along the circumierential portion of the msulating substrates
for joining these insulating substrates together; liquid crystal
fed and sealed 1nside the sealing member between the 1nsu-
lating substrates through a liquid crystal mjection port pro-
vided at one part of the sealing member; and polarizing
plates provided outside the msulating substrates.

The liquad crystal display unit and the drive circuit board
are electrically connected by a tap carrier package (1TCP)
where a semiconductor integrated circuit chip for driving the
liquad crystal display unit 1s mounted.

More specifically, a large number of output terminals of
the circuit board and a large number of input terminals (outer
leads on the mput side) of the TCP are connected by solder-
ing. A large number of output terminals (outer leads on the
output side) of the TCP and a large number of input termi-
nals of the liquid crystal display unit connected to the dis-
play electrodes (the input terminals are formed and arranged
at the end portion of the surface of one of the transparent
glass substrates or electrode substrates constituting the lig-
uid crystal display unit) are connected by an anisotropic con-
ductive film. A large number of input terminals of the semi-
conductor integrated circuit chip mounted on the TCP are
connected to a large number of inner leads on the output side
of the TCP, and a large number of output terminals of the
semiconductor integrated circuit chip are connected to a
large number of inner leads on the input side of the TCP.
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In a stmple matrix liquid crystal display unit, transparent
clectrodes are parallely formed on the facing surfaces of the
two substrates, respectively. When viewed from a direction
perpendicular to both substrates surfaces, the parallel trans-
parent electrodes on the two substrates cross (actually, they
do not cross), and intersections form pixels, 1.e., effective
display areas.

Among literatures describing such a liquid crystal display
are Japanese Patent Laid-Open No. 214548/1986 and Japa-
nese Utility Model Laid-Open No. 13765/1990.

FIGS. 29A and 29B are schematic plan views showing
conventional transparent electrode wiring on the upper and
lower electrode substrates.

Of the two electrode substrates constituting a liquid crys-
tal display unit, the lower electrode substrate (also called a
data electrode substrate or segment electrode substrate) 312
has on 1ts surface parallel lower electrodes (also called data
drive element electrodes or segment electrodes) 332, and the
upper electrode substrate (also called a scanning electrode
substrate or common electrode substrate) 311 has on its sur-
face parallel upper electrodes (also called scanming drive
clement electrodes or common electrodes) 331.

These two upper and lower electrode substrates 311, 312
are superposed and assembled into a simple matrnix liquid
crystal display unit (see FIG. 20). The parallel upper elec-
trodes 331 and parallel lower electrodes 332 formed on the
facing surfaces of the two substrates are arranged perpen-
dicularly to each other (they cross without contacting each
other) when the completed liquid crystal display unit 1s seen
in a direction perpendicular to the surfaces of these sub-
strates. Each cross point constitutes one pixel, that 1s, each
cross point region forms an effective display region.

SUMMARY OF THE INVENTION

FIG. 28 1s a schematic plan view showing an essential
portion of wiring formed on the electrode substrate that con-
stitutes a conventional liquid crystal display umit, 1.e., dis-
play electrodes, TCP electrode connection terminals and
readout wirings connecting the display electrodes and the
TCP electrode connection terminals.

Numeral 311 (this 1s true of 312, but 311 1s used for sim-
plicity throughout the explanation) denotes one of electrode
substrates formed of transparent glasses that constitute a lig-
uid crystal display unit (not shown; see FIG. 20). Reference
symbols 40-1 to 40-8 denote display electrodes that consti-
tute pixels and which are formed on the surface of the elec-
trode substrate 311, made of a transparent conductive film
and arranged parallel to each other. Reference symbols 41-1
to 41-8 represent terminals (connection electrodes or input
terminals) connected to TCP electrodes (outer leads on the
output side mentioned above), which are drive elements.
Reference symbols 42-1 to 42-8 denote inclined linear wir-
ings or terminal leadout wirings that connects the display
clectrodes 40-n and the terminals 42-n (n 1s an arbitrary
integer). Numeral 43 denotes an aligning mark for TCP used
when the TCP 1s mounted on the electrode substrate 311.
Numeral 44 1s the center line of a group of terminals corre-
sponding to one TCP mounted on the electrode substrate

311. An area where a sealing material 1s provided is repre-
sented by 36.

In the electrode substrate 311 that makes up the liquid
crystal display unit, the pitches of the TCP electrodes are
usually narrower than those of the parallelly arranged dis-
play electrodes 40-n. That 1s, the pitches of the terminals
41-n connected to the TCP electrodes are narrower than
those of the display electrodes 40-n. The leadout wirings
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connecting the display electrodes 40-n and the terminals
41-n are inclined linear wirings at 42-n. As shown m FIG.
28, 1n the conventional leadout wirings, their wiring resis-
tances are made equal by adjusting the angles of the inclined
linear wirings 42-n (with respect to the display electrodes
40-n or terminals 41-n) and the widths of the inclined linear
wirings 42-n. Such leadout wirings are called radial wirings.

Such a conventional technique involves the following
problems.

[,

The area utilization efficiency (wiring efficiency) of the
leadout wirings 1n the electrode substrate 311 1s low, making
the leadout wirings long, which 1n turn increases the wiring,
resistances. To shorten the lengths of the leadout wirings, the
widths of the readout wirings must be small to provide clear-
ances between the wirings. This increases the wiring resis-
tances. At present, the resistances of the leadout wirings are
in the range of 500€2 to 1 k&2, which 1s large compared with
the output resistance of a drive semiconductor IC chip of
S00-70082.

Because the terminals 41-n, arranged 1n line at the end of
the electrode substrate 311 and connected to the TCP termi-
nals (electrodes), are widely spaced and because the thick-
ness of the terminals 41-n consisting of, for example, an I'TO
(indium-tin-oxide; nesa) film 1s as large as 0.2—0.3 um, there
are differences in height between portions where the termi-
nals 41-n exist and portions where they do not. Hence, when
the liguid crystal display unit 1s mass-produced, a pattern
formed by the height difference 1s transierred onto a rubbing
roller, which performs aligning treatment (rubbing) of the
molecular alignment layer formed on the display electrodes
2. I1 the alignment treatment 1s performed by using this rub-
bing roller, rubbing streak variation occurs in the molecular
alignment layer, degrading the display quality.

Further, because the inclined linear wirings 42-n, the lead-
out wirings, are arranged radially, another nonuniformity
occurs, that 1s, the intervals between the inclined linear wir-
ings 42-n become smaller from the display electrodes 40-n
toward the terminals 41-n. As a result, on the inner side of
the sealing material 36 of the completed liquid crystal dis-
play unit (on the side where liquid crystal exists), tonal
irregularities occur 1n the frame edge portion or unlit portion
outside the display portion (lit portion) which 1s uniformly
black.

Furthermore, because the display electrodes 40-n 1n the
display section are arranged parallel at equal intervals, the
wiring density 1s umiform. The radially arranged, inclined
linear wirings 42-n, on the other hand, has nonumform wir-
ing density, so that in liquid crystal displays that require
high-precision gap (x0.1 um) between the electrode
substrates, particularly in supertwisted nematic (STN) liquad
crystal display (LCD), the effective density of the spacers
used to set the high-precision gap has a great influence.
Therefore, because the conventional, radially arranged,
inclined linear wirings 42-n generally have a lower wiring
density than the display section, color irregularity resulting
from gap variation at the frame edge portion occurs. The
transparent electrodes are formed of thick ITO films with a
thickness of about 0.2-0.3 um. Because the spacers are sup-
ported by the display electrodes 2 and inclined linear wirings
42-n, both formed of ITO films, on the upper and lower
clectrode substrates, the spacers 1n the area where there are
no electrodes become Iree, making the gap control meffec-
tive.

Literatures covering such a technology include Japanese
Patent Laid-Open No. 289626/1991, 70627/1992, 170522/

1992, 369622/1992 and 127181/1993.
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To reduce luminance 1rregularity caused by crosstalk of
liquid crystal pulse drive 1n the STN (Super Twisted
Nematic)-LCD, 1.e., shadowing, to such an extent that 1t 1s
no longer seen by the viewer, 1t 1s the best method to lower
the resistance of the transparent electrode. It 1s generally said
that the sheet resistance of the transparent electrode wiring
made of ITO (indium-tin-oxide, 1.e., nesa) needs to be lower
than about 2 €2/q, that the output resistance of the drive
clement be lower than about 100€2 and that the setting accu-
racy of the bias circuit be lower than about 0.2%. Hence, the
demand on the apparent sheet resistance of the liquid crystal
display unit 1s less than about 2 €2/q, but the present color
STN-LCD has an apparent sheet resistance of about 10 €2/q.
The wiring resistance of the scanning electrode 1n the liquid
crystal display umit with, for instance, a 9.4-inch display
screen 1s therefore about 6400£2 from end to end. In order
that shadowing cannot be seen by the viewer, the wiring
resistance needs to be reduced below about 1280€2. With the
conventional LCD, however, 1t has been difficult to reduce
shadowing.

Literatures describing such technologies include, for
example, Japanese Patent Laid-Open No. 239225/1991,

239226/1991 and 51333/1994.

Based on these problems arising in conventional
technologies, the objects of the present mvention are sum-
marized as follows.

A primary object of this invention 1s to provide a liquid
crystal display with a high display quality.

A more specific first object of this invention 1s to provide a
liquid crystal display, which has a high area utilization effi-
ciency for the leadout wirings and low-resistance leadout
wirings.

A second object of this mvention 1s to provide a liquid
crystal display, 1n which no rubbing streaks are formed in the
display section.

A third object of this invention 1s to provide a liquid crys-

tal display, which has no tonal irregularity in the frame edge
portion but has a uniform black unlit area.

A Tfourth object of this mvention 1s to provide a liquid

crystal display, which can precisely control the gap between
the substrates and produces no color irregulanity.

A fifth object of this imnvention 1s to provide a liquid crystal
display, which can reduce shadowing (uneven brightness) on
the screen caused by crosstalk of liquid crystal pulse drive
and thereby enhance the display quality.

-

T'he foregoing and other objects, advantages, manner of
operation and novel features of the terminals will be under-
stood from the following detailed description when read 1n
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial plan view of the first embodiment show-
ing leadout wirings on the electrode substrate applied to the
liquad crystal display of this invention;

FIG. 2 1s a diagram showing the coordinate relationship
between a first and a second leadout wiring of the first
embodiment;

FIG. 3 1s a diagram showing the correlation between an
(n—1)-th and an n-th leadout wiring of the first embodiment;

FIG. 4 1s a partial plan view of the second embodiment
showing leadout wirings on the electrode substrate applied
to the liquid crystal display of this imnvention;

FIG. 5 1s a partial plan view of the third embodiment
showing leadout wirings on the electrode substrate applied
to the liquid crystal display of this invention;
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FIG. 6 1s a diagram showing the connection relationship
when the display electrode terminal of the third embodiment
and the interterminal dummy electrode are electrically con-
nected;

FIG. 7A 1s a partial plan view showing part of the first
embodiment, whose area 1s about four times larger than that
shown 1n FIG. 1; FIG. 7B 1s a partial plan view showing part
of the second embodiment, whose area 1s about four times
larger than that shown 1n FIG. 4; and FIG. 7C 1s a partial plan
view showing part of the third embodiment, whose area 1s
about four times larger than that shown 1n FIG. 5;

FIG. 8 1s an enlarged plan view of color filters when two
stacked electrode substrates are viewed {from above;

FIG. 9A 1s an enlarged cross section taken along the line
A—A' of FIG. 8 and FIG. 9B 1s an enlarged cross section
taken along the line B-B' of FIG. 8;

FIG. 10 1s a schematic plan view showing the connection
between a printed circuit board, a TCP mounted with the
drive LSI chip, and a liquid crystal display unit to which this
invention can be applied;

FIG. 11A 1s a plan view showing the electrode wiring of
the scanning electrode substrate of the liquid crystal display
unit board to which the first to third embodiments are
adopted; and FIG. 11B 1s a plan view showing the electrode
wiring of the signal electrode substrate of the liquid crystal
display unit substrate to which the first to third embodiments
are adopted.

FIG. 12A 1s a cross section taken along the line C—C' of
FIG. 11 when the scanning electrode substrate of FIG. 11A
1s stacked on the signal electrode substrate of FIG. 11B; and
FIG. 12B 1s a cross section of the same portion 1n the con-

ventional apparatus (cross section taken along the line C—C'
of FIG. 29A);

FIG. 13A 1s a cross section taken along the line D-D' of
FIG. 11 when the scanning electrode substrate of FIG. 11A
1s stacked on the signal electrode substrate of FIG. 11B; and
FIG. 13B 1s a cross section of the same portion 1n the con-

ventional apparatus (cross section taken along the line D-D'
of FIG. 29B);

FI1G. 14 A 1s a cross section of a BMI (buried metal in I'TO)
structure in which a metal auxiliary electrode 1s buried 1n the
display electrode; and FIGS. 14B and 14C are a schematic
plan view and a cross section, respectively, when a chro-
mium film 1s stmply applied over the ITO;

FIG. 15 1s a schematic, enlarged plan view showing the
liquad crystal display unit to which the structure of FIG. 14A
1s applied;

FIG. 16 A 1s a cross section taken along the line A—A' of
FIG. 15; and FIG. 16B 1s a cross section taken along the line
B-B';

FI1G. 17 1s a partial plan view showing the fourth embodi-
ment with a BMI structure;

FIG. 18 1s an exploded perspective view showing an
example of the liquid crystal display to which this invention
1s applied;

FIG. 19 1s a first explanatory diagram showing the rela-
tionship between the ornentation direction of liquid crystal
molecules, the twist direction of liquid crystal molecules, the
direction of the polarizing or absorption axis of the polarlz-
ing plate, and the direction of the optical axis of the retarda-
tion {ilm 1n the liquid crystal display to which this invention
1s applied;

FIG. 20 1s an exploded perspective view showing an
example of the liquid crystal display unit to which this

invention 1s applied;
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FIG. 21 1s a second explanatory diagram showing the rela-
tionship between the ornentation direction of liquid crystal
molecules, the twist direction of liquid Crystal molecules, the

[

direction of the polarnizing or absorption axis of the polariz-
ing plate, and the direction of the optical axis of the retarda-
tion {ilm 1n the liquid crystal display to which this invention

1s applied;

FIG. 22 1s a graph showing the contrast, transmitted light
color, and cross angle a characteristic 1n the liquid crystal
display to which this invention 1s applied;

FIG. 23 1s a third explanatory diagram showing the rela-
tionship between the ornientation direction of liquid crystal
molecules, the twist direction of liquid crystal molecules, the

[

direction of the polarnizing or absorption axis of the polariz-
ing plate, and the direction of the optical axis of the retarda-
tion {ilm 1n the liquid crystal display to which this invention
1s applied;

FIGS. 24 A and 24B are schematic diagrams showing how
the cross angles ., 3, v and 0 1n the liquid crystal display of

this invention are measured;

FIG. 25 1s a partly cutaway, perspective view showing the
construction of the scanning electrode substrate section 1n
the liguid crystal display of this invention;

FIG. 26 1s a functional block diagram of a laptop personal
computer using the liquid crystal display of this mvention
for 1ts display section;

FIG. 27 1s a view showing the appearance of the laptop

personal computer using the liquid crystal display of this
invention for 1ts display section;

FIG. 28 1s a partial plan view showing leadout wirings on
the electrode substrate used 1n a conventional liquid crystal
display; and

FIG. 29 A 15 a schematic plan view showing electrode wir-
ing on the scanning electrode substrate used 1n the conven-
tional liquid crystal display; and FIG. 29B 1s a schematic
plan view showing electrode wiring on the signal electrode
substrate used in the conventional liquid crystal display.

FIG. 30 is a partial plan view of another embodiment
showing leadout wirings on the electrode substrate applied
to the liquid crystal display of this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a partial plan view of an electrode substrate that
constitutes a liquid crystal display unit of the first embodi-
ment of this imvention. This schematically shows a part of
the leadout wirings on the right-hand side of the center line
ol the terminal group which corresponds to one TCP
mounted on an electrode substrate. The electrode substrate
was fabricated according to an optimum algorithm of this
invention.

While each TCP (tape carrier package), a drive element,
usually has 80-160 electrodes, only eight electrodes are
shown 1n this embodiment for the sake of simplicity.
Although the number of electrodes differs, the configuration
of the leadout wirings of this invention can be applied as 1t 1s.

FIG. 7A shows a plan view covering an area about four
times as large as the area shown in FIG. 1.

Reference number 18 represents one of electrode sub-
strates formed of a transparent glass insulating substrate that
constitutes a liquid crystal display unit (not shown here; see

FIGS. 18 and 20). Reference symbol 40-1 to 40-8 are display
clectrodes (In FIGS. 9A and 9B, represented by 331 or 332)
that constitute pixels and are formed on the surface of an
clectrode substrate 311 (or 312), formed of a transparent
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conductive film and arranged parallel to each other. Refer-
ence symbols 41-1 to 41-8 are terminals (connection
clectrodes, 1.e., input terminals) connected to electrodes
(outer leads on the output side) of a TCP (not shown here;
see reference number 14 or 17 of FIG. 18). Inclined linear
wirings 42-1 to 42-8 are a part of the terminal leadout wir-
ings that connect the display electrodes 40-n and the termi-
nals 41-n. An aligning mark 43 1s used to align the TCP
when the TCP 1s mounted on the electrode substrate 311.

Numeral 44 designates the center line of a group of terminals
that corresponds to one TCP mounted on the electrode sub-
strate. Numeral 36 designates a portion where a sealant 1s
provided.

The pitches of the terminals 41-n led out to the end of the
clectrode substrate and connected to the TCP 1s narrower
than those of the display electrodes 40-n parallelly arranged
on the electrode substrate, and thus leadout wirings 42-n
need to be provided for connecting these electrodes. The
leadout wirings consist of portions extending from the dis-
play electrodes 40-n, portions extending from the terminals
41-n, and inclined linear wirings 42-n that connect the two
groups ol extended portions, have equal angles with respect
to the display electrodes 40-n and the terminals 41-n and are
parallel to each other. The lengths of the two groups of
extended portions and the widths of the inclined linear wir-
ings 42-n are calculated and formed so that the resistances of
the leadout wirings are the same.

There are the following four fundamental conditions for
wiring.

All the inclined linear wirings 42-n are parallel to each
other and tilted at an angle of 0 (-0 on the left-hand side of
the center line 44). They are all symmetrical with respect to
the center line 44. The angle 0 1s 1n the range of, say, 25-50°.

The intervals between the inclined linear wirings 42-n are
all set according to the wiring rule (d, .,,) with no margin.

The terminals 41-n have the same width over the full
length including the extended portions. The terminals 41-n
and the display electrodes 40-n are parallel to each other
(perpendicular to the terminal leadout end of the electrode
substrate of the liquid crystal display unit). The distances
between the terminals 41-n are set according to the TCP
bonding rule (d-»).

The display electrodes 40-n have the same width over the
tull length including the extended portions. The intervals
between the display electrodes 40-n are set according to the

TCP bonding rule (d, ).

Now, referring to FIG. 2 and FIG. 3, the construction of
the readout wirings 42-n will be explained 1n detail.

The wiring algorithm 1s as follows.

(1) The first leadout wiring to the immediate right of the
center line 44 connects linearly the display electrode 40-1
and the terminal 41-1 as 1t 1s (see FIG. 2).

(2) Draw a line from the end C1 of the display electrode
40-1 at an arbitrary angle 0.

(3) The intersection of the extended line from the C1 at the

angle 0 and the extended line of the terminal 41-1 1s taken as
B1.

(4) A point A2 1s determined so that the distance from the
extended line of the terminal 41-2 to the line segment B1-C1
1s a specified d, .

(5) Draw a line at the angle 0 from the point A2 (parallel
to the line segment B1-C1). The intersection of this line and

the extended line of the display electrode 40-2 1s taken as
D2.

(6) The width w1 of the inclined linear wiring 42-1 1s
determined arbitrarily.
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(7) Draw a line (parallel to the line segment A2-D2) so
that the distance between this line and the line segment
A2-D2 1s w2. The intersection of the drawn line and the
extended line of the terminal 41-2 1s taken as B2, and the
intersection between 1t and the extended line of the display
clectrode 40-2 1s taken as C2.

(8) Let the middle point of line segment A1-B1 be El, the
middle point of line segment D1-C1 be F1, the middle point
of line segment A2-B2 be E2, the middle point of line seg-
ment D2-C2 be F2, the distance between E1 and E2 on vy axis
be €1, the length of line segment E1-F1 be m1, the length of

line segment E2-F2 be m2, and the y-axis component of F2
be P2.

(9) Determine the width w2 of the inclined linear wirings
42-2 of the leadout wirings so that the following calculation
formula holds. That 1s, w2 1s determined to satisiy the condi-
tion that the resistance of the first and second leadout wirings
are the same.

+ E)qu = (E +

Wi W]

P>
WLCD

e
( WT;P )qu

where W . represents the width of the terminal 41-n deter-
mined according to the width of the TCP electrode, W, .,
represents the width ot the display electrode 40-n, and R,
represents the sheet resistance (£2/q) of the electrode wiring
material.

(10) B2 and C2, determined by w2 calculated from the
above formula, are taken as their final coordinates.

(11) Now, the first and second leadout wirings are deter-
mined.

(12) Next, to determine the third leadout wiring, follow
the same procedure from (2) to (10), except that the width
w3 of the inclined linear wiring 42-3 1s calculated from the
tollowing formula.

my
+ — +
Wo

P>
WLCD

B el

(13) This procedure 1s repeated until the n-th leadout wir-

ing 1s determined. To determine the width of the inclined
linear wiring 42-n, the following formular 1s used.

a2

pn—l
WILCD

Pn
WLCD

4

S(n—1 My
( =D )qu

WTCP Wn—1

(14) After the coordinates An, Bn, En, Dn for up to the
final n-th readout wiring determined, the resistance R of n-th
leadout wiring 1s calculated from the following formula.

Pn
WLCD

.

(15) The coordinate Bn of the n-th leadout wiring deter-
mines the y-axis height of the overall inclined linear wiring
pattern. That 1s, 1n the first to (n—1)-th leadout wirings, the
terminals 41-1 to 41-(n—-1) are extended according to Ban.
Then the resistances of the first to n-th leadout wiring are all
equal to R.

(16) Finally, calculation 1s performed with the angle 0 as a
variable to determine the angle 0 that makes the wire resis-
tance R minimum. The coordinates Al, B1, E1, D1 to An,
Bn, En, Dn of first to n-th leadout wirings are figured.

The coordinates Al, B1, E1, D1 of the first leadout wiring

are determined from the following formulas.
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Aj = (ax, a}rl) By = (bx, byl) Cy = (exi, C};l) Dy = (dxi, dyl)

B _[bxl+aﬂ b},1+a},1]F _[c31+dxl c},1+d},1]
Lo 2 2 b 2 2

_b},2+a},2 b},1+a},1
LT TTT T T2

Cx +d by 25 ¥ (b1 + +dy; \?
my = ( x1 x1 _ x] T ax] ] +( yl T dyl _ Cyl vl ]
2 2 2 2

Detailed calculation formulas for the coordinates Al, B1,
E1, D1 of the first leadout wiring are shown below.

Py = 0 wi = (cx] — dxy )s1nd

drcp
dx] = T Ei},l =0
— drcp
bx1 = ax1 + Wrcp by =( S~ + WLp _bxl]taﬂg
drcp
Cx1 = =5 ¥ WLCD ¢y =0
de; = ax) dyl =0

The coordinates A2, B2, E2, D2 of the second leadout
wiring are determined from the following formulas.

AZ — (332-,- ay?) B2 — (b}ﬂa byZ) CZ — (C:{Z-,- C};Z) DZ — (d};Za dy?)

bxz + axo b}xz + ay2 Cxo + dxz Cy2 + d}rz
-~ Je | |

2 ’ 2 2 ’ 2
o) — b},3+a},3 B b},2+a},2 b, = C}’2+d}’2
2 2 2 2
cor +dyr b +an V¥ (be+ + dys )
= ( 2 2 b Hz] +[ y2tay2  Cy2 }Q]
2 2 2 2

Detailed calculation formulas for the coordinates A2, B2,
E2, D2 of the second leadout wiring are shown below.

drep
axy = —— +Wrcp + drep

bx2 = axy + Wrcep

Cx2 = dx2 + WD

dr.cp
dxr = — +WLep + drcp
Ayp = — otand + byl + b, tanf + diep '\{tﬂllzg + 1
by2 = —bxatanf + ay, + atand + w, Vtan20 + 1

Cyo = —(Cyxo — byo)tanf + byZ

¥

d 5y = —(dxz — Elxz)tﬂllg + ay2

¥

The coordinates An, Bn, En, Dn of the n-th leadout wiring
are determined from the following formulas.

A, = (axn, a}m)Bn = (bxn, by(n+l}) Cp = (Cxns C}m) Dy = (dxy, d}m)

. :[lt:';,m+a;,{_Il b},n+a},n]F =[cm+dm c}m+d}m]

2 ’ 2 2 2
o — by{n+l} + Ay(n+1) _ b}’ﬂ + Aym . Cyn + dyn
n 7 > 2 BT T3
o (cm+dm _bm+am]2+(b},n+a},n ) «33\,,n+n::l},n]2
2 2 2 2

Detailed calculation formulas for the coordinates An, Bn,
En, Dn of the second leadout wiring are shown below.
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drcp

— + (Wrcp + drep)(n—1)

dxp =
bxn = Axp + WTCP

Cxn = dxn + WLCD

drcp
dxn = 5+ (Wrep + diep)(n— 1)
Ay = —axtand + by ) + byn_1ytand + dy cpVtan2d + 1
byn = —bxntand + ay, + ay,tand + wy Vtan20 + 1
Cyn = —(Cxn — Dyp Jtand + by,
dyn = —(dxn — axn)tand + ayy,

The leadout wirings are thus designed, 1t 1s possible to
improve their area utilization efficiency (wiring etficiency).
This 1 turn allows the lengths of the readout wirings to be
shortened and the wire resistances to be reduced 30—40%
from the conventional S00£2—1 k€2.

Because the reduction in resistance can contribute to the
margin ol the ON resistance of the drive semiconductor IC
chip, the dimension of the semiconductor IC chip can be
reduced.

Further, because the lengths of the leadout wirings can be
shorter than the conventional ones, it 1s possible to reduce
the dimensions of the liquid crystal display unit and there-
fore the cost of the manufacture.

Moreover, because the reduction 1n wire resistance can
reduce distortions such as deformations of liquid crystal
drive wavelorms and crosstalks, the shadowing (uneven
brightness) can be reduced, thereby improving the display
quality.

FIG. 4 1s a plan view showing an essential portion of the
leadout wiring section on the electrode substrate of the sec-
ond embodiment of this invention.

FIG. 7B 1s a plan view covering an area about four times
as large as the area of FIG. 4.

This embodiment has, 1n addition to the configuration of
the first embodiment, dummy electrodes 45 1n spaces
between the terminals 41-n that are connected to the TCP
and arranged 1n line at the end of the electrode substrate.

The dummy electrodes 45 have a shape with which the
spaces between the terminals 41-n are filled, that 1s, they
consist of parallel electrodes 45a with the same pitches as
those of the terminals 41-n and inclined linear electrodes
45b.

The inclined linear electrodes 45b are so arranged at as to
have the same angle and pitch as those of the inclined linear
wirings 42-8, which correspond to the outermost adjacent
terminals 41-8, of the terminal group 41-n, between the
inclined linear wirings 42-8.

In this embodiment, the dummy electrodes 435 are formed
of an ITO film and electrically floating.

In the conventional technique, because there are gaps
between the terminals 41-n connected to the TCP and the
terminals 41 are made of the ITO film as thick as 0.2-0.3
um, the height difference 1s produced between the area
where the terminals exist and the area where they do not. In
the mass production of the liquid crystal display unit, the
pattern of this height difference is transierred to the rubbing
roller for the alignment treatment (rubbing) on the molecular
alignment layer formed on the display electrodes 40. The
alignment treatment using this rubbing roller results 1n
irregular rubbing streaks formed on the molecular alignment
layer, degrading the display quality. In this embodiment,
however, the spaces between TCPs (between terminals 41)
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are filled with the dummy electrodes 45, so that the spaces
can be the similar surface roughness condition or the rubbing
condition to those on both sides. This prevents the forming
of 1rregular rubbing streaks on the molecular alignment
layer, unlike the conventional technique, and thereby
improves the display quality.

Further, because the provision of the dummy electrodes
45 1n the spaces between TCPs eliminates the recesses about
0.2 um deep between TCPs, 1t 1s possible to make the gap
between the upper and lower substrates uniform. Hence,
there 1s no tonal irregularity formed at the frame edge
portion, thus realizing an unlit area being uniformly black.
Precise control of the gap between the upper and lower sub-
strates can eliminate rainbow, contributing to improved dis-
play quality.

FIG. 5 1s a plan view showing an essential portion of the
leadout wiring section of the electrode substrate as the third
embodiment of this invention.

FIG. 7C 1s a plan view covering an area about four times
as large as the area of FIG. 5.

This embodiment has, 1n addition to the configuration of
the first and second embodiment, dummy electrodes 46 in
spaces between the terminals 41 1n the frame edge portion,
or unlit area, outside the display section (lit area) where
clectrodes of the upper and lower electrode substrate cross,
and on the mnner side of the sealant 36 of the completed
liquad crystal display unit (on the side where liquid crystal
exists), as shown 1n FIG. 5.

The dummy electrodes 46 have equal pitches, and the
distances between the dummy electrodes 46 and the termi-
nals 41 on both sides (intervals between the dummy elec-
trodes and the terminals) are equal. In this embodiment,
these distances are equal to the distances between the adja-
cent inclined linear wirings 42.

In this embodiment, the dummy electrodes 46 are formed
of ITO film and electrically floating.

Because the dummy electrodes 46 are provided in the
gaps between the terminals 41 in the area including the
frame edge portion, it 1s possible to prevent leakage of light
through the gaps between the terminals 41 1n the frame edge
portion. Further, the in-plane densities of the terminals 41
and of the extended portion of the terminals 41 are equal,
making the gap between the upper and lower substrates uni-
form.

Conventionally, as shown 1n FIG. 28, because the inclined
linear wirings 42 of the leadout wirings are formed radial,
the intervals between the inclined linear wirings 42 decrease
from the display electrodes 40 toward the terminals 41. This
causes uneven tonal irregularity in the frame edge portion
being uniformly black. In this embodiment, however, the
provision of the dummy electrodes 45 and 46 makes the gaps
in the frame edge portion uniform, eliminating the above-
mentioned problem and realizing a uniformly black frame
edge portion. This 1n turn improves the display quality.

Further, because 1n the conventional liquid crystal display
unit, the spacers are supported by the display electrodes 40
and the inclined linear wirings 42, both formed of the ITO
f1lm as thick as 0.2—0.3 um on the upper and lower electrode
substrates, the spacers where no electrodes are present are
free and not controlled. Moreover, the conventional, radially
arranged, inclined linear wirings 42 have nonuniform wiring
densities, as mentioned above, so that the gap variation in the
frame edge portion cause color variation.

Particularly in the STN-LCD that requires a high-
precision gap (£0.1 um) between the electrode substrates,
the gap 1s greatly influenced by the effective density of an
area where the spacers are provided. Because 1n this embodi-
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ment has the dummy electrodes 45, 46, the gaps 1n the frame
edge portion can be made equal, solving this problem, elimi-
nating the color variation due to gap variation 1n the frame
edge portion, and improving the display quality.

While the dummy electrodes 46 1n this embodiment are
clectrically floating, 1t 1s possible to connect the dummy
clectrodes 46 at a point by a minimum pattern connecting
portion 46', as shown 1n FIG. 6, so that the resistance of the
leadout wiring 1s equal to those of other leadout wirings.

FIGS. 11A and 11B are schematic plan views of an upper
clectrode substrate (FIG. 11A) and a lower electrode sub-
strate (FIG. 11B) that are assembled 1n such a way that the
surfaces of the substrates on which electrodes including the
leadout wiring and the dummy electrodes of the embodi-
ments of the 1nvention are formed to oppose each other. The
dummy electrodes on the upper electrode substrate have the
same shapes as those of the lower electrodes provided in the
peripheral portion of the liquid crystal display unit, and the
dummy electrodes in the lower electrode substrate have the
same shapes as those of the upper electrodes provided in the
peripheral portion of the liquid crystal display unat.

Because the terminals, readout wirings and dummy elec-
trodes formed at the end portion of one of the two electrode
substrates 311, 312 are formed on the surface facing the
other electrode substrate 312 or 311 1n this way, it 1s possible
to make the gap between the electrode substrates uniform
and therefore the frame edge portion 1s uniformly black. In
other words, 1t 1s possible to eliminate color variation due to
gap variation in the frame edge portion and thereby improve
the display quality.

FIG. 8 1s a plan view showing an essential portion of the
liquid crystal device to which this invention can be applied.

When viewed from above, the liquid crystal device has
scanning electrodes extending 1n a horizontal direction 51
and signal electrodes extending 1n a vertical direction 52.

FIG. 9A 1s a cross section taken along the line A—A' of
FIG. 8 and FIG. 9B 1s a cross section taken along the line
B-B' of FIG. 8.

Reference numeral 31 represents an upper polarizing
plate; 33 an upper retardation film; 311 an upper electrode
substrate 311; 53 a black matrix; 333 a color filter layer; 323
a planarizing film; 331 an upper electrode (scanning
clectrode); 321 an upper molecular alignment layer; 350 a
liquid crystal layer; 54 a spacer bead; 322 a lower molecular
alignment layer; 55 an electrode protective film; 332 a lower
clectrode 332 (signal electrode); 312 a lower electrode sub-
strate; 34 a lower retardation film; and 32 a lower polarizing
plate.

FIG. 10 1s a plan view showing the connection between a
printed circuit board, TCPs mounted with a drive LSI chip
and a liquid crystal umt of a liqud crystal display to which
this 1nvention can be applied.

As shown i FIG. 10, provided on the periphery of the
liquid crystal device 18 are signal electrode TCPs 14 and
scanning electrode TCPs 17 both for connection of the liquid
crystal device 18 to the printed circuit board 15.

The 1nvention has been described 1n connection with the
embodiments. It 1s noted, however, that the 1nvention 1s not
limited to these embodiments but that various modifications
may be made without departing from the gist of this mnven-
tion. For example, the above embodiments are applications
to the simple matrix liquad crystal display, the invention can
also be applied to an active matrix liquid crystal display that
employs thin-film transistors as switching devices. When the
invention 1s applied to the active matrix liquid crystal
display, the display electrodes of FIG. 1 are scanning signal
lines (1.e., gate signal lines or horizontal signal lines) or
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video signal lines (1.e., drain signal lines or vertical signal
lines) in the substrate where the switching devices are
installed.

FIGS. 11A and 11B are schematic plan views showing the
clectrode wirings on the upper and lower electrode sub-
strates ol the embodiments.

In the fourth embodiment shown in FIGS. 11A and 11B, a
part of the upper and lower electrodes, a part of their
terminals, leadout wirings connecting these (these will be
generally referred to as a terminal section), the dummy elec-
trodes 45 provided between the terminal groups and at least
a part of the dummy electrodes 46 provided between the
terminals—all these located outside the effective display
arca (which 1s formed of intersections of the upper elec-
trodes 331 and the lower electrodes 332 when viewed from a
direction perpendicular to the surface of the substrates 311,
312)—are replicated on the mutually facing surfaces of the
end portions of the mutually opposing substrates 311, 312.
The electrode patterns to be duplicated are the same so that
they are completely superposed when viewed from a direc-
tion perpendicular to the surface of the substrates of the
completed liquid crystal device.

The duplicated terminal section (opposing dummy elec-
trodes of the signal drive element electrodes) 1s formed on
the surface of the end portion of the upper electrode sub-
strate 311, and a part of the terminal section of the lower
clectrodes 332 on the surface, facing the upper electrode
substrate 311, of the end portion of the lower electrode sub-
strate 312 1s replicated 1n the same pattern using the same
material.

The duplicated terminal section (opposing dummy elec-
trodes of the scanning drive element electrodes) 1s formed on
the surface of the end portion of the lower electrode sub-
strate 312, and a part of the terminal section of the upper
clectrodes 331 on the surface, facing the lower electrode
substrate 312, of the end portion of the upper electrode sub-
strate 311 1s replicated in the same pattern using the same
material.

The duplicated terminal sections are electrically tloated in
order to prevent the liquid crystal between the duplicated
terminal sections 1 and the terminal sections facing the
duplicated terminal sections 1 from being turned on. Also
when dummy electrodes 46 oppose each other at the termi-
nal sections, the duplicated terminal sections are electrically
floated to prevent the liquid crystal between them from being
turned on. As a result, even when the dummy electrodes 46
are charged by static electricity, the electric charges are
released by high-resistance leakage through the liquid
crystal, preventing the liquid crystal from being Iit.

More specifically, a part of the pattern of the terminal
section of the upper electrodes 331 (the terminal section
including leadout wirings and dummy electrodes 45, 46) at
one end portion of the upper electrode substrate 311 1s cop-
ied and formed at the opposing end portion of the lower
clectrode substrate 312. Next, a part of the pattern of the
terminal section of the upper electrodes 331 at the other end
portion of the upper electrode substrate 311 1s similarly cop-
ied and formed at the opposing end portion of the lower
clectrode substrate 312. Next, a part of the pattern of the
terminal section of the lower electrodes 332 at one end por-
tion of the lower electrode substrate 312 1s copied and
formed at the opposing end portion of the upper electrode
substrate 311.

Next, a part of the pattern of the terminal section (through
not connected to the TCP terminals of the drive elements, the
section will be also referred to as a terminal section 1n this
invention) of the lower electrodes 332 at the other end por-
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tion of the lower electrode substrate 312 on the liquid crystal
seal-1n side 1s similarly copied and formed at the opposing
end portion of the upper electrode substrate 311. Thereafter,
the two electrode substrates 311, 312 are stacked and
assembled, and the opposing terminal sections of the same
pattern are completely superposed when viewed from a
direction perpendicular to the substrate surfaces. The dupli-
cated terminal sections, though superposed in the same pat-
tern of the terminal sections of the upper and lower elec-
trodes 331, 332, are electrically floating, so that application
of the drive voltage to the upper electrode 331 and lower
clectrode 332 does not result 1n abnormal lighting.

In other words, 1n a conventional liquid crystal device
having the stacked upper and lower electrode substrates 311,
312, although the display section has the electrodes 331, 332
on both substrates 311, 312, the terminal section has elec-
trodes on only one substrate. This means that the gap at the
terminal section 1s greater than the gap at the other section
by the thickness of the ITO film which 1s as thick as 0.2-0.3
um and which constitutes the upper and lower electrodes,
making the spacer free and making the gap control meffec-
tive. Particularly in a liquid crystal device such as an STN-
LCD that requires high-precision of the gap between the
upper and lower electrode substrates (0.1 um), the gap
variation at the peripheral portion or so-called a frame edge
portion—which 1s an unlighted area inside the sealant of the
fimshed liquid crystal device (on the side where liquid crys-
tal 1s iterposed) and outside the display section (lighted
area)—changes optical characteristics of the STN liquid
crystal, causing color variation 1n the display section. In the
liquid crystal device of this embodiment which has the upper
clectrode substrate 311 and the lower electrode substrate 312
stacked together, however, the same patterns of electrodes
are provided on both substrates at the terminal section as
well as at the display section. This allows the gap at the
terminal section to be equal to the gap at the display section,
thereby preventing color variation at display section due to
gap variation, and improving the display quality.

Further, because the layer structure of the unlit area 1s
made equal to that of the lit area to make the gap uniform
over the unlit and 11t areas, 1t 1s possible to prevent the raised
or recessed surface of areas where terminals exist and where
they do not from being transferred to the rubbing roller,
which performs the alignment treatment (rubbing) of the
molecular alignment layer formed on the electrodes. This in
turn prevents uneven rubbing streaks from being formed on
the molecular alignment layer and prevents the display qual-
ity from deteriorating. This construction also prevents tonal
variation due to nonuniform gap from being produced at the
frame edge portion which should be umiformly black. It 1s
therefore possible to make the frame edge portion uniformly
black and improve the display quality.

The terminal section 1n this invention may include the
terminals of the upper and lower electrodes 331, 332, the
leadout wirings connecting the upper and lower electrodes
331, 332 and their terminals, or the ends of the upper and
lower electrodes 331, 332. When the terminal section 1s not
connected to the drive elements, 1t may mean the ends of the
transparent electrodes.

FIG. 12A 1s a cross section taken along the line C—C' of
FIGS. 11A and 11B; and FIG. 13A 1s a cross section taken
along the line D-D'. FIG. 12B and FIG. 13B are cross sec-
tions of the corresponding portions 1n the conventional appa-
ratus for comparison with FIGS. 12A and 13B respectively.

In FIGS. 12 and 13, reference numeral 31 represents an
upper polarnizing plate, 33 a retardation film, 311 an upper
electrode substrate 53, a black matrix, 57 a color filter, 323 a
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planarizing film, 331 an upper electrode (scanning
clectrode), 321 an upper molecular alignment layer, 350 a
liquid crystal layer, 54 a spacer bead, 322 a lower molecular
alignment layer, 55 an electrode protective film 332 a lower
clectrode (s1gnal electrode), 312 a lower electrode substrate,
34 a lower retardation film, and 32 a lower polanzing plate.
In FIGS. 12B and 13B, numeral 70 denotes a conventional
spacer 1n the sealing section.

In a conventional color STN-LCD, the black matrix 53,
color filter 57, and the planarizing film 323 for improving
the planarity of their surfaces, all provided on one of the
substrates, are formed and fixed at the inside the sealant 36,
as shown in FIGS. 12B and 13B. The total thickness of the
black matrix 53, color filter 57 and planarizing film 323 1s as
large as about 4 um and the height difference of the sealing
portion 36, 1.¢., the gap between the two substrates 1s so large
that color vanation 1s caused in the display section men-
tioned above. In this conventional structure, the size of the
spherical or cylinder spacers for defimng the gap between
the substrates used 1n the sealing section 1s different from
that of spacers used in the display section (for example, the
spacer 70 1n the sealing portion 36 1s glass and about 11 um
in diameter, and the spacer 54 1n the display section 77 1s a
polymer bead of about 6.2 um 1n diameter). Hence, the gap
control has been difficult.

In this embodiment, however, as shown 1n FIGS. 12A and
13 A, the black matrix 33, color filter 57 and planarizing film
323 are formed 1n an area extending from the display section
77 to the region (sealing portion 79) where sealant 36 for
joimng the substrates together 1s formed, and to a portion
below the upper electrodes 331 at the end portion of the
upper electrode substrate 311. This makes the gap uniform
over an area ranging irom the display section 77 to the end of
the substrates 311, 312. Further, it 1s possible to use the
spacers 36 of the same diameter as the spacers 1n the sealant
36 of the display 10 section 77 and the sealing section 79,
facilitating the control of gap between the substrates. The
black matrix 53 and the color filter 57 each have the same
shape and structure from the display section 77 to the end
portion outside it. That 1s, the black matrix 33 1s an extension
of lattice and the color filter 57 1s an extension of stripe.
Because the black matrix 53 under the sealant 36 and the
upper electrodes 331 1s lattice-shaped and the color filter 57
1s stripe-shaped, they have a fine rough surface, improving
the adhesion of the planarizing film 323 and therefore the
reliability. In the conventional apparatus, because only the
planarizing film 1s extended outside, the planarizing film 1s
tormed on the flat substrate, resulting 1n a poor adhesion and
thereby causing the planarizing film to be easily separated.

Although 1n this embodiment the black matrix 53, color
filter 57, planarizing film 323 and upper electrodes 331 are
extended to the end of the upper electrode substrate 311
outside the sealant 36, 1t 1s also possible to extend the lower
molecular alignment layer 322 except for the sealing por-
tion. This 1s because the adhesion of the molecular align-
ment layer to the sealant 1s bad and separation easily occurs.
Further 1t 1s possible to provide only one of the black matrix
53, color filter 57 and planarizing film 323.

Though not shown, the color filter 57 1s cut off at a portion
where the aligning mark (denoted by 43 1n FIG. 4) 15 pro-
vided so that the aligning mark, which 1s used when TCP 1s
mounted and connected to the upper electrode 331 of the
upper electrode substrate 311 and to the lower electrode 332
of the lower electrode substrate 312, can be seen from per-
pendicularly above or below the substrates.

Next, the fifth embodiment of this invention i1s described

referring to FIGS. 14 A, 14B and 14C.
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FIG. 14 A 1s a cross section of ITO using a metal auxiliary
clectrode according to this mvention. FIGS. 14B and 14C
are shown for comparison with FIG. 14A. FIG. 14B 1s the
plan view of the metal auxiliary electrode and FIG. 14C 1s
the cross section of FIG. 14B.

Numeral 311 denotes an electrode substrate (this 1s true of
312, but 311 will be used as a representative 1n the following
description). Numeral 331 denotes a transparent electrode
made of ITO film (this 1s true of 332, but 331 will be used 1n
the following description). Reference number 56 represents
a metal auxiliary electrode made of, say, Cr film formed
under the transparent electrode 331.

The metal auxiliary electrode 56 shown i FIGS. 14B and
14C 1s formed of one layer of Cr film and located below the
center of the transparent electrode 331 made of ITO film 1n
such a way that it 1s parallel to and narrower 1n width than

the transparent electrode 331. The transparent electrode
made of ITO film 1s about 0.2 um thick and about 300 um
wide, and the metal auxiliary electrode 356 1s about 0.3 um

thick and about 20-30 um wide.

The metal auxiliary electrode 56 of such a structure
involves the following problems.

(1) Because the Cr resistance 1s high, the wiring resistance
can only be reduced by about 20%. When, for example, the
metal auxiliary electrode 56 made of Cr film about 0.3 um
thick and about 20 um wide 1s formed over the transparent
clectrode 331 made of ITO film with a film thickness of
about 0.2 um, a width of about 300 um and a sheet resistance
of about 10 €2/q, the apparent sheet resistance 1s reduced to
only about 8 £2/q.

(2) When the width of the metal auxiliary electrode 56
made of Cr film 1s increased to further reduce the wiring
resistance, the display opening factor of the liquid crystal
device 1s reduced darkening the screen. When the thickness
of the metal auxiliary electrode 56 of Cr film 1s greater than
0.3 um, cracks will develop 1n the Cr film, easily causing
wiring breakage. If wiring 1s broken, the metal auxiliary
clectrode no longer functions as a shunt (reduction of
resistance) and 1t 1s difficult to ensure uniformity of the gap
between the upper and lower electrode substrates.

(3) When a metal auxiliary electrode 56 having a thick-
ness of about 0.3 um and a width of about 20 um and made
of one layer of Al film 1nstead of Cr film 1s formed over the
transparent electrode 331, as shown 1n FIGS. 14B and 14C,
the apparent sheet resistance of the transparent electrode 331
of ITO film 1s reduced to 2 €2/q or one fifth. The Al film,
however, has a property of being easily oxidized and may be
corroded during the manufacture of the liquid crystal device
by the acid or alkali used.

With these problems taken into consideration, the metal
auxiliary electrode 56 of an embodiment of this invention
consists of three layers—a lower layer Cr film 356a, an Al
film 56b and an upper layer Cr film S6c—and 1s arranged at
the center of the transparent electrode between the electrode
substrate 311 and the transparent electrode 331 of ITO film
in such a way that the metal auxiliary electrode 56 1s parallel
to and narrower 1n width than the transparent electrode 331,
as shown 1n FIG. 14A. The transparent electrode 331 of ITO
f1lm 1s about 0.2 um thick and about 300 um wide; the upper
and lower Cr films 36a, 56¢ about 0.05 um thick; the Al film
56b about 0.3 um thick; and the metal auxiliary electrode 1
about 20 um wide.

With this construction, (1) Al is used for the main material
of the metal auxiliary electrode 56 of the embodiment 1, so
that the apparent sheet resistance can be educed to about 1-2
(2/q or about one {ifth to one tenth. This reduces the shadow-
ing to such an extent that 1t no longer can be observed by the
user, 1n other words, the display quality 1s improved.
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(2) Because the Al film 56b easily corroded by acid and
alkal1 1s covered with the transparent electrode 331 of ITO
film, the Al film 56b can be protected against corrosion by
acid and alkali used during the manufacture of the liqud
crystal device.

(3) Because the Cr films 56a, 56¢ are interposed between
the Al film 56b and the electrode substrate 311 made of glass
and between the Al film 56b and the transparent electrode
331 made of I'TO film, the adhesion of the Al film 56b to the
clectrode substrate 311 and to the transparent electrode 331
1s improved, thereby preventing separation of the metal aux-
liary electrode 56 and improving the electrical connectavil-
ity and reliability. The use of Ni film 1n place of Cr film
produces a similar etfect.

FIG. 15 and FIGS. 16A and 16B are a schematic plan
view showing an essential portion of the liquid crystal device
to which the embodiment of FIG. 14 A 1s applied, and sche-
matic cross sections of FIG. 15, respectively.

Reference number 31 denotes an upper polarizing plate,
33 a retardation film, 311 an upper electrode substrate, 53 a
black matrix, 57 a color filter, 323 a planarizing film, 331
upper electrodes (scanning electrodes), 321 an upper
molecular alignment layer, 350 a liquid crystal layer, 34 a
spacer bead, 322 a lower molecular alignment layer, 55 an
clectrode protective film, 332 lower electrodes (signal
clectrodes), 312 a lower electrode substrate, 34 a lower retar-
dation film, and 32 a lower polarizing plate. Numeral 56
denotes a metal auxiliary electrode formed between the
upper electrode substrate 311 and the upper electrodes 331;
and 56' a metal auxiliary electrode formed between the lower
clectrode substrate 312 and the lower electrodes 332. The
structures of the metal auxiliary electrodes 56, 56' are similar
to that shown 1n FIG. 14A.

FIG. 17 1s a partial schematic plan view of the electrode
substrate 311 showing the terminal section of the transparent
clectrodes 331 1n the liquid crystal device to which the above
embodiment 1s applied.

Reference numeral 41 represents terminals (connection
clectrodes, 1.e., mput terminals) connected to the TCP elec-
trodes (outer leads on the output side); 42 inclined linear
wirings that form part of the leadout wirings connecting the
display transparent electrodes 40 and the terminals 41; 45,
46 dummy electrodes; 100 a terminal section including the
terminals 41, leadout wirings, ends of the transparent elec-
trodes 40 and dummy electrodes 45, 46; 43 TCP aligning
marks used when mounting the TCP on the electrode sub-
strate 311; and 36 a portion where the sealant 1s provided.

The pitches of the parallel transparent electrodes 40 wired
over the electrode substrate 311 are larger than those of the
transparent electrode terminals 41 led out to the end portion
of the electrode substrate 311 and connected to the TCP.
Hence, to connect these it 1s necessary to provide leadout
wirings including the inclined linear wirings 42.

As shown m FIG. 17, this embodiment has the dummy
clectrodes 45 provided between the terminal groups, each
consisting of terminals connected with TCPs arranged 1n
line at the end portion of the electrode substrate. The dummy
clectrodes 45 are shaped as shown to occupy the space, that
1s, they consist of parallel electrodes 45a with equal pitches
and equal widths and inclined linear electrodes 45b. The
inclined electrodes 45b are provided between the inclined
linear wirings 42 of the outermost terminals 41-n of the adja-
cent terminal groups at the same angle and with the same
pitch as those of the inclined linear wirings 42. In this
embodiment, the dummy electrodes 45 are formed 1n ITO
film and electrically floating. As shown in FIG. 17, the metal
auxiliary electrodes 36 for reducing wiring resistance are
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provided between the transparent electrodes 331 and the
clectrode substrate 311; and also between the dummy elec-
trodes 45 and the electrode substrate 311 are provided metal
auxiliary electrodes 56" of the same construction as those of
the metal auxiliary electrodes 56.

A conventional liquid crystal display, in which there are
spaces between the terminal groups 41 connected to the
TCPs, has a drawback that the thick terminals 41 made of
ITO film as thick as 0.2—-0.3 um causes differences 1n height
between areas where terminals 41 are provided and where
they are not, and during the mass production of the liquid
crystal device the pattern of the height difference 1s trans-
terred to the rubbing roller that performs the alignment treat-
ment (rubbing) on the molecular alignment layer formed on
the display electrodes 40. Performing the alignment treat-
ment using this rubbing roller results 1n that rubbing streaks
are formed on the molecular alignment layer, degrading the
quality of display. In this embodiment, however, because the
spaces between the TCPs are occupied by the dummy elec-
trodes 45, the spaces are given the same surface roughness,
or rubbing conditions, as those on both sides and rubbing
streaks are not formed on the molecular alignment layer,
improving the display quality.

The provision of the dummy electrodes 435 1n the spaces
between the TCPs can eliminate the recessed portions about
0.2 um deep between the TCPs, making the gap between the
upper and lower substrates uniform. Hence, 1t 1s possible to
realize a uniform black unlighted area without tonal 1rregu-
larity 1n the so-called frame edge portion, which lies inside
the sealant 36 of the completed liquid crystal device (on the
side where liquid crystal 1s mterposed) and outside the dis-
play section (lighted area) where the electrodes on the upper
and lower electrode substrates cross. It 1s also possible to
control the gap between the substrates with high precision,
thus preventing color variation and improving the display
quality.

Further, as shown in FIG. 17, this embodiment has the
dummy electrodes 46 provided in the spaces between the
terminals 41 at the frame edge portion. The dummy elec-
trodes 46 are spaced at equal pitches, and the distances
between the dummy electrodes 46 and the terminals 41 on
both sides (distances on both sides) are equal to each other
and, 1n this embodiment, equal to the distances between the
adjacent, inclined linear wirings 42. The dummy electrodes
46 1n this embodiment are formed of ITO film and electr-
cally floating. Although this embodiment i1s not provided
with metal auxiliary electrodes with the construction similar
to that of the metal auxiliary electrodes 56 between the
dummy electrodes 46 and the electrode substrate, it 1s pos-
sible to provide the embodiment with them.

Because this embodiment has the dummy electrodes 46 1n
the spaces between the terminals 41 1n the area including the
frame edge portion, light can be prevented from leaking
from between the terminals 41 1n the frame edge portion.
Further, in this embodiment, the m-plane densities of the
terminals 41 and of the extended portions of the terminals
are uniform, so that the gap between the upper and lower
substrates are uniform over the entire area.

In the conventional liquid crystal display, because the
inclined linear wirings of the leadout wirings are radially
arranged, the intervals between the inclined linear wirings
decrease from the display transparent electrodes toward the
terminals, with the result that tonal variation 1s caused in the
frame edge portion which should be uniformly black. This
embodiment, however, 1s provided with the dummy elec-
trodes 45, 46 which make the gap 1n the frame edge portion
uniform, eliminating the above problem. In other words, the
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frame edge portion can be made uniformly black, contribut-
ing to the improvement of the display quality.

Further, the conventional liquid crystal device supports
the spacers by the display transparent electrodes and
inclined linear wirings, both formed of ITO film as thick as 5
0.2-0.3 um on the upper and lower electrode substrates, the
spacers 1n areas where there are no electrodes are free, mak-
ing the gap control ineflective. Further, because the
conventional, radially arranged, inclined linear wirings are
not uniform 1n the wiring density, gap variation 1s caused in 10
the frame edge portion, which 1n turn causes color variation.
Particularly in STN-LCDs that require a high-precision gap
(£0.1 um) between the electrode substrates, the gap preci-
sion 1s greatly affected by the effective wiring density 1n
arcas where there are spacers that are used to define the 15
high-precision gap.

In this embodiment, the provision of the dummy elec-
trodes 45, 46 makes the gap 1n the frame edge portion
uniform, which in turn solves the above-mentioned problem,
climinating the color varnation due to gap variation i1n the 20
frame edge portion and improving the display quality.

While 1n this embodiment the dummy electrodes 46 are
clectrically floated, they may be connected at a point through
a connecting portion of the mimmum pattern so that the
wiring resistances of the leadout wirings are equal to those 25
of other leadout wirings.

FIG. 18 1s an exploded perspective view showing the 1ig-
uid crystal display module 1 produced by assembling into a
compact body a liquid crystal device 18, a drive circuit for
driving this liquid crystal device 18, and a light source. 30

The TCPs 14, 17 carrying the semiconductor IC chip for
driving the liquid crystal device 18 are mounted on a printed
circuit board 15, which has a window at the center for
accommodating the liquid crystal device 18 and on which a
circuit for driving liquid crystal 1s formed. The printed cir- 35
cuit board 135 to which the liquid crystal device 18 1s fitted 1s
installed in a window section of the plastic molded frame
body 16, which 1s stacked on a lower metal frame 11. By
bending claws into notches made 1n an upper metal frame
10, the lower metal frame 11 1s secured to the upper metal 40
frame 10.

A light guide 24 of acrylic plate for uniformly 1lluminat-
ing the liquid crystal device 18 with light from cold-cathode
fluorescent lamps 20 arranged at the upper and lower ends of
the liquid crystal device 18 1s fitted into the window section 45
of the frame body 16. An inverter power supply circuit (not
shown) for operating the cold-cathode fluorescent lamps 20
1s 1nstalled 1n a recess provided 1n the right-hand back of the
frame body 16.

FI1G. 20 1s a perspective view of the liquid crystal device 50
18.

In FIG. 20, to align the liquid crystal molecules 1n the
liquid crystal layer 350 held between the upper and lower
clectrode substrates 311, 312 so that the liquid crystal mol-
ecules are twisted into a helical structure, it 1s a general 55
practice to use the so-called rubbing method of rubbing in
one direction with cloth the molecular alignment layers 321,
322 made of organic high polymer resin, such as polyimide,
which are in contact with liquid crystal and placed on the
transparent upper and lower electrode substrates 311, 312 60
made of, for example, glass. The directions in which the
molecular alignment layers are rubbed, 1.e., the rubbing
direction 6 of the upper electrode substrate 311 and the rub-
bing direction 7 of the lower electrode substrate 312 are the
directions 1n which the liquid crystal molecules are aligned. 65
The upper and lower electrode substrates 311, 312 that have
undergone the above alignment treatment are made to
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oppose each other with a gap d1 therebetween so that their
rubbing directions 6, 7 cross at an angle ranging from 180
degrees to 360 degrees. These two electrode substrates 311,
312 are then joined together with the sealant 36 which has a
liquiad crystal filling opening 351, a notch for sealing 1n l1g-
uid crystal. And nematic liquid crystal, which has a positive
dielectric anmisotropy and which contains a specified amount
of rotary-polarizing substance, 1s sealed in. The liquid crys-
tal molecules between the electrode substrates are aligned
into a helical structure with a twist angle 0 shown 1n the
figure.

Numerals 331, 332 denote transparent upper and lower
clectrodes made of imndium oxide or ITO (the lower elec-
trodes 331 correspond to 40-1 to 40-8 of FIG. 1). Arranged
on the upper electrode substrate 311 of the liquid crystal
device and under the lower electrode substrate 312 of the
same are members 33, 34 that produce birefringent effects
(referred to as birefringent members; Fujimura, et al.,
“Retardation Film for STN-LCD,” Zasshi Denshi Zairyo,
February 1ssue, 1991, pp. 37-41). Upper and lower polariz-
ing plates 31, 32 are mounted on these members 33, 34 to
hold these members and the liquid crystal device 18 between
them.

The twist angle 0 of the liquid crystal molecules 1n the
liquid crystal layer 350 can lie 1n a range of 180 to 360
degrees and pretferably 200 to 300 degrees. From the practi-
cal standpoint of avoiding alignment in which light 1s dis-
persed 1n the ON state near the threshold value of a transmis-
sion factor-applied voltage curve and of maintaining an
excellent time-division characteristic, 1t 1s more preferable
that the twist angle range 1s 230-270 degrees. Under the
condition, basically, the response of the liquid crystal mol-
ecules to the applied voltage 1s more sensitive and an excel-
lent time-division characteristic 1s realized.

Further, to achueve an improved display quality, 1t 1s prei-
erable that the product Anl-d1 of the refraction index anisot-
ropy Anl of the liquid crystal layer 350 and 1ts thickness d1
1s 1n the range of 0.5-1.0 um, and more preferably 0.6-0.9
L.

The birefringent members 33, 34 function to modulate the
polarized state of light passing through the liquid crystal
device 18 and to convert mto a black/white display the
monochromatic display. Only the monochromatic display
has been achieved by only the liquid crystal device 18.

For this reason, the products An2-d2, An3-d3 of the refrac-
tion index anisotropies An2, An3 of the birefringent mem-
bers 33, 34 and their thicknesses d2, d3, are very important.
Their sum An2-d2+An3-d3 1s preferably in the range of
0.4—-1.0 um, and more preferably 0.6-0.9 um and it 1s 1mpor-
tant to make its difference from Anl-d1 of liquid crystal be
less than 0.1 pum.

Furthermore, because the liquid crystal device 18 utilizes
clliptical polarization due to birefringence, the relationship
1s very important among the polarization axes or absorption
axes of the polarizing plates 31, 32, the optical axes of
umaxial transparent birefringence plates when they are used
as the birelfringent members 33, 34, and the liquid crystal
alignment directions 6, 7 of the electrode substrates 311, 312
of the liquid crystal device 18.

FIG. 19 shows the relation between the axes of the polar-
1zing plates, the optical axes of the uniaxial, transparent bire-
fringent members, and the liqud crystal alignment direc-
tions of the electrode substrates of the liquid crystal device.

In FIG. 19, numeral 60 denotes the optical axis of the
umaxial, transparent birefringent member 33; 6 the liquid
crystal alignment directions of the birefringent member 33
and the upper electrode substrate 311 adjoiming 1t; 61 the
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optical axis of the uniaxial, transparent birefringent member
34; 7 the liquid crystal alignment direction of the lower elec-
trode substrate 312; 8 the absorption axis or polarization axis
of the upper polarizing plate 31; and 9 the absorption axis or
polarization axis of the lower polarizing plate 32.

The angle @ 1s an angle formed by the liquid crystal align-
ment direction 6 of the upper electrode substrate 311 and the
optical axis 60 of the uniaxial, transparent complex reirac-
tive member 33. The angle p 1s an angle formed by the
absorption axis or polarization axis 8 of the upper polarizing
plate 31 and the liquid crystal alignment direction 6 of the
upper electrode substrate 311. The angle v 1s an angle
formed by the absorption axis or polarization axis 9 of the
lower polarizing plate 32 and the liquid crystal alignment
direction 7 of the lower electrode substrate 312. The angle o
1s an angle formed by the liquid crystal alignment direction 7
of the lower electrode substrate 312 and the optical axis 61
of the uniaxial, transparent complex bifringent member 34.

Here, the method of measuring these angles a, {3, v, 0 will
be defined.

Referring to FIGS. 24 A and 24B, the angle of intersection
between the optical axis 60 of the birefringent member 33
and the liquid crystal alignment direction 6 of the upper
clectrode substrate 311 1s taken as an example.

The angle of intersection between the optical axis 60 and
the liquid crystal alignment direction 6 can be expressed by
1 and 2, as shown m FIGS. 24A and 24B. Whichever
angle 1s smaller, Y1 or12, will be used here.

That 1s, 1n FIG. 24 A, because Y1<p2, 1 1s taken as the
angle of intersection between the optical axis 60 and the
liquid crystal alignment direction 6. In FIG. 24B, because
Pl>1P2, P2 1s taken as the angle of intersection between the
optical axis 60 and the liquid crystal alignment direction 6.
When 1 1=12, either can be used.

In this kind of liquid crystal display, the angles o, {3, v, O
are very important. The angle a 1s preferably in the range of
20-60 degrees, and more preferably 30-50 degrees, the
angle p 1s preferably 1n the range of 0—40 degrees, and more
preferably 10-30 degrees, the angle v 1s preferably in the
range ol 0—40 degrees, and more preferably around 10-30
degrees, and the angle 0 1s preferably 1n the range of 60-90
degrees, and more preferably around 80 degrees.

As long as the twist angle 0 of the liquid crystal layer 350
of the liquid crystal device 1s within the range between 180
degrees and 360 degrees, the angles o, {3, vy only need to be 1n
the above ranges whether the twist direction 310 1s clock-
wise or counterclockwise.

Next, referring to FI1G. 21, other details are described. The
basic configuration 1s similar to those shown 1n FIGS. 19 and
20.

In FIG. 21, the twist angle 0 of the liquid crystal mol-
ecules 1s 240 degrees and a unmiaxially drawn high polymer
resin film was used for the uniaxial, transparent birefringent
members 33, 34.

The ratio d/p of the helical pitch p (um) of the hiquid
crystal material containing a rotary-polarizing substance to
the thickness d1 (um) of the liquid crystal layer was about
0.54. The molecular alignment layers 321, 322 used were
formed of polyimide resin film and subjected to rubbing.
The pretilt angle, at which the molecular alignment layers
that have undergone the rubbing caused the liquid crystal
molecules 1n contact with the molecular alignment layers to
tilt with respect to the substrate surface, 1s about 4-6
degrees. The sum An2-d2+An3-d3 of retardations of the
uniaxial, transparent birelringent materials 33, 34, was about
0.870 um. On the other hand, Anl1-d1 of the liquid crystal
layer 350 whose liquid crystal molecules are twisted 240
degrees 1s about 0.865 um.
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FIG. 22 1s a graph showing how the contrast changes as
the angle o in the structure of FIG. 19 1s varied when the
liquad crystal display 1s the time-division driven at a 1/240
duty ratio. The contrast 1s very high when the angle a 1s
close to 40 degrees and lowers as the angle deviates from
this value. As the angle a becomes smaller, both the it area
and unlit area becomes bluish. When the angle o becomes
large, the unlit area turns purple and the it area turns yellow,
making the black/white display impossible. The almost
similar results are obtained also with the angle p and v. In the
case of the angle o, when it rotates about £20 degrees from
80 degrees, the black/white display 1s iverted, as described
carlier.

Next, referring to FI1G. 23, other details are explained. The
basic configuration 1s similar to the above case, except that
the twist angle of the liquid crystal molecules 1n the liquid
crystal layer 350 1s 260 degrees, Anl-d1 1s about 0.7-0.8 um,
and the device 1s normally open. The sum of retardations of
the umaxially drawn resin films used as the umaxial, trans-
parent birefringent materials 33, 34 1s about 0.7 um, smaller
than that of FIG. 19. It 1s important that the retardation of
liquid crystal and the retardation of retardation film (sum of
33 and 34) be less than 1 um.

In this configuration, by determiming the angle o to be
about 40 degrees, the angle 3 to be about 70 degrees, the
angle v to be about 50 degrees and the angle 6 to be about 80
degrees, the black/white display similar to the above was
able to be realized although 1t was 1nverted.

Next, the construction of the scanning electrode substrate
311 will be described referring to the perspective view of
FIG. 25.

The basic structure 1s similar to that shown 1n FIG. 9A. As
shown 1n FIG. 25, by providing red, green and blue color
filters R, G, B on the upper electrode substrate 311 and a
light shielding film 53 between the filters, a multi-color dis-
play 1s obtained.

Though not shown, the signal electrodes 332 are divided
into upper signal electrodes and lower signal electrodes to
divide the lower electrode substrate 312 into upper and lower
screens and drive them separately.

FIG. 26 1s a block diagram of the liquid crystal display 1
of this invention when 1t 1s used 1n the display section of a
notebook or laptop personal computer.

In the figure, the result of calculation performed by a
microprocessor 349 1s fed through a control LSI 348 to the
drive 1Cs 334, which drive the liquid crystal device 18.

FIG. 27 shows the liquid crystal device 18 mounted in a

laptop personal computer 360.
As shown in FIG. 30, display electrodes 40-1 to 40-§ are

formed on the surface of an electrode substrate and

arranged in parallel to one another and terminal electrodes
41-1 to 41-8 which are in parallel to one another are
arranged with diffevent pitches from pitches of the display
electrodes. As described above, when the invention is
applied to the active matrix liquid crystal display, the dis-
play electrodes 40-1 to 40-8 are scanning signal lines (i.e.,
gate signal lines or horizontal signal lines) or video signal
lines (i.e., drain signal lines or vertical signal lines) in the
substrate where switching devices are installed. A plurality
of leadout wirings arve connected between the parallel dis-
play electrodes, scanning signal lines ov video signal lines
40-1 to 40-8 and the parallel terminal electrodes 41-1 to
41-8. The leadout wirings include a first portion 40a-1 to
40a-8 which are substantially parallel to the members 40-1
to 40-8 representative of display electrodes, video signal
lines or scanning signal lines, second portions 41a-1 to
41a-8 which are substantially parallel to the terminal elec-
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trodes 41-1 to 41-8, and inclined linear wiring electrodes
42-1 to 42-8 which connect the first portions 40a-1 to 40a-8
and the second portions 41a-1 to 41a-8. As shown in FIG.
30, at least substantial portions of at least a majority of the
inclined linear wiring electrodes are substantially parallel
to substantial portion of an adjacent one of the inclined
linear wiring electrodes.

As described above, this mvention can provide a liquid
crystal display which has short and low-resistance leadout
wirings whose area utilization factor 1s high. The liquid crys-
tal display of this mvention 1s also characterized in that the
display section 1s free from uneven rubbing streaks, the
frame edge portion 1s free from tonal variation and has a
uniformly black unlit area, the gap between the upper and
lower electrode substrates can be controlled precisely, and
the liguid crystal display 1s free from color variation.

Because the area utilization factor (wiring efficiency) of
the leadout wirings can be improved by forming the wirings
as mentioned above, the lengths of the leadout wirings can
be shortened, thus reducing the wiring resistance about
30-40% from conventional values of 500-1000£2. The wir-
ing resistance reduction can be contribute to the margin of
the ON resistances of the drive semiconductor ICs and this

in turn allows the dimension of the semiconductor IC chips
to be reduced. Further, because the readout wirings can be
shorter than conventional ones, it 1s possible to reduce the
dimensions of the liquid crystal device. As a result, the
manufacturing cost 1s reduced. Furthermore, reduction in the
wiring resistance can reduce distortion 1 liquid crystal drive
wavelorms and crosstalk, which 1n turn reduces shadowing,
(uneven brightness), thereby improving the display quality.

Further, the first dummy electrodes are provided 1n a wide
space between the terminal groups connected to TCPs
arranged 1n line at the end portion of the electrode substrate.
This arrangement prevents uneven pattern due to height dii-
ference between the areas where terminals exist and where
they do not from being transferred to the rubbing roller,
which performs alignment treatment (rubbing) of the
molecular alignment layers formed over the display elec-
trodes. This 1n turn prevents rubbing streaks from being
formed on the molecular alignment layers and therefore the
display quality from deteriorating. Furthermore, because the
first dummy electrodes eliminate recesses between the
TCPs, the gap between the upper and lower substrates can be
made uniform.

The second dummy electrodes are provided in spaces
between the terminals and this prevents light from leaking
from between the terminals i1n the frame edge portion.
Further, because the in-plane wiring densities of the area
where the terminals are provided and the area where the
extended terminals are provided are equal to each other, the
gap between the upper and lower substrates 1s uniform. It 1s
also possible to eliminate tonal variation due to uneven wir-
ing density of the conventional, radially arranged inclined
linear wirings at the frame edge portion, making the frame
edge portion uniformly black, the frame edge portion being
intended to be uniformly black. As a result, the display qual-
ity 1s enhanced.

Moreover, because the first and second dummy electrodes
make the gap at the frame edge portion umiform, such prob-
lems as color variation caused by gap variation in the frame
edge portion 1s eliminated, improving the display quality.

We claim:

1. A liquid crystal display suitable for high-quality display
comprising;

a pair ol liquid crystal device substrates so arranged as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and
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a plurality of liquid crystal drive elements connected to
wirings on the liquid crystal device substrate and pro-
vided to drive the liquid crystal;

wherein the liqud crystal device substrates are provided
with:

a plurality of parallel display electrodes;

a plurality of parallel terminal electrodes led out to the end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive elements, and arranged
at pitches smaller than those of the display electrodes
parallelly to the display electrodes; and

a plurality of wirings including almost mutually parallell,]
inclined linear wiring electrodes for connecting the dis-
play electrodes and the terminal electrodes; and

wherein the lengths of the terminal electrodes and the widths
of the inclined linear wiring electrodes are adjusted so that
cach resistances of each set of the terminal electrodes and
[cach set of] the inclined linear wiring electrodes are sub-
stantially equal.

2. A ligud crystal display according to claim 1, wherein
the liquid crystal device substrates further include a plurality
of first dummy electrodes disposed parallelly to the terminal
clectrodes between the terminal electrodes 1n at least a cen-
tral portion of liquid crystal drive circuits.

3. A ligud crystal display according to claim 2, wherein
the liquid crystal device substrates further include a partial
short-circuiting portion for electrically connecting the first
dummy electrodes to the terminal electrodes.

4. A liquid crystal display according to one of claims 1 to
3, wherein the intervals between two terminal electrode
groups connected to at least the two liquid crystal drive cir-
cuits are greater than the intervals between the individual
terminal electrodes 1n the terminal electrode groups, and the
wirings provided on the liquid crystal device substrates fur-
ther include second dummy electrodes arranged between the
terminal electrode groups.

5. A liquid crystal display according to one of claims 2
and 3, wherein, 1n the area outside the display area of a first
liquid crystal device substrate with scanning electrodes, out
of the liquid crystal device substrates, third dummy wirings
having the same shapes as that of a second liqud crystal
device substrate with signal electrodes are provided, and 1n
the area outside the display area of the second liquid crystal
device substrate fourth dummy wirings having the same
shapes as that of the first liguid crystal device substrates.

6. A liquid crystal display according to claim 1, wherein
metal auxiliary electrodes, whose widths are narrower than
at least those of the wirings on the liquid crystal device
substrates, are provided on the surfaces of the liquid crystal
device substrates opposite to a liquid crystal layer.

7. A liquid crystal display according to claim 6, wherein
the metal auxiliary electrodes have a multilayer structure in
which an aluminum film 1s held between chromium films.

8. A liquid crystal display according to one of claims 6 to
7, wherein the wirings including the metal auxiliary elec-
trodes are provided on only the first liquid crystal device
substrate having the scanning electrodes.

9. A liquid crystal display according to claim 4, wherein
the second dummy electrodes are spaced at specified inter-
vals so that they do not overlap with an aligning mark for
precise connection between terminals of the liquid crystal
drive elements and the terminal electrodes on the liquid crys-
tal device substrates.

10. A liquid crystal display suitable for high-quality dis-
play comprising:

a pair of liqud crystal device substrates so arranged as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and




US RE41,324 E

25

a plurality of liquid crystal drive elements connected to
wirings on the liquid crystal device substrates and pro-
vided to drive the liquid crystal;

wherein the liquid crystal device substrates are provided
with:

a plurality of parallel display electrodes;

a plurality of parallel terminal electrodes led out to the end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive elements, and arranged
at the terminal electrodes pitches smaller than those of
the display electrodes parallelly to the display elec-
trodes;

a plurality of wirings including almost mutually parallell.]
inclined linear wiring electrodes for connecting the dis-
play electrodes and the terminal electrodes; and

a color filter formed on one of the liquid crystal device
substrates from a display area to the end portion of the
liguid crystal device substrates; and

wherein the lengths of the terminal electrodes and the widths

of the inclined linear wiring electrodes are [so] adjusted so
that each resistances of each set of the terminal electrodes

and [each set of] the inclined linear wiring electrodes are
substantially equal to each other.

11. A liquid crystal display according to claim 10,
wherein the liquid crystal device substrates further include a
plurality of first dummy electrodes disposed parallelly to the
terminal electrodes between the terminal electrodes 1n at
least a central portion of liquid crystal drive circuits.

12. A liquid crystal display according to claim 11,

wherein the liquid crystal device substrates further include a
partial short-circuiting portion for electrically connecting
the first dummy electrodes to the terminal electrodes.

13. A liquid crystal display according to one of claims 10
to 12, wherein the intervals between two terminal electrode
groups connected to at least the two liqud crystal drive cir-
cuits are greater than the intervals between the individual
terminal electrodes 1n the terminal electrode groups, and the
wirings provided on the liquid crystal device substrates fur-
ther include second dummy electrodes arranged between the
terminal electrode groups.

14. A liquid crystal display according to one of claims 11
and 12, wherein, 1n the area outside the display area of a first
liquid crystal device substrate with scanning electrodes, out
of the liquid crystal device substrates, third dummy wirings
having the same shapes as that of a second liquid crystal
device substrate with signal electrodes are provided, and 1n
the area outside the display area of the second liquid crystal
device substrate fourth dummy wirings having the same
shapes as that of the first liquid crystal device substrates.

15. A liquid crystal display according to claim 10,
wherein metal auxiliary electrodes, whose widths are nar-
rower than at least those of the wirings on the liquid crystal
device substrates, are provided on the surfaces of the liquid
crystal device substrates opposite to a liquid crystal layer.

16. A liquid crystal display according to claim 135,
wherein the metal auxiliary electrodes have a multilayer
structure 1n which an aluminum film 1s held between chro-
mium films.

17. A liquid crystal display according to one of claims 15
to 16, wherein the wirings including the metal auxiliary elec-
trodes are provided on only the first liquid crystal device
substrate having the scanning electrodes.

18. A liquid crystal display according to claim 13,
wherein the second dummy electrodes are spaced at speci-
fied intervals so that they do not overlap with an aligning
mark for precise connection between terminals of the liquid
crystal drive elements and the terminal electrodes on the
liquid crystal device substrates.

10

15

20

25

30

35

40

45

50

55

60

65

26

19. A liguad crystal display having plural tape carrier
packages comprising:
a pair of substrates so arranged as to be opposite to each
other;

a liquid crystal layer interposed between said pair of sub-
strates and a sealant to join said pair of substrates
together; and

a plurality of tape carrier packages each having a drive
circuit connected to terminal electrodes on the sub-

strates; and
wherein one of said substrates includes:

first and second display electrodes disposed inside said
sealant 1n parallel with each other, each display elec-
trode having a first width W(, - ,);

first and second terminal electrodes disposed so as to
extend from 1nside to outside of said sealant in parallel
with each other, each terminal electrode having a sec-
ond width (W ) and arranged at pitches smaller than
those of the display electrodes parallelly to the display
electrodes; and

first and second inclined electrodes for connecting each of
the first and second display electrodes to each of the
first and second terminal electrodes, the first inclined
electrode having a third width (W, _,) and the second
inclined electrode having a fourth width (W, ), the first
inclined electrode being adjacent to said second
inclined electrode:
wherein a first set of the first terminal electrode, the first
display electrode and the first inclined electrode has a rela-
tionship with a second set of the second terminal electrode,
the second display electrode and the second inclined elec-
trode 1n accordance with the following formula:
Mp-—1 Pn
WLCD

Cn-1)

n pn— 1
WLCD

M
— +

WTCP Wn—1 Wh

wherein

1)m, _, 1s a length between a first middle point and a third
middle point, the first middle point being between each
crossing point of outlines of the first inclined electrode
and the first terminal electrode at the terminal electrode
side and the third middle point being between each
crossing point of outlines of the first inclined electrode
and the first display electrode at the display electrode
s1de,

2) m, 1s a length between a second middle point and a
fourth middle point, said second middle point being
between each crossing point of outlines of the second
inclined electrode and the second terminal electrode at
the terminal electrode side and the fourth middle point
being between each crossing point of outlines of the
second inclined electrode and the second display elec-
trode at the display electrode side,

3) P,_, 1s a length between the third middle point and a
predetermined line which i1s parallel to an adjacent
edge-line of the substrates 1n a perpendicular direction
of the predetermined line,

4) P 1s a length between the fourth middle point and the
predetermined line 1n a perpendicular direction of the
predetermined line, and

S)e(,_,)1s a length between the first middle point and the
second middle point 1n a parallel direction of the out-
lines of the first and second inclined electrode.

20. A liqud crystal display according to claim 19,

wherein the substrates further include a plurality of first




US RE41,324 E

27

dummy electrodes disposed parallelly to the terminal elec-
trodes between the terminal electrodes 1n at least a central
portion of liquid crystal drive circuits.

21. A liquid crystal display according to claim 19,
wherein the substrates further include a partial short-
circuiting portion for electrically connecting the first dummy
clectrode to the terminal electrode.

22. A liquid crystal display according to claim 19,
wherein the intervals between two terminal electrode groups
connected to the at least two drive circuits are greater than
the itervals between the individual terminal electrodes in
the terminal electrode groups, and the substrates further
include dummy electrodes arranged between the terminal
clectrode groups.

23. A liquid crystal display according to claim 19,
wherein, 1n the area outside the display area of the first sub-
strate with scanning electrodes, first dummy electrodes hav-
ing the same shapes as that of the second substrate with
signal electrodes are provided, and 1n the area outside the
display area of the second substrate, second dummy elec-
trodes having the same shapes as that of the first substrate are
provided.

24. A liquid crystal display according to claim 19,
wherein the predetermined line 1s an extended line of outline
of the first display electrode 1n parallel with the adjacent
edge ol substrates when the first display electrode 1s dis-
posed at the most center position of the display electrode
group electrically connected to one of the drive circuits.

25. A liquid crystal display according to claim 1, wherein
at least substantial portions of at least a majority of the
inclined linear wiring electrodes of the plurality of wirings
are substantially parallel to substantial portions of an adja-
cent one of the inclined wiring electrodes at least in an area
of the liquid crystal side of the sealant.

26. A liguid crystal display according to claim 10,

wherein at least substantial portions of at least a majority of

the inclined linear wiring electrodes of the plurality of wir-
ings ave substantially parallel to substantial portions of an
adjacent one of the inclined wiring electrodes at least in an
area of the liquid crystal side of the sealant.

27. A liquid crystal display suitable for high-quality dis-
play comprising:

a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween and;

at least one liqguid crystal drive element for driving the
liguid crystal;

wherein the liqguid crystal display device substrates com-
prise.

a plurality of parallel display electrodes;

a plurality of parallel tevminal electrodes led out to an
end portion of the liguid crystal device substrates, con-
nected to the liquid crystal drive element, and having
different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes, including fivst
portions being substantially parallel to the display
electrodes, second portions being substantially parallel
to the terminal electrodes and inclined linear wiring
electrodes for connecting the first and second portions;
and

whevrein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to an substantial portions of adjacent one
of the inclined wiring electrodes; and
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wherein lengths of at least one of first and second portions
and widths of the inclined linear wiring electrodes vary.
28. A liguid crystal display according to claim 27,
wherein the pitches of the terminal electrodes arve smaller
than the pitches of display electrodes.
29. A liguid crystal display suitable for high-quality dis-
play comprising.
a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liguid crystal device substrates comprise.

a plurality of parallel scanning signal lines;

a plurality of switching devices;

a plurality of parallel terminal electrodes led out to an
end portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the scanning signal
lines; and

a plurality of leadout wirings for connecting the scanning
signal lines and the tevminal electrodes, including first
portions being substantially parallel to the scanning
signal lines, second portions being substantially paral-
lel to the terminal electrodes and inclined linear wirving
electrodes for connecting the first and second portions;
and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes; and

wherein lengths of at least one of first and second portions
and widths of the inclined linear wiring electrodes vary.
30. A liguid crystal display suitable for high-quality dis-
play comprising:
a pair of liquid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed thervebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel video signal lines;

a plurality of switching devices;

a plurality of terminal electrodes led out to an end portion
of the liquid crystal device substrates, connected to the

liguid crystal drive element, and having different
pitches from pitches of the video signal lines; and

a plurality of leadout wirings for comnnecting the video
signal lines and the terminal electrodes, including first
portions being substantially parallel to the video signal
lines, second portions being substantially parallel to
the terminal electrodes and inclined linear wiring elec-
trodes for connecting the first and second portions; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes; and

wherein lengths of at least one of the first and second
portions and widths of the inclined linear wiring elec-
trodes vary.
31. A liquid crystal display according to one of claims 27,
29 and 30, wherein resistances of each lead out wirings are
substantially equal to each other.
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32. A liquid crystal display suitable for high-quality dis-
play comprising:
a pair of liguid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liqguid crystal drive element for driving the
liguid crystal;

whevrein the liqguid crystal device substrates comprise.

a plurality of parallel display electrodes;

a plurality of parallel tevminal electrodes led out to an
end portion of the liguid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes, including
inclined linear wirving electrodes which are not parallel
to the display electrodes; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.

33. A liguid crystal display suitable for high-gquality dis-

play comprising:

a pair of liguid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

whevrein the liqguid crystal device substrate comprise:

a plurality of parallel scanning signal lines,

a plurality of switching devices;

a plurality of parallel terminal electrodes led out to an
end portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the scanning signal
lines; and

a plurality of leadout wirings for connecting the scanning
signal lines and the terminal electrodes, including
inclined linear wiring electrodes which are not parallel
to the scanning signal lines; and

whevrein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.

34. A liguid crystal display suitable for high-guality dis-

play comprising:

a pair of liguid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed thervebetween; and

at least one liqguid crystal drive element for driving the
liguid crystal;
whevrein the liqguid crystal device substrates comprise.

a plurality of parallel video signal lines;

a plurality of switching devices;

a plurality of parallel terminal electrodes led out to an
end portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the video signal lines;
and

a plurality of leadout wirings for connecting the video
signal lines and the terminal electrodes, including
inclined linear wiring electrodes which are not parallel
to the video signal lines; and
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wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.

35. A liguid crystal display suitable for high-quality dis-

play comprising.

a pair of liquid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liquid crystal drive element for driving the
liquid crystal;

wherein the liquid crystal device substrates comprise:
a plurality of parallel display electrodes;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having
different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes; and

wherein the leadout wirings comnnected to the terminal
electrodes positioned at least an outer portion have
inclined linear wiring electrodes which are not parallel
to the display electrode; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.

36. A liguid crystal display suitable for high-quality dis-

play comprising:

a pair of liquid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed thervebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel scanning signal lines;

a plurality of switching devices;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end
portion of the liquid crystal device substrates, con-
nected to the liguid crystal drive element, and having

different pitches from pitches of the scanning signal
lines; and

a plurality of leadout wirings for connecting the scanning
signal lines and the tevminal electrodes; and

wherein the leadout wirings connected to the terminal
electrodes positioned at least an outer portion have
inclined linear wiving electrodes which are not parallel
to the scanning signal lines; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.
37. A liguid crystal display suitable for high-quality dis-
play comprising.
a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liguid crystal drive element for driving the
liquid crystal;

wherein the liquid crystal device substrates comprise:
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a plurality of parallel video signal lines;

a plurality of switching devices;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the video signal lines;
and

a plurality of leadout wirings for connecting the video
signal lines and the tevminal electrodes; and

wherein the leadout wivings connected to the terminal
electrodes positioned at least an outer portion have
inclined linear wiring electrodes which are not parallel
to the video signal lines; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes.

38. A liquid crystal display according to one of claims 35
to 37, wherein the pitches of the inclined linear wiring elec-
trodes are substantially equal to each other.

39. A liquid crystal display accorvding to one of claims 35
to 37, wherein the leadout wirings have portions which are

parallel to the terminal electrodes, and wherein lengths of

the portions vary.

40. A liguid crystal display suitable for high-quality dis-
play comprising:

a pair of liguid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed thervebetween; and

at least one liqguid crystal drive element for driving the
liguid crystal;

wherein the liqguid crystal display device substrates com-
prise.

a plurality of parallel display electrodes;

a plurality of parallel tevminal electrodes led out to an
end portion of the liguid crystal device substrates, con-
nected to the liquid crystal drive element, and having
different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes, including first
portions being substantially parallel to the display
electrodes, second portions being substantially parallel
to the terminal electrodes and inclined linear wiring
electrodes for connecting the first and second portions;
and

whevrein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one

of the inclined wiring electrodes at least in an area of

the liguid crystal side of the sealant; and

whevrein lengths of at least one of first and second portions
and widths of the inclined linear wiring electrodes vary.
41. A liguid crystal display according to claim 40,
wherein the pitches of the terminal electrodes ave smaller
than the pitches of display electrodes.
42. A liguid crystal display suitable for high-quality dis-
play comprising:
a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed thervebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;
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wherein the liguid crystal device substrates comprise.

a plurality of parallel scanning signal lines;

a plurality of switching devices;

a plurality of parallel terminal electrodes led out to an
end portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the scanning signal
lines; and

a plurality of leadout wirings for connecting the scanning
signal lines and the terminal electrodes, including first
portions being substantially parallel to the scanning
signal lines, second portions being substantially paral-
lel to the terminal electrodes and inclined linear wirving
electrodes for connecting the first and second portions;
and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes at least in an area of
the liquid crystal side of the sealant; and

wherein lengths of at least one of first and second portions

and widths of the inclined linear wiring electrodes vary.

43. A liguid crystal display suitable for high-quality dis-
play comprising.

a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel video signal lines;

a plurality of switching devices;

a plurality of parallel terminal electrodes led out to an
end portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the video signal lines;
and

a plurality of leadout wirings for comnnecting the video
signal lines and the terminal electrodes, including first
portions being substantially parallel to the video signal

lines, second portions being substantially parallel to
the terminal electrodes and inclined linear wiring elec-

trodes for connecting the first and second portions,; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes at least in an area of
the liguid crystal side of the sealant; and

wherein lengths of at least one of first and second portions
and widths of the inclined linear wirving electrodes vary.
44. A liquid crystal display according to one of claims 40,
42 and 43, wherein resistances of each lead out wirings are
substantially equal to each other.
45. A liguid crystal display suitable for high-quality dis-
play comprising.
a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel display electrodes;

a plurality of parallel terminal electrodes led out to an
end portion of the liguid crystal device substrates, con-
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nected to the liquid crystal drive element, and having
different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes, including >

inclined linear wiring electrodes which are not parallel
to the display electrodes; and

whevrein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes at least in an area of
the liquid crystal side of the sealant.

46. A liguid crystal display suitable for high-guality dis-

10

play comprising:

a pair of liguid crystal device substrates arranged so as to 13

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

: .. : _ 20

wherein the liquid crystal device substrates comprise:

a plurality of parallel scanning signal lines,

a plurality of switching devices;

a plurality of parallel tevminal electrodes led out to an
end portion of the liguid crystal device substrates, con-
nected to the liquid crystal drive element, and having
different pitches from pitches of the scanning signal
lines: and

25

a plurality of leadout wirings for connecting the scanning
signal lines and the terminal electrodes, including
inclined linear wiring electrodes which are not parallel
to the scanning signal lines; and

30

whevrein at least substantial portions of at least a majority
of the inclined linear wiring electrodes ave substan-
tially parallel to substantial portions of an adjacent one 35
of the inclined wiring electrodes at least in an area of
the liguid crystal side of the sealant.

47. A liquid crystal display suitable for high-quality dis-

play comprising:

a pair of liquid crystal device substrates arranged so as to Y

be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise: +

a plurality of parallel video signal lines;

a plurality of switching devices;

a plurality of parallel tevminal electrodes led out to an
end portion of the liguid crystal device substrates, con-

nected to the liquid crystal drive element, and having

different pitches from pitches of the video signal lines;
and

50

a plurality of leadout wirings for connecting the video
signal lines and the terminal electrodes, including
inclined linear wiring electrodes which are not parallel
to the video signal lines; and

55

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one ¢
of the inclined wiring electrodes at least in an area of
the liguid crystal side of the sealant.

48. A liguid crystal display suitable for high-gquality dis-

play comprising:

a pair of liguid crystal device substrates arvanged so as to 65
be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and
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at least one liguid crystal drive element for driving the
liquid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel display electrodes;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having
different pitches from pitches of the display electrodes;
and

a plurality of leadout wirings for connecting the display
electrodes and the terminal electrodes;: and

wherein the leadout wirings connected to the terminal
electrodes positioned at least an outer portion have
inclined linear wiring electrodes which are not parallel
to the display electrode; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes are substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes at least in an area of
the liguid crystal side of the sealant.

49. A liguid crystal display suitable for high-quality dis-

play comprising.

a pair of liquid crystal device substrates arranged so as to
be opposite to each other and joined together by a seal-
ant with a liquid crystal intevposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel scanning signal lines;

a plurality of switching devices;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end

portion of the liguid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the scanning signal
lines: and

a plurality of leadout wirings for connecting the scanning
signal lines and the tevminal electrodes; and

wherein the leadout wirings connected to the terminal
electrodes positioned at least an outer portion have
inclined linear wiving electrodes which are not parallel
to the scanning signal lines; and

wherein at least substantial portions of at least a majority
of the inclined linear wiring electrodes arve substan-
tially parallel to substantial portions of an adjacent one
of the inclined wiring electrodes at least in an area of
the liguid crystal side of the sealant.

50. A liguid crystal display suitable for high-quality dis-

play comprising:
a pair of liquid crystal device substrates arranged so as to

be opposite to each other and joined together by a seal-
ant with a liquid crystal interposed therebetween; and

at least one liquid crystal drive element for driving the
liguid crystal;

wherein the liquid crystal device substrates comprise:

a plurality of parallel video signal lines;

a plurality of switching devices;

at least one terminal electrode group comprising a plural-
ity of parallel terminal electrodes led out to an end
portion of the liquid crystal device substrates, con-
nected to the liquid crystal drive element, and having

different pitches from pitches of the video signal lines;
and
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a plurality of leadout wirings for comnnecting the video 51. A liquid crvstal display according to one of claims
signal lines and the terminal electrodes; and 48-50, wherein the pitches of the at least substantial portions

wherein the leadout wirings connected to the terminal of at least a majority of inclined linear wiring electrodes are
electrodes positioned at least an outer portion have substantially equal to substantial portions of an adjacent
inclined linear wiring electrodes which arve not parallel > one of the inclined wiring electrodes.
to the video signal lines; and 52. A liquid crystal display according to one of claims 48

wherein at least substantial portions of at least a majority to 50, wherein the leadout wirings have portions which are
of the inclined linear wiring electrodes are substan- parallel to the terminal electrodes, and wherein lengths of
tially parallel to substantial portions of an adjacent one the portions vary.

of the inclined wiring electrodes at least in an area of
the liquid crystal side of the sealant. * ok k% ok
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