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7) ABSTRACT

Asegment electrode group 10 is passed through a lower side
portion of a sealing resin 7 to be connected to a connection
terminal group for segment electrode 8. A connection ter-
minal group for common electrode 6 is juxtaposed to the
connection terminal group for segment electrode 8 along the
lower side portion of the sealing resin 7. The connection
terminal group for common electrode 6 is connected to a
wiring pattern § through the lower side portion of the sealing
resin 7. The wiring pattern 5 passes through an area between
a right side portion of the sealing resin 7 and a display area
3 to be connected to a conduction portion between substrates
Q1. The conduction portion between substrates Q1 contains
numerous conductive particles so as to electrically connect
the wiring pattern 3 and a common electrode group 4 to each
other. By this arrangement, downsizing of a liquid crystal
display device can be accomplished.

\ \ / 3 4 ]
l { ] [
/ .Y
f S EEATY
e H:_ e
i T2
10 4
4
am | I
o
—O ) .. O"\‘] 5
15— /{r | &
8 \ 8(1)—/ kﬁ
8(3m) 21 6(n)



Patent Application Publication Feb. 3,2005 Sheet 1 of 45 US 2005/0024574 Al

FIG 1¢C
51
N\
. 2 —+—1
\ 2 J "\2
11
FI1G TA
1 FIG. 1B

T~
|
- W
i
F——
pa— Y
s
d_—m
—

7
| \ ] —/ /
/ T——a1
/F ------------------------ e /F
e ] e
iotr-3
101

[}
LI T )

L
16— T f{/ /)\ ...)\o~\15 (L—



Patent Application Publication Feb. 3,2005 Sheet 2 of 45 US 2005/0024574 Al

FlQ@G. 2
s1
T 12 23 45 24 4 / 5 )2
I VA N
00T 0 6 000000
i l\ } \I
14 10 (1 14




Patent Application Publication Feb. 3,2005 Sheet 3 of 45 US 2005/0024574 A1

FIG. 3C

(o) ~—1
NN, T2
1(1
FIG. 3A |
. FIG 38

/_
N
\ |
\_
/
W
I
— =
—r
)

— X| \ \ ] ] W/-{ 7/
' Ll
...... R L R R Rk Ll et -_-_::-L_:__ . 30
S R R ek

—h
VY

/"r* y
—h

~30

10\_/\( -
4 R
(ﬂ) - q 4
ZIZ%IZI:ZZIZZZZ::::Z oo : 8 30
X A
L L
1 5__/—‘0 . V..., O’—\‘] 5 {
pd i L
‘ $2



Patent Application Publication Feb. 3,2005 Sheet 4 of 45 US 2005/0024574 Al

FlG. 4

LT
A
N
1=




Patent Application Publication Feb. 3,2005 Sheet 5 of 45 US 2005/0024574 A1

Fl1G. 5C

(o ) 1
\ / / F~
11
FIlG 5A
<3 FIG. 58
12 " 13
AR R . e
— T i~ 17 7
R
f '"2222}22222222222233'\"' =TT
g ({0 A - g
110
: |
10— —qip
Q4 4(n' )
. h—.\_..___..'.'__'_'_'.'_'_'.’.'_'_'_‘_"_'_'.'_'_'_'_'.'_'__'_'_' “rr-
[ \ 4(n" +1)
58 H-T1¢] N -5 A
4(n) 1] |
I 11w U
AN TS /
51T
k B, ||
\ 8(1)J ( s3
6(n) [ 33 392



Patent Application Publication Feb. 3,2005 Sheet 6 of 45 US 2005/0024574 A1

FIlG. 6C

S_4\

__\1
FIl1G, 6A
6(n/4)
6(n/2) g(3m) 8(1) 6(1
stosstn m ) (1) FlQG. 68
S4
=N \ \ av 4 ) \ 2
T l ]
15——~Lo d \ K 115 _S, 1
T
—~ 5D
—QT
| 9
5C 4(1)
48(3m)— 4(n/4)
- ‘l T 4(n/4+1)
4n/2) =1 R
In ~—Q5
37 il
10(3m -} 4(n/241)
06 — . T~ 4(3n/4)
a(3n/a+1) T 10(1) [N
4(n)H ‘ :
P11
IL‘.’.Z 18 :
C 11 '
5B L1
15 —° B ) (
(s 901
S4
8(1) o
6(n) [ 3Tgian 36 6(3n/4)
6(3n/44+1)



Patent Application Publication Feb. 3,2005 Sheet 7 of 45 US 2005/0024574 A1

FlG. 7C

T
FlG. 7A
6(n/2)
6(1) 55 8(1) F1G.. 7B
8(3m)
BTN RERANE :
T
15—l o J/ | OT~—15 T~—1
1 | 1
Q10—"] L~
‘_‘\} _____________________________ .
1 1 R B 11 54/_11
i 13 /
48(3m)—H— i \1 |
AT 48(1)
4(n/2)
S | e -—Q9
JSE R T el teiueleaibaiebiepbeiebubebat  epubed s e 7
4(n/2+1)
10(3m) —4—1" | Vil ~L 0(1)
- 4(n)

15__/**0 (- \ » oT™—15 L
1 g/ ( ( f
8(1) S5
8(3m) 54 6(n) =



Patent Application Publication Feb. 3,2005 Sheet 8 of 45 US 2005/0024574 A1

FlG. &8

2
T 12 23 24 4 45 /
[ Y M M |
\ ] [ N

"
—T1 i I ]

AN QO ¢ @) - 1

= - - - - [rar— I .

N




Patent Application Publication Feb. 3,2005 Sheet 9 of 45 US 2005/0024574 A1

FI1G. 9A
2
- 12° 45 23 4 *(‘l \/

Fl1G. 98B

7 12 45. 23 4 24

B )// [] =
OO Ol O ()Of

14 10 5 z 14 &
1




Patent Application Publication Feb. 3,2005 Sheet 10 of 45 US 2005/0024574 Al

F1G. 10A FIG 108
40
o 12 1 13 2
3 4(Q1) 1
\ \ \ / ) 1 \ }
4 \
)
J
104+— L,
Q12 |
N 4(80)
AL WoooooozizooooozioiiiiiiinI-
- I N 4(81)
[
4(160)
Col--s CATToooIoIITITIITITTIIIIS
X { | A-5A
1 1
5B L% \ - | __J
) 16— 7\ /f\ o~—15 L—W
AN 4
6(160) [ 42 8(1) st
8(3m) 41
SE1) 6(80)



Patent Application Publication Feb. 3,2005 Sheet 11 of 45 US 2005/0024574 Al

FlaGg. 11

T 12 R G R 46 |
?
Fl1G. 12
3
view 3_8
2 J
J
e 2
\\HRIIGJ\LB_HRJlGJIBU/'J
l [ \ 1] J
1
[Door— il e u\h ool
\ ) \ [ /
; S S S |
5 10 24 1 12 5



Patent Application Publication Feb. 3,2005 Sheet 12 of 45 US 2005/0024574 Al

FlG. 13A
§9 FlQ@G. 138
\\ 12 11 1
\ 1)3 1o(1) =b )
, . | )
\1 J ( I — ] W/T . \ﬁ\,]
| 4(n+1) 4(“; S| WS TYC PO
10Bm 4 L— K _______ '(__/_Z _______ /_-_ a2
] R FEE ST
l a
a 1 R :ZLZ:Z:Z;;;,;;;;%‘ z
4(n" ) -4 jTITITIInyIIIIIIT et
A(n' +1) \=X ______ - I
Q14— [heomodimememsemmmmmmen Il 4(n')
1 L T LR
BC(n" + 1) h--o it~ pusmupepupgayiey | N
- @:—:—: | ulululuinlulvlvh ivigloivisluispiutuiuiel il |18 5 A(n)
4(N) i N }IV ' AT 58(n+1)
5C(n" )= || Atbh i 580" )
0"+ B i
5DN)—] % 8 9 W ¥
_ WX - -—Q156
Q16 \E"'Jﬁl: m 1 n;._i B L
6(n" +1)‘/~ﬂ \ L ——L-6(n+1) |
| =
6(N) 8(3m) 8(1) _S_g
6(n") | 6(1) \ 6(n')
6(n" +1)

6(n)



Patent Application Publication Feb. 3,2005 Sheet 13 of 45 US 2005/0024574 Al

FlG. 14
g
/ 2
12l /5 [4 1\7 |
/, 3 \ L)) e
T ) ’_JO '(). O C)' %m(r)_”_\_l([) <>Q\T
14 19 10 L 5A 14
Fl1G. 15
i?_
/ sy 4o

Q15 : /
——

6 (n+1) .



Patent Application Publication Feb. 3,2005 Sheet 14 of 45 US 2005/0024574 Al

Fl@G. 16
59 35.8 .
'2(Po.05x40)\\ZB'B(POSOGXSGO) / - 2(Po.\05x_o
1.5 N \ ( \ (T>—1.5
p 13
N . ]
f S .
4(1)
3 §
10(360) / ______ — 10(1)
44004l j:::::::: ______________ jw ______ =
AN —RN ||| I | | Q18
4(80)—J| I Pttt asbaied | e 1
s H—N I
B e et (1 N
s2oHd—N ] % it
4(121) ﬂ 1A
4(160) T N - m e L .
50 — -
- 58
Q16 —- .—Q15
6(121)—/ 2 / K Ns(an)
| 8(360)  g(1) 6(80)
6(160)( 8(81) 6(40)

6(120) - 8(1)



Patent Application Publication Feb. 3,2005 Sheet 15 of 45 US 2005/0024574 Al

FIG. 17A
R , oo F1G 178
< . 13 , \
28\ W 3 4 2 1
| i - 7N 26 \‘ _f
f]ﬂ:f} 1 N } A
so— ol L e
PN i
d ' 5t d
40 — 4 | B

= 1| . \
o NN

, T L L

i I i .

34__/"“. RN R T . I~ 36 i
35 — // //
15—1T° [{---- 5152 ....... 5354 ol OT—15
| N | A\ L
/ // il 2\\ \ 10
6 616 a1 6 : 510



Patent Application Publication Feb. 3,2005 Sheet 16 of 45 US 2005/0024574 Al

FI1G. 18
510
1 2
R e B |
IRV VE—-—
[OOlo_or- g 0 [ 000, [BIO]
¢ ALt
14 40 ol B 14T
3
Fl1G. 19
S10

T 14 22 23 45 4 2|4 12 ) 31 312 2\8

77 ] T

.
¢

[
(O M omm o AR mienj IO
A [ ]
9 0 2

Q

1




Patent Application Publication Feb. 3,2005 Sheet 17 of 45 US 2005/0024574 Al

FlG. 20A

7 FlG 208B
27 31 13 .
28—\ 3\2 <8
2 P 1
\Dl\ ...... 26 \~ /
1 L R W ) A
41 . :--—‘-- - F T T R A R = 25
/[\ \\_} :Z_q,? CLTTLITToTITTITITILILL S
L [ [P N L2 ) 77:___- - 4\
£ 10T : : f
ol ™
39 ___| _ . ~Q17
38— -[::L :: _:_:.: :_::::::::::::::::::::
s/ N -
018"‘\“ \~5
4
5 << §
778N A |
‘ | —33
33— 3T
36— /
15—10 i{----||51 ™
A 15
i |-
6 /16 si1




Patent Application Publication Feb. 3,2005 Sheet 18 of 45 US 2005/0024574 Al

Fla. 21
5 2
A 4 12 23 45 4 24 /
L N _
g 0O 0 0 100
| VAR
14 40 1'0 5 114 7
3
Fl1G. 22

2./
T 14 22 23 45 4 2,4 12 ) 32 28

l /

N

O()l(;,—uﬁl() O 0 0 _O

4+

NLLZIZL

[

A/ 9 10 - 31 14 27




Patent Application Publication Feb. 3, 2005 Sheet 19 of 45

FlG. 23

S$11

US 2005/0024574 Al

{
¢

4\5
V)
[

T,
OO,

/////////////////// 10

V




Patent Application Publication Feb. 3,2005 Sheet 20 of 45 US 2005/0024574 Al

FIlG. 24A
FlG. 248
27 ’ —
28 \
\\ 4 ) Ve
- 26 ]
mil _ 119 .
41 T T 1 3—25
\ . __. -
= N
10
40 —. N
39 | ~~Q17
38_/" (] : i
B
018""\” L'\\—S
B = .
| —41
47"‘3 7 1/22
34— ~—21 L
35 — \—‘18
= e




Patent Application Publication Feb. 3,2005 Sheet 21 of 45 US 2005/0024574 Al

FI1G. 25

59 14 4‘9 23 4)5 4 24 12 ) 32 28

\%\//J A
i 076]% % imrom omim i o DT
e T

\ |
L g/ 910 31 14 27

I




Patent Application Publication Feb. 3,2005 Sheet 22 of 45 US 2005/0024574 Al

FI1G. 26

S12
9/
\
2—\\__ /

N \ 123

T O ) (O

24
| 77 70 |
N ) m=al




Patent Application Publication Feb. 3,2005 Sheet 23 of 45 US 2005/0024574 Al

FlG. 27
8§13
/ :
B 12 23 45 4 24 ) -
{
—
==\ T 7 —— 014—’/_H
OO0 10 0 0 [QOOrT
[ R waen U st O e I e N I T~ H
| A
Ay 10| 5 L1 14
3
Fl1G. 28
§13-2
/ ,
A 12 23 4 |20

S\ m— \ \ —rf ~—H
[ [ oo o Al {=—-
—_—t . - T A G




Patent Application Publication Feb. 3,2005 Sheet 24 of 45 US 2005/0024574 Al

FI1G. 29

(

35

__—81~813

.

.

?
7
/ﬁ
?
o

/i




Patent Application Publication Feb. 3,2005 Sheet 25 of 45 US 2005/0024574 Al

FIG. 30A FI1G 308
514
14 11 o148
\ _ 5, 23 13 \
12 4 3 110 2}2
M \ vy
V272 % I
': : ‘,__../01 9
B A7 / 7z L
7577777 I S W |~ =11 =
33 -f~i— d
\-—T-SA
~—34
~—5A




Patent Application Publication Feb. 3,2005 Sheet 26 of 45 US 2005/0024574 Al

Fl1G. 31
2
30 31 4 T 32 / 28
) J ( [ ! ! I
e D SV N N G
- L.ILJULTUUUULJI_JL,JLJ\_JL\JI_ILJLJL_H_IULJLJLLL,J\_]
[ 1100, 0,0 0. Olol0 O m\7
2 V7777777777777 7277 777777822 ZZ FAAPA ﬁam PAL7] mm / \
‘ o] ' ( ( |
15
14 12 5 16 2 e , 29 14

34



Patent Application Publication Feb. 3,2005 Sheet 27 of 45 US 2005/0024574 Al

FIl1G. 32

s14
RS
Y

——236, 5, 9




Patent Application Publication Feb. 3,2005 Sheet 28 of 45 US 2005/0024574 Al

F1G. 33A FlG. 338

0.01 -

$14-2 11 S14-2

\ 23 13 22 \
)

2 AL«
. 1 J /Lll7/_‘/7
DA _ vtz | -

AP

£

33— f~ml
10 — : . 0.01

T~—34

0.01




Patent Application Publication Feb. 3,2005 Sheet 29 of 45 US 2005/0024574 Al

FIG 34A | FlG. 348B

$14-3 1 514-8

\ 23 13 \
' 4 10 / N
W%ﬁm ]

\

e
s| g
< "3
= = 33—l _| 1
| R
10 —— ; sl g
4 4 1§+ —
~ . 21 g : P
g S \\‘%\ ol
//////: ____________________ :1:
W2 T T e, - - - =
IR 77.//747777 N | R 1} i
77777477 ) 4 ~—5 ~-34
= =l 5 ol it
= = \\ _;E E Pa.o
= e P0.03 P0.03 || » J
ot Y Tlo.02 0.00 1 3
e ;
’ M
4 i
| ——— iy
I \ A\ U 1V
> 2 9 Na
Y 9 2
4 % /
T
18 3& D v

N N
o

o — -/
cn—\\

oo’—\J
Py

>,

o —Dh
8’
o —



Patent Application Publication Feb. 3, 2005 Sheet 30 of 45 US 2005/0024574 Al

Fl1G. 35

EEEES

T T -



Patent Application Publication Feb. 3,2005 Sheet 31 of 45 US 2005/0024574 Al

FIG. 37A
FlG. 378
S15
——\ 11 '3
12 4 $15
_ '\\ ’)&_(LC /f 1§0 1(8“ 7 \ 7
| 3 ] |
ﬂ1::::::::::;:::_/:::;‘::.‘_ |
:| ~.Q3
Q#_ ..... ~ l e
| \\99 gy
| L L O /A -
L /ONIL A2
, 18 &7 Lygy / J aadd 15 15_/[[
N gl




Patent Application Publication Feb. 3,2005 Sheet 32 of 45 US 2005/0024574 Al

FlG. 38

Fl1G. 39




Patent Application Publication Feb. 3,2005 Sheet 33 of 45 US 2005/0024574 Al

FI1G. 40A

E;IZZ;Z;;;;;IZI;;;;ZZZ;Z
111 piplptoiolotivivlulvlvtpinilulutololotoh 4
P O S ]
04—~ || 5
S|
ng\wg§\\ /) o /L

f(r((--f%.-.@’--Tﬂ\M A



Patent Application Publication Feb. 3,2005 Sheet 34 of 45 US 2005/0024574 Al

FI1G. 4TA FIG. 418
10 10
o A N o A

”ﬂ%%%”ﬂ

)

1 PIXEL / % 1 PINEL| P A D
SPACE —= %/% % SPACE -
1 PIXEL | '\ PIXEL| ) DO

%%%
_

REFLECTING AREA TRANSMITTING AREA
(1TO/Cr/Al) (170)

D




Patent Application Publication Feb. 3,2005 Sheet 35 of 45 US 2005/0024574 Al

F1G. 424 Fl1G. 428
10 10
— —A N —A N\

\\ h

T allalle T
1 PIXEL % %/ % i PlXELL 2/2 %///é 2/2
3 |
SPACE = =i SPACE £ ///é////é////é
1p|><ELk NN 1 PIXEL % gé/gg//é
B Y
SPACE = SPACE = //4//4///4
TPXEL] 2.\ 7| 1 eixell | ?é Z
| |z mim -
VDU
7
.
REFLECT ING AREA TRANSMITT (NG AREA

(1T0/Cr/Al) (170)



US 2005/0024574 Al

Patent Application Publication Feb. 3, 2005 Sheet 36 of 45

FlG. 438

FIlG. 43A

R ///./////////////////////////////4/////////////////////////

////u////4///////.//////«#/////////4?//////////4/////////////////74/

X ///Z/////V////////A//////////////////////////////////‘A//.

//Uﬂ///////,ﬁ//////é////////////%/////////////////////////

r///////zﬂ//////ﬁ/////7///////«#/////////////////////////////////

//////////////////////////////////ﬂ////////f//////////ﬂ//;////// >

| =] | =] 0
= 1,1 1, |

—_—
-

1 PIXEL
SPACE
1 PIXEL
SPACE
1 PIXEL

Il |

I {
1

| Y [y I = =]
_I __n __/ 1

—
—

PIXEL
SPACE
1 PIXEL
SPACE
1 PIXEL

1

%

REFLECTING AREA

TRANSMITTING AREA

(170)

(1T0/Cr/Al)



Patent Application Publication Feb. 3,2005 Sheet 37 of 45 US 2005/0024574 Al

FlG. 44

view
12 @ 671 30
\\ ) {
1 1
581 \ | : 1} 1 § f___-(4\
13— : () ()‘/‘\12
71- % .
70\: 69
61_\_ \68_)
62 —
63— ¢

66 65



Patent Application Publication Feb. 3,2005 Sheet 38 of 45 US 2005/0024574 Al

FI1G. 45




Patent Application Publication Feb. 3,2005 Sheet 39 of 45 US 2005/0024574 Al

FIlG. 46

(e
—_

80

xl




Patent Application Publication Feb. 3,2005 Sheet 40 of 45 US 2005/0024574 Al

A 2 T~—1
Fl1G 47A
P 19 11 13 FlG 478
VAV
— 7 ) T
! 3 5 | 2 —"
__________________ [ YL
/F ----------------- ,’7’ _________ \\ 6
a [ N L/
== _,I\4(1)
a
p 4(n)
pay
I S | [r,’/ ~—1-10
9 /
L
........... \'8 f L_
8(3m) 8(1) P1



Patent Application Publication Feb. 3,2005 Sheet 41 of 45 US 2005/0024574 Al

FI1G. 48

P1




Patent Application Publication Feb. 3,2005 Sheet 42 of 45 US 2005/0024574 Al

1 )7‘_—‘\_1

| W v r‘? Fl1G 498
12 ] ‘4(,1)

58 41,

10 41

58 1

Q22 —

20

15—




Patent Application Publication Feb. 3,2005 Sheet 43 of 45 US 2005/0024574 Al

FIG. 50

:

—

- e f - - —

=%~ Et-———-1

[N

6{(n") 6(1)



Patent Application Publication Feb. 3,2005 Sheet 44 of 45 US 2005/0024574 Al

FlG. §1

26 12 1
NS

1D i

14——/‘6

m

\_/

20—

B




Patent Application Publication Feb. 3,2005 Sheet 45 of 45 US 2005/0024574 Al

FlG. 52




US 2005/0024574 Al

LIQUID CRYSTAL DISPLAY DEVICE, PORTABLE
TERMINAL AND DISPLAY EQUIPMENT
PROVIDED WITH THE LIQUID CRYSTAL
DISPLAY DEVICE

[0001] This application is based on applications Nos.
2001-261510, 2001-298550, 2001-352822, 2001-358717,
2001-361553, and 2001-378905 filed in Japan, the content
of which is incorporated hereinto by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a small size liquid
crystal display device, a portable terminal and display equip-
ment provided with such a liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] Conventional STN type liquid crystal displays P1
and P2 are now discussed referring to FIGS. 47-FIG. 52.

[0006] FIG. 47A is a plan view of the liquid crystal
display P1. FIG. 47B is a right-side view of the same, and
FIG. 47C is an upper-side view of the same. The liquid
crystal display P1 is arranged such that two rectangularly
shaped glass substrates are joined together. There are pro-
vided two driver ICs (not shown) one of which is for
segment electrodes, and the other is for common electrodes.
The driver ICs are disposed along two sides of the glass
substrate 1 external to the respective sides. When mounting
the driver ICs on the body substrate, TCP (Tape Carrier
Package) or COF (Chip on Film) is used. (Refer to Japanese
Unexamined Patent Publication H08-179348.)

[0007] On the glass substrate 2, a group of transparent
common electrodes 4 and a wiring pattern 5 with a trap-
ezoidal shape which extends from the transparent common
electrode group 4 are provided. On the other glass substrate
1, there are provided a group of transparent segment elec-
trodes 10, and a wiring pattern 9 with a trapezoidal shape
which extends from the transparent segment electrode group
10. The area where the transparent common electrode group
4 and the transparent segment electrode group 10 cross each
other form a display area 3.

[0008] On edges of two sides of the glass substrate 1, there
are provided common-side terminal group 6 connected with
the wiring pattern 5, and segment-side terminal group 8
connected with the wiring pattern 9. TCPs or COFs are
mounted on the common-side terminal group 6 and seg-
ment-side terminal group 8 by thermal pressure using an
anisotropic conductive film.

[0009] Asealing resin 7 is provided external to the display
area 3 so as to surround the display area 3. The glass
substrates 1 and 2 are bonded together with the sealing resin
7, and the internal space between them is filled with a liquid
crystal 12 by injecting it through an injection inlet 13. Then,
it is sealed with a UV curable resin 11.

[0010] When the number of pixels is represented by mxn,
since one pixel is constituted of three kinds of colors i.e. R
(red), G (green) and B (blue) in the colorized liquid crystal
display device P, the number of transparent segment elec-
trodes 10 to be provided is 3m. The numbers of wires in the
wiring patterns 9 and segment-side terminals 8 are also 3m.
The numbers of transparent common electrodes 4, wires in

1. Field of the Invention
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the wiring pattern 5 and common-side terminals 6 are n,
respectively. These are shown with a part thereof omitted in
the drawings.

[0011] FIG. 48 is a cross-sectional view taken along the
line a-a in FIG. 47A.

[0012] The sealing resin 7 contains conductive particles
14. The common-side terminal group 6 and the wiring
pattern 3 are connected vertically by the conductive particles
14. The portions connecting them vertically are referred to
as “conduction portions between substrates.”

[0013] On the transparent common electrode group 4, an
alignment film 23 for aligning the liquid crystal 12 is
formed. Also, an alignment film 24 is formed on the trans-
parent segment electrode group 10. Between the alignment
films 23 and 24, spacers 45 are dispersed in order to keep the
gap S between the substrates at a constant distance.

[0014] In the above-mentioned liquid crystal display
device P1, however, the arrangement is such that two driver
ICs one of which is for segment electrodes and the other for
common electrodes are mounted along and external to two
sides of the assembly of two rectangularly shaped glass
substrates bonded together. Accordingly, two driver ICs are
required in this structure.

[0015] Accordingly, it has been desired to integrate the
functions of both of the driver ICs into one driver IC thereby
reducing the IC cost and the mounting cost.

[0016] A liquid crystal display device P2 provided with
one driver IC prepared in the above-mentioned way is now
described.

[0017] FIG. 49A is a plan view of the liquid crystal
display device P2. FIG. 49B is a right-side view of the same,
and FIG. 49C is an upper-side view of the same. FIG. 50 is
an enlarged view of an essential part B shown in FIG. 49A.
FIG. 51 is a cross-sectional view taken along the line c-c in
FIG. 50. FIG. 52 is a cross-sectional view taken along the
line d-d in FIG. 50. In these drawings, parts corresponding
to those in the liquid crystal display device P1 described
above are denoted by the same reference characters.

[0018] As shown in FIG. 49A, the display area 3 is
divided into the upper area and the lower area. The trans-
parent common electrode group 4 in the upper area is drawn
to the right side, and the transparent common electrode
group 4 in the lower area is drawn to the left side. They are
connected to the wiring patterns 5A and 5B, respectively, on
the glass substrate 2. These wiring patterns SA and 5B are
extended to the conduction portions between substrates Q21
and Q22, respectively.

[0019] The conduction portions between substrates Q21
and Q22 are provided for electrically connecting the wiring
patterns SA, 5B on the glass substrate 2 to the wiring pattern
20 on the glass substrate 1. In this example, the sealing resin
7 containing conductive particles 14 is used for these
portions as shown in FIG. 51.

[0020] The wiring pattern 20 is a pattern made of ITO,
which spreads in the form of a trapezoid. The wiring pattern
20 is connected to the common-side terminal group 6
disposed on the both sides of the segment-side terminal
group 8. In the conduction portions between substrates Q21
and Q22, in order to stably connect the upper and lower
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electrodes to each other with low resistance to conduction by
bringing them into contact with many conductive particles
14, the wiring width D of the wiring patterns 5 and 20 necds
to be as large as possible. In addition, in order to prevent the
conductive particles 14 from causing short-circuit among
adjacent wires, a spacing S larger than a specific distance is
required between each of the wires (See FIG. 52).

[0021] Accordingly, under the present circumstances, wir-
ing pitch P(P=wiring width D+wiring spacing S) in the
conduction portions between substrates Q21 and Q22 is
made larger than the wiring pitch (in the order of 60 um) of
the common-side terminal group 6.

[0022] It is therefore necessary to provide an area (repre-
sented by the size L in FIG. 49A) for routing the wiring
pattern 20 spreading from the common-side terminal group
6 in the form of a sector.

[0023] This makes the longitudinal size of the panel large,
failing to meet the recent market demand for downsizing.
For example, such a panel is inconvenient to be used as LCD
panel for mobile phone in which the panel dimensions are
restricted.

[0024] In addition, regarding small size liquid crystal
display devices for mobile phones, it is often the case that
wiring patterns 5 and 9 are viewable from the display surface
due to its small area. When the wiring patterns 5 and 9 are
formed of a metal material, light reflected from the patterns
deteriorates the visibility. Improvement in this respect is also
anticipated.

[0025] Tt is an object of this invention to provide a liquid
crystal display device capable of accomplishing downsizing
thereof by reduced dimensions.

[0026] Tt is another object of this invention to provide a
liquid crystal display device which is suitable for a portable
terminal such as mobile phone.

[0027] Ttis still another object of this invention to provide
display equipment in which downsizing thereof is accom-
plished.

[0028] Tt is still another object of this invention to provide
a liquid crystal display device with good visibility.

BRIEF SUMMARY OF THE INVENTION

[0029] In a liquid crystal display device according to this
invention, there are provided connection terminals for seg-
ment electrodes and connection terminals for common elec-
trodes formed on a first substrate and external to one side
portion of a seal member. On the first substrate, a wiring
pattern which extends from the connection terminals for
common electrodes and passes through an area between
another side portion of the seal member and a display area
is formed. A conduction portion between substrates for
electrically and vertically connecting the wiring pattern and
the common electrode group to each other is provided within
another side portion of the seal member or between another
side portion of the seal member and the display area.

[0030] By this arrangement, a small size liquid crystal
display device can be provided.

[0031] In addition, according to this invention, a light-
shielding film is formed on the second substrate such that it
is opposed to the wiring pattern. Accordingly, the display
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area is clearly and sharply viewed with improved visibility.
This effect is particularly remarkable in downsized liquid
crystal display devices.

[0032] Moreover, according to the present invention, the
segment electrode group and the wiring pattern are both
formed by using a metal film so that they can be formed
simultaneously. The manufacturing cost is therefore reduced
so that a low cost liquid crystal display device can be
provided.

[0033] In the liquid crystal display device according to this
invention, a wiring pattern formed on the first substrate and
a wiring pattern formed on the second substrate are arranged
such that they overlap each other. By this arrangement, the
liquid crystal display device can be downsized as a whole
without reducing the display area.

[0034] Inthe liquid crystal display device according to this
invention, a dummy pattern is formed on the second sub-
strate such that it is disposed in a region opposite to the
wiring pattern and between the seal member and the display
area or within the seal member. A homogeneous liquid
crystal display can therefore be obtained, and a further
downsized liquid crystal display device can be provided
without display unevenness.

[0035] Also, a dummy pattern is formed on the first
substrate such that it is disposed in a region between the seal
member and the display area or within the seal member
where the wiring pattern is not formed, and also on the
second substrate such that it is opposed to the aforemen-
tioned region. Therefore, a further downsized liquid crystal
display device without display unevenness can be provided.

[0036] In addition, according to this invention, an end of
either or both of the common electrode group and the wiring
pattern are disposed within another side portion of the seal
member. Accordingly, even if there is static electricity near
the peripheral of the liquid crystal display device, the static
electricity is prevented from getting into the common elec-
trode group and wiring pattern. The driver IC is therefore
prevented from damage. Accordingly, it is possible to pro-
vide a liquid crystal display device with high reliability and
high quality.

[0037] Inthe liquid crystal display device according to this
invention, a dummy pattern for display frame is formed. By
this arrangement, the device is downsized as well as col-
oration and texture between the display area and display
window frame is made homogeneous, thereby providing a
high quality liquid crystal display device having a display
frame with an excellent appearance.

[0038] In the liquid crystal display device according to this
invention, the seal member contains numerous conductive
particles and an insulating film provided over the segment
electrode group is extended to one side portion of the seal
member. By this arrangement, it is possible to provide a
liquid crystal display device with high reliability in which
downsizing is accomplished and short-circuit does not occur
among the wires.

[0039] When the arrangement is such that wires extending
from the wiring pattern or the segment electrode group are
passed through one side portion of the seal member and
arranged in an array of oblique lines, the intervals among the
wires are narrow. Accordingly, it is further effective in
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preventing short-circuit among the wires to extend the
insulating film to one side portion of the seal member.

[0040] When the arrangement is such that the insulating
film is extended also to another side portion of the seal
member, unevenness in thickness becomes small or nil over
the whole seal member. Accordingly, the liquid crystal is
given a uniform thickness in its layer, resulting in a homo-
geneous display appearance over the whole display area.

[0041] Inthe liquid crystal display device according to this
invention, the segment electrode group comprises a wiring
pattern that is formed of a layer in which a transparent
conductive film and a metal film are laminated together.

[0042] By controlling the ratio between the area of the
transparent conductive film and the area of the metal film in
the wiring pattern, it is possible to provide a high perfor-
mance and high quality liquid crystal display device.

[0043] Moreover, according to the present invention, the
segment electrode group and the wiring pattern are both
formed by using a metal film. Both of them can thus be
formed simultaneously, reducing the manufacturing cost and
providing a liquid crystal display device at a low cost.

[0044] Furthermore, according to this invention, by pro-
viding a portable terminal or display equipment with the
liquid crystal display device of this invention, a downsized
portable terminal or display equipment can be realized.

[0045] Now, the structural details of this invention are
described referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1A is a plan view of a liquid crystal display
device S1 according to this invention, FIG. 1B is a right-side
view of the same, and FIG. 1C is an upper-side view of the
same.

[0047] FIG. 2 shows a cross section taken along the line
e-e in FIG. 1.
[0048] FIG. 3A is a plan view of a liquid crystal display

device S2. FIG. 3B is a right-side view of the same, and
FIG. 3C is an upper-side view of the same.

[0049] FIG. 4 is a cross-sectional view taken along the
line f-f in FIG. 3A.

[0050] FIG. 5A is a plan view of a liquid crystal display
device S3. FIG. 5B is a right-side view of the same, and
FIG. 5C is an upper-side view of the same.

[0051] FIG. 6A is a plan view of a liquid crystal display
device S4. FIG. 6B is a right-side view of the same, and
FIG. 6C is an upper-side view of the same.

[0052] FIG. 7A is a plan view of a liquid crystal display
device S5. FIG. 7B is a right-side view of the same, and
FIG. 7C is an upper-side view of the same.

[0053] FIG. 8 is a cross-sectional view of a liquid crystal
display device S6 according to this invention.

[0054] FIGS. 9A, 9B are cross-sectional views of the
liquid crystal display device S6 according to this invention.
FIG. 9A shows a case where the Al film of the wiring patiern
5 is thick, and FIG. 9A shows a case where the Al film of
the wiring pattern 5 is thin.
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[0055] FIG. 10A is a plan view of a liquid crystal display
device S7 of this invention. FIG. 10B is a right-side view of
the same.

[0056] FIG. 11 is a cross-sectional view taken along the
line j- in FIG. 10A.

[0057] FIG. 12 is a cross-sectional view of a liquid crystal
display device S8 according to this invention, which has a
light-shielding film.

[0058] FIG. 13A is a plan view of a liquid crystal display
device S9, and FIG. 13B is a right-side view of the same.

[0059] FIG. 14 is a cross-sectional view taken along the
line a-a in FIG. 13A.

[0060] FIG. 15 is a cross-sectional view taken along the
line b-b in FIG. 13A.

[0061] FIG. 16 is a plan view of an example of the liquid
crystal display device S9.

[0062] FIG. 17A is a plan view of a liquid crystal display
device S10, and FIG. 17B is a right-side view of the same.

[0063] FIG. 18 is a cross-sectional view taken along the
line d-d in FIG. 17A.

[0064] FIG. 19 is a cross-sectional view taken along the
line e-e in FIG. 17A.

[0065] FIG. 20A is a plan view of a liquid crystal display
device S11, and FIG. 20B is a right-side view of the same.

[0066] FIG. 21 is a cross-sectional view taken along the
line f-f in FIG. 20A.

[0067] FIG. 22 is a cross-sectional view taken along the
line g-g in FIG. 20A.

[0068] FIG. 23 is an enlarged view of the essential part A
in FIG. 22.
[0069] FIG. 24A is a plan view of the liquid crystal

display device S12, and FIG. 24B is a right-side view of the
same.

[0070] FIG. 25 is a cross-sectional view taken from the
line h-h in FIG. 24A.

[0071] FIG. 26 is an enlarged view of the essential part B
in FIG. 25.

[0072] FIG. 27 is a cross-sectional view of a liquid crystal
display device S13 according to this invention.

[0073] FIG. 28 is a cross-sectional view of a liquid crystal
display device S13-2 according to this invention.

[0074] FIG. 29 is a schematic plan view showing display
equipment with any of the liquid crystal display devices
$1-813 incorporated within its window frame 33.

[0075] FIG. 30A is a plan view of a liquid crystal display
device S14 according to this invention, and FIG. 30B is a
right-side view of the same.

[0076] FIG. 31 is a cross-sectional view taken along the
line a-a in FIG. 30A.

[0077] FIG. 32 is a schematic plan view showing display
equipment with the liquid crystal display device S14 incor-
porated within its window frame 33.
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[0078] FIG. 33A is a plan view of a liquid crystal display
device S14-2 according to this invention, and FIG. 33B is a
right-side view of the same.

[0079] FIG. 34A is a plan view of a liquid crystal display
device S14-3, and FIG. 34B is a right-side view of the same.

[0080] FIG. 35 is a cross-sectional view of a liquid crystal
display device in which an insulating film 18 is formed so as
to cover a display area and the periphery thereof.

[0081] FIG. 36 is a cross-sectional view of a conventional
liquid crystal device wherein the insulating film 18 is not
formed.

[0082] FIG. 37A is a plan view of a liquid crystal display
device S15 according to this invention, and FIG. 37B is a
right-side view of the same.

[0083]

[0084] FIG. 39 is a cross-sectional view taken along the
line h-h in FIG. 38.

[0085] FIG. 40A is a plan view of another liquid crystal
display device S15-2 according to this invention, and FIG.
40B is a right-side view of the same.

[0086] FIGS.41A, 41B are plan views showing examples
of the arrangement of reflecting area and transparent area of
segment electrode 10 within one pixel.

[0087] FIGS. 42A, 42B show other examples of the
arrangement of reflecting area and transparent area of seg-
ment electrode 10 within one pixel.

[0088] FIGS. 43A, 43B show still other examples of the
arrangement of reflecting area and transparent area of seg-
ment electrode 10 within one pixel.

[0089] FIG. 44 is a cross-sectional view showing an
example of display equipment with a transflective liquid
crystal display device S according to this invention provided
therein.

[0090] FIG. 45 is an elevational view showing a mobile
phone provided with a liquid crystal display device S
according to this invention.

[0091] FIG. 46 is an elevational view showing a portable
terminal in which a liquid crystal display device S according
to this invention is provided in a small size case.

[0092] FIG. 47A is a plan view of a conventional liquid
crystal display device P1 and FIG. 47B is a right-side view
of the same. FIG. 47C is an upper-side view of the same.

[0093] FIG. 48 is a cross-sectional view taken along the
line a-a in FIG. 47A.

[0094] FIG. 49A is a plan view of a conventional liquid
crystal display device P2, and FIG. 49B is a right-side view
of the same. FIG. 49C is an upper-side view of the same.

FIG. 38 is a view enlarging the part g in FIG. 37A.

[0095] FIG. 50 is an enlarged view of the essential part B
in FIG. 49A.
[0096] FIG. 51 is a cross-sectional view taken along the

line ¢-¢ in FIG. 50.

[0097] FIG. 52 is a cross-sectional view taken along the
line d-d in FIG. 50.
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DETAILED DESCRIPTION OF THE

INVENTION
[0098] <First Embodiment (Conduction Between Sub-
strates)>
[0099] A STN passive matrix type liquid crystal display

device for color display wherein one pixel is constituted of
R (red), G (green) and B (blue) is described as an example.

[0100] FIG. 1A is a plan view of a liquid crystal display
device S1 according to this invention, FIG. 1B is a right-side
view of the same, and FIG. 1C is an upper-side view of the
same. FIG. 2 shows a cross section taken along the line e-¢
in FIG. 1. Parts corresponding to those in the above liquid
crystal display devices P1 and P2 are denoted by the same
reference characters.

[0101] This liquid crystal display device S1 has a structure
in which the lower glass substrate 1 and the upper glass
substrate 2 are joined together.

[0102] On the internal surface of the glass substrate 2, the
transparent common electrode group 4 made of ITO is
horizontally formed, on which the alignment film 23 for
aligning the liquid crystal 12 is formed. On the internal
surface of the glass substrate 1, the transparent segment
electrode group 10 is vertically formed, and the alignment
film 24 is formed thereon. Between the alignment films 23
and 24, spacers 45 for keeping the gap between the sub-
strates at a constant distance are disposed in a dispersed
manner.

[0103] In a colorized liquid crystal display device, one
pixel is constituted of three kinds of colors, which are R
(red), G (green) and B (blue). Accordingly, when the number
of pixels is represented by mxn, the number of the trans-
parent segment electrodes 10 needs to be 3m.

[0104] Meanwhile, when a monochrome display is pro-
duced, R, G and B are unnecessary. The number of the
transparent segment electrodes 10 is therefore m.

[0105] There are 3m transparent segment electrodes 10,
and n transparent common electrodes 4 in the liquid crystal
display device S1. The n transparent common electrodes 4
are referred to by ordinal numbers in descending order, from
the 1st to the nth. The 3m transparent segment electrodes 10
are referred to by ordinal numbers in right-to-left order, from
the 1st to the 3mth.

[0106] The area where the transparent common electrode
group 4 and transparent segment electrode group 10 cross
each other forms a display area 3.

[0107] Further outside the display area 3, the sealing resin
7 containing conductive particles 14, is provided so as to
surround the display area 3. The glass substrates 1 and 2 are
bonded together with the sealing resin 7, and the internal
space between them is filled with the liquid crystal 12 by
injecting it through an injection inlet 13. Then, it is sealed
with the resin 11.

[0108] As shown in FIG. 1A, the common-side terminal
group 6 and segment-side terminal group 8 made of ITO or
the like are juxtaposed to each other in a lower area of the
glass substrate 1 and external to the lower side of the sealing
resin 7. These common-side terminal group 6 and segment-
side terminal group 10 are connected to TCP or COF by
using an anisotropic conductive film or the like. The parts
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denoted by the numeral 15 are markers for positioning by
which TCP or COF is positioned when attached onto the
substrate.

[0109] When the segment-side terminal group 8 and com-
mon-side terminal group 6 are disposed closely to each
other, it is feared that during a test, short-circuit may occur
caused by the conductive rubber in contact with the seg-
ment-side terminal group § coming in touch with the con-
ductive rubber in contact with the common-side terminal
group 6. In order to eliminate such inconvenience, spacing
21 with a certain degree of width is provided between the
common-side terminal group 6 and segment-side terminal
group 8.

[0110] The segment-side terminal group 8 is connected to
the transparent segment electrode group 10 through the
wiring pattern 9 which is made of ITO and spreads in the
form of a sector. The right most terminal of the segment-side
terminals 8 is the first terminal, and other terminals are
counted in sequence from right to left. Thus, the left most
terminal is the 3mth.

[0111] On the other hand, the common-side terminal group
6 is extended upward as shown in FIG. 1A and connected
to the wiring pattern 5 made of ITO. The wiring pattern 5
routed in such a manner is arranged such that it is bent
toward the above-mentioned right side sealing resin 7 on the
glass substrate 1.

[0112] This bent wiring pattern 5 is extended to a conduc-
tion portion between substrates Q1. The conduction portion
between substrates Q1 functions to electrically connect the
wires on the glass substrate 1 and those on the glass substrate
2 to each other. In this example, the sealing resin 7 contain-
ing conductive particles 14 as shown in 2, is used for this
portion.

[0113] By providing the conduction portion between sub-
strates Q1 having such a structure, the wiring pattern that
extends rightward from the transparent common electrode
group 4 on the upper glass substrate 2 is electrically con-
nected through conductive particles 14 to the wiring pattern
5 on the lower glass substrate 1.

[0114] Accordingly, each of the transparent electrodes 4
on the glass substrate 2 is connected to each of the common-
side terminals 6. In the common-side terminals 6, the left
most terminal is the 1st, and other terminals are counted in
sequence from left to right. Thus, the right most terminal is
the nth.

[0115] In such a manner, in the liquid crystal display
device S1 according to this embodiment, the wiring pattern
that has been conventionally necessary, which is the wiring
pattern 20 spreading in the form of a sector in FIG. 49, is not
provided. The space for the wiring pattern is therefore
unnecessary, by which downsizing can be accomplished.

[0116] <Second Embodiment (Conduction Between Sub-
strates)>
[0117] FIG. 3A is a plan view of a liquid crystal display

device S2. FIG. 3B is a right-side view of the same, and
FIG. 3C is an upper-side view of the same. FIG. 4 is a
cross-sectional view taken along the line f-f in FIG. 3A.
Parts corresponding to those of the aforementioned liquid
crystal display device S1 are denoted by the same reference
characters.
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[0118] Instead of the sealing resin 7 containing conductive
particles 14 used for the conduction portion between the
substrates Q1 in the liquid crystal display device S1, in the
liquid crystal display device S2, a conduction portion
between the substrates Q2 formed by using a conductor 30
such as silver paste is disposed along one side of the sealing
resin 7 and between the display area 3 and the sealing resin
7. The parts other than this are arranged in the same manner
as in the liquid crystal display device S1 above.

[0119] Accordingly, also in this liquid crystal display
device S2, the conventionally used wiring pattern, which is
the wiring pattern 20 spreading in the form of a sector in
FIG. 49, is not provided. The space for the wiring pattern is
therefore unnecessary, by which downsizing can be accom-
plished.

[0120] <Third Embodiment (Conduction Between Sub-
strates)>
[0121] FIG. 5A is a plan view of a liquid crystal display

device S3. FIG. 5B is a right-side view of the same, and
FIG. 5C is an upper-side view of the same. In these
drawings, parts corresponding to those of the aforemen-
tioned liquid crystal display device S1 are denoted by the
same reference characters.

[0122] In this embodiment, the display area 3 is vertically
divided into block I and block II. Transparent common
electrodes 4(1)-4(n') in block I area are drawn to the right
side, and transparent common electrodes 4(n'+1)-4(n) in
block II area are drawn to the left side, which are extended
to conduction portions between the substrates Q3 and Q4,
respectively. Here, there is assumed the relationship 1<n'<n.
The n' may be, for instance, n/2.

[0123] These conduction portions between substrates Q3
and Q4 are intended to electrically connect the wires
between the glass substrate 1 and the glass substrate 2, and
the sealing resin 7 containing conductive particles 14 is
employed also in this embodiment as in the liquid crystal
display device S1 (FIG. 2). The conduction portions
between substrates Q3 and Q4 are connected to wiring
patterns 5A and 5B, respectively, on the glass substrate 1.
The wiring pattern SA is extended to the lower side of the
sealing resin 7, where it is connected with common-side
terminals 6(1)-6(x"). The wiring pattern 5B is extended to the
lower side of the sealing resin 7, where it is connected with
common-side terminals 6(x'+1)-6(n).

[0124] The part denoted by the numeral 32 is a space
between segment-side terminal group 8(1)-8 (3m) and com-
mon-side terminal group 6(1)-6(x"). A space between seg-
ment-side terminal group 8(1)-8(3m) and common-side ter-
minal group 6(n'+1)-6(x) is denoted by 33.

[0125] In the manner as described above, the conduction
portions between substrates Q3 and Q4 and the wiring
patterns SA and 5B are formed on both sides of the display
area. Further downsizing can therefore be accomplished.

[0126] This liquid crystal display device S3 is compared in
size with the liquid crystal display device P2 in FIG. 49.
Both of the devices set the values as follows:

[0127] Pixel Pitch: Horizontal 0.08 mmx3 (R,G,B),
Vertical 0.24 mm

[0128] Number of Pixels: 120x160
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[0129] Wiring pitch of segment-side terminal group 8:
0.06 mm

[0130] Wiring Pitch of common-side terminal group 6:
0.06 mm

[0131] The glass substrate 1 of the conventional liquid
crystal display device P2 was 40 mmx48 mm in size. In
comparison, the size of the glass substrate 1 of the liquid
crystal display device S3 of this embodiment was as small
as 40 mmx45-46 mm.

[0132] <Forth Embodiment (Conduction Between Sub-
strates)>
[0133] FIG. 6A is a plan view of a liquid crystal display

device S4. FIG. 6B is a right-side view of the same, and
FIG. 6C is an upper-side view of the same. In these
drawings, parts corresponding to those of the aforemen-
tioned liquid crystal display device S1 are denoted by the
same reference characters.

[0134] Inthe previous third embodiment, the liquid crystal
display device S3, the display area 3 was vertically divided
into two areas, in which the transparent common electrodes
4(1)-4(n") and 4(n'+1)-4(n) in both areas were connected on
the glass substrate 1 to the common-side terminal groups
6(1)-6(x") and 6(n'+1)-6(n) that were disposed on both sides
of the segment-side terminal group 8. In the liquid crystal
display device S4 in this embodiment, two such structures
are combined together.

[0135] Namely, transparent common electrode group 4 is
divided into four blocks, which are block III, block IV, block
V, and block VI. Blocks III and IV constitute one liquid
crystal display device S3 mentioned above, and blocks V
and VI constitute another liquid crystal display device S3.

[0136] To explain more specifically referring to FIG. 6A,
for block V, common connection terminal group 6(r/2+1)-
6(3n/4) on the lower right side is connected to transparent
common electrode group 4(n/2+1)-4(3n/4). For block VI,
common connection terminal group 6(3n/4+1)-6(r) on the
lower left side is connected to transparent common electrode
group 4(3n/4+1)-4(n).

[0137] For block III, common connection terminal group
6(1)-6(n/4) on the upper right side is connected to transpar-
ent common electrode group 4(1)-4(n/4) For block 1V,
common connection terminal group 6(x/4+1)-6(r/2) on the
upper left side is connected to transparent common electrode
group 4(n/4+1)-4(n/2).

[0138] Segment-side terminal group 8(1)-8(3m) on the
lower side of blocks V, VI is connected to transparent
segment electrode group 10(1)-10(3n2) through the wiring
pattern 9 that is made of ITO and spreads in the form of a
sector. Segment-side terminal group 8(1)-8(3m) on the upper
side of blocks III, IV is connected to transparent segment
electrode group 48(1)-48(3m) through the wiring pattern 47
that is made of ITO and spreads in the form of a sector.
Meanwhile, the transparent segment electrode groups 10 and
48 are not connected to each other at the center of the display
area 3.

[0139] To explain taking block IV as an example, wires
from the common-side terminal group 6(n/4+1)-6(n/2) on
the upper left side are connected to the wiring pattern SC that
has been formed on the upper left side of the glass substrate
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1 as shown in FIG. 6A. The wiring patter 5C is routed
vertically downward, and then bent horizontally to the left
toward sealing resin 7 formed on the left side of the glass
substrate 1.

[0140] In the conduction portion between substrates Q8
formed in the vicinity of the left sides of the glass substrates
1 and 2, the wiring pattern 5C and wires extending to the left
from the transparent common electrode group 4(n/4+1)-4(r/
2) in block IV on the glass substrate 2 are electrically
connected to each other through the sealing resin 7 contain-
ing conductive particles 14.

[0141] Therefore, also in the liquid crystal display device
S4 of this embodiment, the conventional sector-shaped
wiring pattern, which is the wiring pattern 20 spreading in
the form of a sector in FIG. 49, is not provided. The space
for the wiring pattern is therefore unnecessary, by which
downsizing can be accomplished.

[0142] <Fifth Embodiment (Conduction Between Sub-
strates)>
[0143] FIG. 7A is a plan view of a liquid crystal display

device S5. FIG. 7B is a right-side view of the same, and
FIG. 7C is an upper-side view of the same. In these
drawings, parts corresponding to those of the aforemen-
tioned liquid crystal display device S1 are denoted by the
same reference characters.

[0144] In this liquid crystal display device S5, the segment
connection terminal group 8 and the common connection
terminal group 6 are provided on the opposed upper and
lower sides of the glass substrate 1.

[0145] The display area 3 is vertically divided as shown in
FIG. 7A into blocks VII and VIII. The transparent common
electrode group 4 consisting of n electrodes is separated
sequentially in descending order into the 1st-n/2th and the
(n/2+1)th-nth, which are disposed in block VII and VIII,
respectively. The transparent segment electrode groups are
constituted of the transparent segment electrode group
48(1)-48(3m) on the upper side and the transparent segment
electrode group 10(1)-10(3m) on the lower side. Meanwhile,
the transparent segment electrode group 48 and the trans-
parent segment electrode group 10 are not connected at the
center of the display area 3.

[0146] The common connection terminal group 6 on the
upper side is connected to transparent common electrode
group 4(1)-4(n/2) in block VIII, and the common connection
terminal group 6 on the lower side is connected to trans-
parent common electrode group 4(n/2+1)-4(n) in block VIIL.
The symbols 56 (Q9) and 57(Q10) represent conduction
portions between substrates.

[0147] Also in the liquid crystal display device S5 of this
embodiment, the conventional sector-shaped wiring pattern,
which is the wiring pattern 20 spreading in the form of a
sector in FIG. 49, is not provided. The space for the wiring
pattern is therefore unnecessary, by which downsizing can
be accomplished.

[0148] In this embodiment, the conduction portions
between substrates Q9 and Q10 are provided on the right and
left sides of the display area 3. However, in order to further
reduce the size in the horizontal direction, the arrangement
may be such that conduction portions between substrates Q9
and Q10 are disposed on one side of the display area 3.
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[0149] <Sixth Embodiment (Metal Wiring)>

[0150] In each embodiment so far discussed, wiring pat-
terns 5 and 9 are formed by using ITO. Alternatively, a metal
layer with good electrical conductivity, which is a layer
made of a metal such as aluminum (Al), an aluminum alloy,
silver (Ag), a silver alloy or the like, may be employed.

[0151] When there is high resistance in an output wiring
from a driver IC that drives a liquid crystal display device,
it causes shortage of voltage to be applied to the transparent
common electrode group 4 and transparent segment elec-
trode group 10 in the display area 3, making it impossible to
obtain a stable display.

[0152] Therefore, in the liquid crystal display device S6 of
this embodiment, wiring patterns 5 and 9 are formed by
using aluminum (Al) having resistance lower than that of
ITO.

[0153] The plan view of the liquid crystal display S6 is the
same as that shown in FIG. SA. Cross sectional views taken
along the line g-g in FIG. 5A are shown in FIGS. 8, 9A and
9B. FIG. 9A illustrates a case where the film thickness of Al
is large, and FIG. 9B illustrates a case where the film
thickness of Al is small.

[0154] At the conduction portion between substrates Q3,
the wiring pattern 5 which is made of Al and disposed on the
glass substrate 1 is connected to the wiring pattern 5' which
is made of ITO and formed beneath the sealing resin 7.

[0155] The wiring pattern §' is electrically connected to
the transparent common electrode group 4 on the glass
substrate 2 through conductive particles 14 contained in the
sealing resin 7.

[0156] In this liquid crystal display device S6, since a
metal layer with excellent electrical conductivity is
employed for the wiring patterns 5 and 9, shortage of voltage
applied to the transparent common electrode group 4 and the
transparent segment electrode group 10 does not arise.
Improved display stability is therefore obtained.

[0157] Now, a description is given to the thickness of the
metal layer used for the wiring patterns 5 and 9.

[0158] Fine granular spacers 45 are dispersed on an align-
ment film made of a synthetic resin, polyimide, that is
formed on the wiring patterns of the glass substrates 1 and
2. By these spacers 451 the gap between the glass substrates
1 and 2 is kept at a constant distance.

[0159] However, when the film thickness of Al or the like
for forming the wiring pattern on the glass substrate 1 is very
large in comparison to the thickness of ITO on the glass
substrate 1 or the thickness of ITO on the glass substrate 2,
it becomes very difficult to keep the gap between the glass
substrates 1 and 2 at a constant distance.

[0160] A case where the film thickness of Al is thick as
mentioned above is illustrated in FIG. 9A.

[0161] Forexample, it is assumed that the thickness of the
ITO film on the glass substrate 1 and the thickness of the
ITO film on the glass substrate 2 are both 2000 A and the
thickness of the Al metal layer is 10000 A.

[0162] At the section H shown in FIG. 9A where there is
the Al metal layer 5, when the spacers 45 are disposed in a
region where the gap between substrates is narrow, the
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substrates are distanced further at that specific region. This
causes the gap between substrates to be uneven, resulting in
an uneven display.

[0163] Contrary to this case, a case where the thickness of
Al film is the same as that of ITO film on the glass substrate
1 and that of ITO film on the glass substrate 2 is shown in
FIG. 9B.

[0164] According to this arrangement, since the thickness
of Al film is 2000 A, which is the same as those of ITO films
on the glass substrate 1 and the glass substrate 2, it is
possible to keep the gap between substrates in the display
area 3 and areas in the vicinity thereof at a constant distance.
As a result, a uniform display without unevenness can be
obtained.

EXAMPLE

[0165] The present inventors formed an ITO film with a
thickness of 2000 A on each of glass substrates 1 and 2, and
formed wiring patterns 5 and 9 by using an Al metal layer,
varying the thickness of the Al metal layer to various values
as shown in Table 1. Then, the display performance was
evaluated.

TABLE 1

Thickness of Al (A)

500 1000 2000 3000 4000

Ratio (to ITO 0.25 05 1 15 2
thickness)
Display A O ©® O A

unevenness

[0166] In Table 1, the thickness of the Al metal layer and
the ratio of the Al thickness to ITO thickness (Al thickness/
ITO thickness) of each sample are also shown. The display
performance is represented by display unevenness. Samples
that had no display unevenness observed and had excellent
display performance were marked by ©, and samples that
appeared to have some display unevenness but achieved
good display performance were marked by O.

[0167] Samples that had a little display unevenness and
had slightly deteriorated display performance were marked
by A, and samples that had obvious display unevenness were
marked by X.

[0168]  As is apparent from the Table 1, it is preferable that
the thickness of the Al metal layer is 1000 A-3000 A, and the
ratio of the Al film thickness to the ITO film thickness is
0.5-1.5.

[0169]

[0170] Inorder to obtain an even display in a liquid crystal
display device, it is important to minimize difference in
resistance among each output wire extending from the driver
IC to the transparent segment electrode group 10 that
consists of 3m electrodes. Also, it is important to minimize
difference in resistance among each output wire extending
from the driver IC to transparent common electrode group 4
that consists of n electrodes.

<Seventh Embodiment (Wiring Resistance)>

[0171] When difference in resistance is large in a wiring
pattern which leads to each transparent electrode, due to
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difference in voltage drop, voltage applied to each transpar-
ent electrode in the display area varies. Accordingly, an even
display cannot be obtained.

[0172] Therefore, a liquid crystal display device S7 of this
embodiment is arranged, in wiring patterns 5A and 5B
routed from the common-side terminal group 6 to the
transparent common electrode group 4, such that a differ-
ence in resistance among each wire is minimized by adjust-
ing the ratio between the area of ITO and the area of Al.

[0173] The adjustment of the ratio between the areas can
be performed, as later mentioned in the sixteenth embodi-
ment (light reflective electrode), by forming the wires using
ITO and forming an Al film thereon, then partially removing
the Al film such that the ratio between the areas becomes a
prescribed rate.

[0174] Now, an explanation 1s given referring to FIG.
10A. In the group of lines (wires) constituting the wiring
pattern SA that stands up vertically from the common-side
terminal group 6(1)-6(12") and bends horizontally toward the
sealing resin 7, the longest line is the first one. The lines are
shortened in steps through the way to the n’th one. In the
group of lines (wires) constituting the wiring pattern 5B that
stands up vertically from the common-side terminal group
6(n'+1)-6(n) and bends horizontally toward sealing resin 7,
the longest line is the (n'+1)th one. Here, however, the
(n'+1)th one is shorter than the n’th one. The shortest one is
the nth line.

[0175] Accordingly, if the wiring patterns 5A and 5B are
formed by using the same kind of metal film with the same
thickness, and with the same wiring width, resistance is
reduced in steps through the way from the first one to the nth
one. As a result, the difference in resistance between the first
one and the nth one is extremely large.

[0176] Therefore, this embodiment is arranged such that
when patterning is performed by lithography, with the
wiring width of each wire in the wiring patterns 5A and 5B
being fixed, the ratio of the area of ITO, which has greater
resistance than that of Al, to the area of Al is changed. In this
manner, difference in resistance across the wiring pattern is
reduced.

[0177] The first line of the wiring pattern 5 is formed
entirely of Al, and the nth line of the wiring pattern 5 is
formed entirely of ITO. From the second line of the wiring
pattern 5 through the (n-1)th line of the wiring pattern 5, the
ratio of the area of ITO to the area of Al is gradually
increased.

[0178] Although this embodiment is a case where Al and
ITO are mixed, the metal is not limited to Al, but may be
other ones that have lower resistance as compared with ITO.

EXAMPLE

[0179] FIG. 10A is a plan view of a liquid crystal display
device S7 of this embodiment. FIG. 10B is a right-side view
of the same.

[0180] FIG. 11 is a cross-sectional view taken along the
line j-j in FIG. 10A. In these drawings, parts corresponding
to those of the aforementioned liquid crystal display device
S1 are denoted by the same reference characters.

[0181] The size of the glass substrate 1 was 40 mm
(horizontal)x48 mm (vertical). The size of the glass sub-
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strate 2 is 40 mm (horizontal)x45.5 mm (vertical). The
number of pixels was 120x160.

[0182] One hundred and sixty transparent common elec-
trodes 4 are referred to in descending order as “the first
one-the 160th one”, and made correspondent to common-
side terminals 6. In the common-side terminals 6 on the right
side, the left most terminal is the first one. When the
terminals are counted in left-to-right order, the right most
terminal is the 80th one. In the common-side terminals 6 on
the left side, the right-most terminal is the 81st one. When
the terminals are counted in right-to-left order, the left-most
terminal is the 160th one.

[0183] Three hundred and sixty (120x3) transparent seg-
ment electrodes 10 are referred to in right-to-left order as
“the first one-the 360th one”, and made correspondent to
segment-side terminals 8. The right most terminal of the
segment-side terminals § is the first one. When the terminals
are counted in right-to-left order, the left most terminal is the
360th one.

[0184] The width D of each line of the wiring patterns SA
and 5B is uniformly 30 #m. In the lines in the wiring patterns
5A and 5B, the longest line is the fist one. The lines are
shortened 1n steps so that the 160th one is the shortest. The
first line (1) of the wiring pattern 5 is formed entirely of Al,
and the 160th line of the wiring pattern 5 is formed entirely
of ITO. From the second line (2) of the wiring pattern 5
through the 159th line of the wiring pattern 5, the ratio of the
area of ITO to the area of Al is gradually increased.

[0185] The structure will be further described in detail
referring to FIG. 11.

[0186] On a glass substrate 1, a wiring pattern 5 formed of
a Al film and transparent segment electrode group 10 made
of ITO are formed, and an alignment film 24 made of
polyimide is formed on top of them.

[0187] On a glass substrate 2, a color filter 46 constituted
of resist resins R, G and B is formed. On the color filter 46,
an overcoat made of an insulator such as synthetic resin or
silica is provided, on which a transparent common electrode
group 4 is formed. An alignment film 23 made of polyimide
is formed on top of them.

[0188] The side faces between the glass substrates 1 and 2
are surrounded by a sealing resin 7, and a liquid crystal 12
is injected into the inside of the surrounded portion. Also,
spacers 45 for keeping the gap between the substrates at a
constant distance are dispersed between the substrates. The
thicknesses of the Al film and ITO film are both 2000 A.

[0189] The present inventors varied the structure of the
wiring pattern 5 consisting of 160 lines in three ways: wiring
patterns 5 formed entirely of ITO; wiring pattern 5 formed
entirely of Al; and wiring pattern 5 in which the ratio
between the area of ITO and the area of Al is adjusted. In
each case, the maximum resistance (RMAX.) of the first line
and the minimum resistance (RMIN.) of the 160th line were
measured. Furthermore, display unevenness was evaluated
for each case. The obtained results are shown in Table 2. The
resistances are indicated in ohm (Q).
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[0190] Meanwhile, the sheet resistances are as follows:
[0191] ITO: 10 ohm/sq. (Film thickness 2000 A)
[0192] Al: 0.4 ohm/sq. (Film thickness 2000 A)

TABLE 2
All formed All formed Al and ITO

of Al of ITO mixed
Resistance of 1st 1500 10000 1500
one RMAX.
Resistance of 900 1400 1400
160th one RMIN.
Difference in 600 8600 100
resistance
RMAX. - RMIN.
Display O X @

unevenness

[0193] As is apparent from Table 2, display unevenness
was eliminated by the resistance adjustment performed in
this example.

[0194] <Eighth Embodiment (Light-Shielding Film)>.

[0195] In this liquid crystal display device S8, as shown in
FIG. 12, the light-shielding film J is formed on the glass
substrate 2 in a region opposed to the wiring pattern 5 on the
glass substrate 1. Because of the light-shielding film J, the
periphery of the display area 3 is made sharp and clear with
improved visibility.

[0196] The use of the light-shielding film J is preferred
especially when the wiring pattern 5 is formed of a metal
material, since reflected light from it can be blocked by this
light-shielding film J.

[0197] Itis also possible to surround the periphery of the
display area 3 by the light-shielding film J, which gives the
liquid crystal display device a good appearance and
enhanced visual attraction. More desirably, the light-shield-
ing film J is provided in areas from the periphery of display
area 3 to the vicinity of the region beneath the seal.

[0198] A reflective type liquid crystal display device S8
and a transflective type liquid crystal display device S8 are
now described referring to FIG. 12.

[0199] In a reflective type device and in a transflective
type device as well, a retardation film (not shown) made of
polycarbonate or the like and a polarizing film (not shown)
made of iodine-based material are successively stacked on
the outer surface of the glass substrate 2, and are attached
thereto with an adhesive composed of acryl-based material.

[0200] In the case of a trasflective device, a retardation
film made of polycarbonate or the like and a polarizing film
made of iodine-based material are successively stacked also
on the outer surface of the glass substrate 1, and a backlight
is disposed under the glass substrate 1.

[0201] Segment electrodes 10 and an alignment film 24
made of polyimide that has been rubbed in one direction are
successively formed on the glass substrate 1. Incidentally, it
is also possible to interpose an insulating film composed of
Si0,, or the like between the segment electrodes 10 and the
alignment film 24.

[0202] These segment electrodes 10 are formed using the
same metal layer as the wiring pattern 5. For example, metal
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materials with good conductivity such as aluminum (Al),
aluminum alloys (e.g. Cr in Al), silver (Ag) and silver alloys
may be used.

[0203] When a reflective type is intended, the thickness of
the metal layer is about 800 A-1500 A, preferably, about
1000 A-1500 A. The thickness of the Al film may be selected
taking uniformity of the gap between substrates into con-
sideration from the range of 800 A-1500 A. In the case of a
transflective type device, the thickness may be selected from
the range of 50 A-900 A, depending on the desired trans-
mittance and reflectance.

[0204] Since the segment electrodes 10 and the wiring
pattern 5 are both formed using a metal film, both of them
can be simultaneously formed, thereby the manufacturing
cost is reduced.

[0205] The internal surface of the glass substrate 2 is
provided with a color filter 46. A light-shielding film (not
shown) may be formed between each segment of the color
filter 46. The formation of this is carried out by a photoli-
thography process or the like in which after resist applica-
tion, sputtering and vacuum deposition are partially applied.
This light-shielding film is formed of a metal such as
aluminum, chromium, silver, an aluminum alloy or silver
alloy, or a synthetic resin in which a black material such as
carbon black or the like is mixed, or another light-imper-
meable synthetic resin.

[0206] When this light-shielding film is formed by using a
metal film or photoresist, the light-shielding film J is formed
on the internal surface of the glass substrate 2 at the same
time. This allows the light-shielding film J to be formed
simultaneously with the formation of the color filter.
Accordingly, the light-shielding film J can be formed with-
out any additional process. The production cost is therefore
reduced.

[0207] The color filter 46 is covered with an overcoat layer
55 composed of SiO, or resin, on which common electrodes
4 and an alignment film 23 made of polyimide that has been
rubbed in one direction are successively formed. These
common electrodes 4 are arranged perpendicular to the
segment electrodes 10. Meanwhile, it is also possible to
provide an insulating layer composed of SiO, or the like
between the common electrodes 4 and the alignment film 23.

[0208] The segment electrodes 10 may either be specular
reflection type or diffuse reflection type. When diffuse
reflection type segment electrodes 10 are formed, a rugged
surface is first prepared by using resin and a metal film is
formed thereon.

[0209] The color filter 46 above is formed by a pigment
dispersion process, that is, a photoresist that has been
preliminarily prepared with pigments (red, green, blue and
s0 on) dispersed therein is applied to the substrate, and then
photolithography is performed.

[0210] The glass substrates 1 and 2 that have been pre-
pared in the above manner are bonded together by sealing
resin 7 with liquid crystal 12 made of, for example, a chiral
nematic liquid crystal that has been twisted 200-270 degrees
of angle interposed therebetween. Furthermore, between the
both glass substrates 1 and 2, a large number of spacers (not
shown) for keeping the thickness of the liquid crystal 12
uniform are provided.
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[0211] In the liquid crystal display device S8 arranged in
the above-described manner, when it is a light-reflective
type, irradiating light from external light sources such as the
sun and fluorescent light passes through the retardation film
and polarizing film, penetrates the color filter 46 to reach the
segment electrodes 10, where it is reflected and passes
through the retardation film and polarizing film, and then is
emitted.

[0212] When the liquid crystal display device S8 is a
transflective type, it works in the same way as the reflective
type when used in a reflection mode. When it is used in a
transmissive mode, irradiating light from the backlight
passes through the polarizing film, retardation film, glass
substrate 1, liquid crystal 12, glass substrate 2, retardation
film, and polarizing film, and then the light is emitted.

[0213] As mentioned above, since the segment electrodes
10 and the wiring pattern 5 are both formed using the same
metal film, these can be formed simultaneously by a thin-
film forming process such as sputtering. The production cost
can therefore be reduced.

[0214] Meanwhile, in the liquid crystal display device
with the above-described structure, it is also possible to form
the segment electrodes 10 by using ITO and a metal.

[0215] <Ninth Embodiment (Conduction Between Sub-
strates)>
[0216] FIG. 13A is a plan view of a liquid crystal display

device S9 and FIG. 13B is a right-side view of the same.
FIG. 14 is a cross-sectional view taken along the line a-a in
FIG. 13A, and FIG. 15 is a cross-sectional view taken along
the line b-b in FIG. 13A.

[0217] In this liquid crystal display device S9, the sub-
strate 1 formed with the transparent segment electrode group
10 and the substrate 2 formed with the transparent common
electrode group 4 are opposed to each other and joined
together via the sealing resin 7. The liquid crystal material
12 is injected into the inside from the injection inlet 13 that
is thereafter sealed by the sealing resin 11.

[0218] The transparent segment electrode group 10 and
the transparent common electrode group 4 are both trans-
parent electrodes aligned in a striped manner and arranged
so that they intersect perpendicular to each other. The area
where they intersect perpendicular to each other forms the
rectangularly shaped display area 3.

[0219] At the lower side on the transparent substrate 1,
there are formed the segment connection terminal group 8
and the common connection terminal group 6 which is
separated into two blocks sandwiching the segment connec-
tion terminal group 8.

[0220] TCP (Tape Carrier Package) or COF (Chip-on
Film) in which a driver IC is incorporated will be connected
to the connection terminal groups 8, 6.

[0221] The segment connection terminal group 8 (1-3m)
passes through a lower side portion of the sealing resin 7 and
is connected to the transparent segment electrode group
10(1-3m) made of ITO through the wiring pattern 9.

[0222] On the other hand, the connection between the
transparent common electrode group 4 and the common
connection terminal group 6 is arranged as follows.
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[0223] The transparent common electrode group 4 is
divided into a first electrode group and second electrode

group.

[0224] In this example, the first electrode group is further
divided into blocks I and II1, and the second electrode group
is divided into blocks I, and W.

[0225] Then, as shown in FIG. 13A, blocks 1, II are
connected to the wiring patterns 5A, 5B disposed on the
right side of the display area, while blocks III, IV are
connected to the wiring patterns 5C, 5D disposed on the left
side of the display area.

[0226] The number of the entire transparent common
electrodes 4 is N. The transparent common electrodes in
block I are indicated as 4(1)-4(n), the transparent common
electrodes in block II are indicated as 4(n+1)-4(n'), the
transparent common electrodes in block IIT are indicated as
4(n'+1)-4(n"), and the transparent common electrodes in
block IV are indicated as 4(n"+1)-4(N). In the right and left
sides of the sealing resin 7, conduction portions between
substrates Q13, Q14 are provided. In the lower side of the
sealing resin 7, there are provided conduction portions
between substrates Q15, Q16. The wiring patterns 5A, 5C in
blocks I, III are connected to the conduction portions
between the substrates Q13, Q14. The wiring patterns 5B,
5D in blocks II, IV are connected to the conduction portions
between the substrates Q15, Q16.

[0227] First, blocks I, I are described.

[0228] InFIG.13A, a part of the right-side block (1st-nth)
of the common connection terminal group 6 made of ITO is
extended upward on the glass substrate 1. This extended
portion is referred to as the wiring pattern SA (1st-nth). The
wiring pattern 5A is bent rightward and at the conduction
portion between substrate Q13, it is connected to a wiring
pattern extended from the transparent common electrode
group 4(1)-4(x) in block I on the transparent substrate 2
through the conductive particles 14 in the sealing resin 7.

[0229] On the other hand, the rest of the terminals 6(n+
1)-6(r") in the right-side block of the common connection
terminal group 6 are connected to the wiring pattern 5B(n+
1)-5B(n") on the transparent substrate 2 at the conduction
portion between substrate Q15. The wiring pattern 5B(n+
1)-5B(n'") on the transparent substrate 2 is extended upward
on the transparent substrate 2 as in FIG. 13A and bent
leftward to be connected to block 11 (n+1)-(n) of the
transparent electrode group 4.

[0230] Block III, W are described as follows.

[0231] A part of the left-side block (n'+1)-(n") of the
common connection terminal group 6 made of ITO is
connected to the wiring pattern 5C(n'+1)-5C(n"), and
extended upward on the glass substrate 1 as in FIG. 13A and
bent leftward to be connected to a wiring pattern that is
extended from block III (n'+1)-(n") of the transparent com-
mon electrode group 4 on the transparent substrate 2.

[0232] The rest (n"+1)«(N) of the terminals in the left-side
block of the common connection terminal group 6 are
electrically connected to the wiring pattern 5D (n"+1)-
SD(N) on the transparent substrate 2 at the conduction
portion between substrates Q16, and extended upward and
bent rightward to be connected to block IV (n"+1)-(N) of the
transparent common electrode group 4.
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[0233] Referring to the structure of the cross section of the
liquid crystal display device S9 shown in FIG. 14, the
wiring pattern 5A on the transparent substrate 1 is electri-
cally connected to the transparent common electrode group
4 on the transparent substrate 2 through the scaling resin 7
containing conductive particles 14. In the display area 3,
alignment films 16, 17 made of polyimide are formed on the
transparent common electrode group 4 and transparent seg-
ment electrode group 10, respectively. Spacers 45 for keep-
ing the gap at a constant distance are disposed between the
alignment films 16, 17.

[0234] In FIG. 15 including the conduction portion
between the substrates Q18, the common connection termi-
nal group 6 on the transparent substrate 1 is connected to the
wiring pattern 5B on the transparent substrate 2 through the
sealing resin 7 containing conductive particles 14.

[0235] As described so far, in the liquid crystal display
device S9 according to this invention, the wiring patterns
5A, 5B to which blocks I, 1 of the transparent common
electrode group 4 are connected are formed on the opposed
glass substrates 1 and 2, respectively. Accordingly, the
distance between the display area 3 and the sealing resin 7
can be narrowed, thereby accomplishing downsizing of the
liquid crystal display device.

[0236] Similarly to the above manner, the wiring patterns
5C, 5D to which blocks III, IV of the transparent common
electrode group 4 are connected are vertically overlapped
each other, allowing the distance between the display area 3
and the sealing resin 7 to be narrowed, thereby accomplish-
ing downsizing of the device.

[0237] Meanwhile, in this embodiment, the transparent
common electrode group 4 is divided into the first and
second electrode groups which are further divided into
blocks I, I1T and blocks II, IV, respectively. Instead of this
arrangement, it is possible not to further divide the first and
second electrode groups into blocks, or to divide each of the

first and second electrode groups into three, four, or more
blocks.

[0238] In addition, although the conduction portions
between substrates are provided within the sealing resin 7 in
this embodiment, the conduction portions between the sub-
strates may be provided between the sealing resin 7 and the
display area 3.

EXAMPLE

[0239] An example of the liquid crystal display device S9
is now described referring to FIG. 16.

[0240] FIG. 16 is a plan view of the liquid crystal display
device S9. The number of pixels of the display area 3 is
(120xRGB)x160 dots, and the pixel pitch is 0.08 mmx0.24
mm.

[0241] The segment connection terminal group 8 (Ist-
360th) is connected to the transparent segment electrodes 10
(1st-360th) through the wiring pattern 9. Forty terminals
(1st-40th) in the right-side block of the common connection
terminal group 6 are connected to the wiring pattern A,
extended and bent rightward to be connected to a wiring
pattern that is extended from the 1st-40th electrodes of the
transparent common electrode group 4 on the transparent

Feb. 3, 2005

substrate 2 at the conduction portion between the substrates
Q13 through conductive particles in the sealing resin 7.

[0242] The rest (41st-80th) of the terminals in the right-
side block of the common connection terminal group 6 are
electrically connected at the conduction portion between the
substrates Q15 to the wiring pattern 5B on the transparent
substrate 2, and extended and bent leftward to be connected
to the 41st-80th electrodes of the transparent common
electrode group 4.

[0243] On the other hand, forty terminals (81st-120th) in
the left-side block of the common connection terminal group
6 are clectrically connected to the wiring pattern 5C,
extended and bent leftward to be electrically connected at
the conduction portion between substrates Q4 through con-
ductive particles inside the sealing resin 7 to a wiring pattern
that is extended form the 81st-120th electrodes of the
transparent common electrode group 4 on the transparent
substrate 2.

[0244] The rest (121st-160th) of the terminals in the
left-side block of the common connection terminal group 6
are electrically connected to the wiring pattern 5D on the
transparent substrate 2 through the conduction portion
between the substrates Q16, extended and bent rightward to
be connected to the 121st-160th electrodes of the transparent
common electrode group 4.

[0245] According to the above arrangement, the size of the
area for routing the wiring patterns 5, which permits 40
wires with 0.05 m pitches to pass through, is 0.5 mmx40=2
mm. The width of the sealing resin 7 is 1.5 mm, the size of
the display area is: 0.08 mm pitchx360=28.8 mm. Accord-
ingly, the horizontal size of the liquid crystal display device
is given as follows:

2x2 mm+2x1.5 mm+28.8 mm=35.8 mm

[0246] However, in the liquid crystal display device S3
shown in FIG. 5A, given the number of transparent common
electrodes 4 being 160, in order to allow the wiring patterns
5A, 5B each comprising 80 wires to pass through the right
and left areas, respectively, on the display area, the neces-
sary width is 0.05 mmx80=4 mm.

[0247] In comparison with this, arcas of both of the
transparent substrates 1, 2 can be used for routing the wiring
patterns 5 by providing 40 wires to each of the routing areas.
A width of 2 mm, given by 0.05 mmx40, is adequate for the
routing area in the liquid crystal display device S9 according
to this invention.

[0248] As discussed so far, the liquid crystal display
device according to this invention is capable of greatly
reducing the sizes of the right and left side areas outside the
display area. Accordingly, this device was able to make the
display area larger than those of other liquid crystal display
devices having the same external configuration as this
device. The results of the comparison are shown in Table 3.

TABLE 3
Horizontal
size of
witing Horizontal size Horizontal size
pattern of display area of LCD
LCD S9 2 mm 28.8 mm 35.8 mm
LCD S3 4 mm 24.8 mm 35.8 mm
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[0249] <Tenth Embodiment (Dummy Pattern)>

[0250] FIG. 17A is a plan view of a liquid crystal display
device S10, and FIG. 17B is a right-side view of the same.
FIG. 18 is a cross-sectional view taken along the line d-d in
FIG. 17A, and FIG. 19 is a cross-sectional view taken along
the line e-¢ in FIG. 17A.

[0251] On the glass substrate 2, the transparent common
electrode group 4 consisting of n electrodes that are made of
ITO and the alignment film 23 for aligning the liquid crystal
12 are successively formed. On the other glass substrate 1,
the transparent segment electrode group 10 made of ITO and
the alignment film 24 are successively formed. Spacers 45
are dispersed between the alignment films 23, 24.

[0252] The number of the transparent segment electrodes
10 and the number of the segment-side terminals 8§ are both
3m, and the number of the transparent common electrodes 4
and the number of the common-side terminals 6 are both n.
However they are partly omitted in the drawings.

[0253] The area where the transparent common electrode
group 4 and transparent segment electrode group 10 cross
each other forms a display area 3.

[0254] Further outside the display area 3, the sealing resin
7 containing conductive particles 14 is provided so as to
surround the display area 3. The glass substrates 1 and 2 are
bonded together with the sealing resin 7, and the internal
space between them is filled with the liquid crystal 12 by
injecting it through the injection inlet 13. Then, it is sealed
with the sealing resin 11.

[0255] As shown in FIG. 17A, the common-side terminal
group 6 and segment-side terminal group 8 made of ITO or
the like are juxtaposed to each other on the lower side edge
of the glass substrate 1.

[0256] The display area 3 is separated vertically into
blocks I and II. The transparent common electrodes 4 in
block I and the transparent common electrodes 4 in block 11
are drawn to the right side and the left side, respectively, and
extended to conduction portions between substrates Q17 and
Q18, respectively. The conduction portions between sub-
strates Q17, Q18 are provided for electrically connecting
each of the wirings in the glass substrates 1, 2 with each
other. In this embodiment, a sealing resin 7 containing
conductive particles 14 is employed for the conduction
portions as shown in FIG. 18.

[0257] Through the conduction portions between sub-
strates Q17, Q18 arranged in the above-manner, the trans-
parent common electrode group 4 is connected to the
common-side terminal group 6, being extended from the
wiring pattern 5 on the glass substrate 1.

[0258] The liquid crystal display device S10 according to
the present invention is characterized in that it is provided
with dummy patterns for making image display even. This
is described referring to FIG. 19 showing a cross sectional
structure of the liquid crystal display device S10.

[0259] At a region on the glass substrate 1 where the
sealing resin 7 is provided, a transparent dummy member
27, which is made of the same material as that of the
transparent segment electrode group 10 and has the same
thickness, is attached to the substrate.
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[0260] The wiring pattern 9 is formed on the glass sub-
strate 1 between the display area 3 and the sealing resin 7.
In a region on the glass substrate 2 which is opposed to the
wiring pattern 9, another dummy pattern 22 is formed.

[0261] Also, in a region on the glass substrate 2 which is
opposed to a wiring pattern 5 that is formed being connected
to the transparent common electrode group 4, another
dummy pattern 33 is formed. The regions on the glass
substrates 1, 2 between the display area 3 and the sealing
resin 7 where the above-mentioned wiring patterns 5, 9 are
not formed are provided with dummy patterns 31, 32,
respectively.

[0262] By these dummy patterns 27, 22, 33, 31, 32, the
thickness of the liquid crystal 12 is made uniform through-
out the display area 3.

[0263] This liquid crystal display device S10 and the
liquid crystal display device S3 in FIG. SA are compared in
size. In both of these devices, the values are set as follows:

[0264] Pixel Pitch: Horizontal 0.08 mmx3 (R,G,B),
Vertical 0.24 mm

[0265] Number of Pixels: 120x160

[0266] Wiring pitch of segment-side terminal group 8:
0.06 mm

[0267] Wiring Pitch of common-side terminal group 6:
0.06 mm.

[0268] The size of the glass substrate 1 of the liquid crystal
display device S3 in FIG. 5A was 40 mmx48 mm. In
comparison, the size of the glass substrate 1 of the liquid
crystal display device S10 in this example was as small as
40 mmx45-46 mm.

[0269] In addition, according to the liquid crystal display
device S10 arranged as above, it was possible to perform
illumination tests without securing TCP or COP to the
device by pressure.

[0270] <Eleventh Embodiment (Dummy Pattern, Metal
Wiring)>
[0271] FIG. 20A is a plan view of a liquid crystal display

device S11, and FIG. 20B is a right-side view of the same.
FIG. 21 is a cross-sectional view taken along the line f-f in
FIG. 20A, and FIG. 22 is a cross-sectional view taken along
the line g-g in FIG. 20A. FIG. 23 is an enlarged view of the
essential part A in FIG. 22.

[0272] In the aforementioned embodiments S1—S10, the
wiring patterns 5 and 9 are formed by using I'TO. Instead of
ITO, a metal layer with good conductivity such as a layer
made of aluminum (Al), an aluminum alloy, silver (Ag), or
a silver alloy is employed in this embodiment.

[0273] When there is high resistance in an output wiring
from a driver IC, it causes shortage of voltage to be applied
to transparent common electrode group 4 and transparent
segment electrode group 10 in display area 3, which makes
it impossible to obtain a stable display. Therefore, in this
embodiment, wiring patterns are formed by using a metal
layer having resistance lower than that of ITO.

[0274] 1In FIG. 20A, a case where wiring patterns 5, 9 are
formed using aluminum (Al) is shown. The wiring patterns
are hatched in FIG. 20A.
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[0275] As shown in FIG. 22, the wiring pattern 9 made of
Al is formed on the glass substrate 1 between the display
area 3 and the sealing resin 7. In a region on the glass
substrate 2 opposite to the wiring pattern 9, a dummy pattern
22 is formed.

[0276] Likewise, the wiring pattern 5 made of Al is formed
as shown in FIG. 20A. In a region on the glass substrate 2
opposite to the wiring pattern 5, another dummy pattern 33
is formed.

[0277] In the same way as in the previous liquid crystal
display device S10, also in this liquid crystal display device
S11, the thickness of the liquid crystal 12 could be further
uniformized throughout the display area 3 by forming
dummy patterns.

[0278] In addition, by employing a metal with good con-
ductivity for the wiring patterns 5 and 9, shortage of voltage
to be applied to the transparent common electrode group 4
and transparent segment electrode group 10 does not arise so
that a stable display without unevenness could be obtained.

[0279] <Twelfth Embodiment (Dummy Pattern, Metal
Wiring)>
[0280] This embodiment is represented by a liquid crystal

display device S12 in which the liquid crystal display device
S11 is further improved to eliminate display unevenness.

[0281] FIG. 24A is a plan view of the liquid crystal
display device S12, and FIG. 24B is a right-side view of the
same. FIG. 25 is a cross-sectional view taken from the line
h-h in FIG. 24A. FIG. 26 is an enlarged view of the
essential part B in FIG. 25.

[0282] In the previous liquid crystal display device S11, as
shown i FIG., 22, the wiring pattern 9 made of Al is
provided so as to be connected to both of the edges of the
segment-side terminal group 8 and transparent segment
electrode group 10. The wiring pattern 9 overlaps the edges
of segment-side terminal group 8 and transparent segment
electrode group 10.

[0283] For this reason, the wiring pattern 9 has an irregular
shape. Since the dummy pattern 22 opposed to this wiring
pattern 9 has a flat surface as shown in FIG. 23, the liquid
crystal in this portion does not have an even thickness.
Accordingly, spacers 45 are prone to be caught in this
portion causing display unevenness to occur in the liquid
crystal display device for which a highly fine and precise
display is required.

[0284] In the liquid crystal display device S12 of this
embodiment, as shown in FIGS. 25, 26, a dummy pattern 49
with a protruded shape is formed on the glass substrate 2 in
a region opposed to the recessed portion of the wiring
pattern 9 on the glass substrate 1.

[0285] By this arrangement, the device is given a structure
suitable for a highly fine, precise display and capable of
further uniformizing the thickness of the liquid crystal 12
throughout the display area 3 as compared with the liquid
crystal display device S2 above.

[0286] The description above is for the wiring pattern 9
drawn from the transparent segment electrode group 10.
Regarding the other electrodes, transparent common elec-
trode group 4, a wiring pattern 5 made of Al is provided so
that it overlaps the edge of common-side terminal group 6.

Feb. 3, 2005

A dummy pattern 47 (See FIG. 244) is formed on the glass
substrate 2 so as to correspond to the irregular shape of the
wiring pattern 5 on the glass substrate 1. This arrangement
makes it possible to further uniformize the thickness of the
liquid crystal 12 throughout the display area 3.

[0287] Incidentally, the present invention is not limited to
the above-described embodiments. For example, although
the display area is divided into blocks I and II in this
embodiment, the arrangement may be such that the display
area is not divided at all, or the display area is divided into
three or more blocks, or the connection terminal groups 6,8
are formed not only on one side portion of the substrate but
also on another side of the substrate in the same manner.

[0288] <Thirteenth Embodiment (Prevention of static
Electricity)>
[0289] FIG. 27 is a cross-sectional view of a liquid crystal

display device S13. The plan view of this liquid crystal
display device is identical to the one shown in FIG. 1A.
FIG. 27 is a cross-sectional view taken along the line e-¢ in
FIG. 1A.

[0290] This liquid crystal display device S13 is character-
ized in that edges H of a transparent common electrode
group 4 and a wiring pattern 5 are kept within a sealing resin
7 of a conduction portion between the substrates Q1.

[0291] Usually, the edges of the transparent common
electrode group 4 and wiring pattern 5 are extended to the
outside of the sealing resin 7 (See FIG. 2). In terms of
manufacturing, this arrangement is intended to enhance the
conductivity between the transparent common electrode
group 4 and the conduction portion between substrate Q1,
thereby improving the reliability.

[0292] However, on the other hand, such an arrangement
creates portions that stick out of the sealing resin 7. The gap
between the glass substrates 1, 2 is about 4-6 um. When
there is static electricity near the periphery of the liquid
crystal display device, the static electricity gets into the
transparent common electrode group 4 and wiring pattern §
from the gap between the glass substrates 1, 2. Due to this
phenomenon, it is often the case that the driver IC mounted
on the glass substrate 1 is destroyed by the static electricity.

[0293] Contrary to the above case, since the edges H of the
transparent common electrode group 4 and wiring pattern 5
are disposed within the sealing resin 7 according to this
invention, even if there is static electricity near the periphery
of the liquid crystal display device, the static electricity is
prevented from getting into the transparent common elec-
trode group 4 and wiring pattern 5 from the gap between the
glass substrates 1,2. The driver IC is therefore prevented
from destruction by the static electricity.

[0294] FIG. 28 shows a cross section of another liquid
crystal display device S13-2 according to this embodiment.
The plan view of this liquid crystal display device S13-2 is
identical to the one shown in FIG. 3A. FIG. 28 is a
cross-sectional view taken along the line f-f in FIG. 3A.

[0295] Also, in this liquid crystal display device S13-2, the
edges H of the transparent common electrode group 4 and
wiring pattern 5 are disposed within the sealing resin 7.
Accordingly, even if there is static electricity near the
periphery of the liquid crystal display device, the static
electricity is prevented from getting into the transparent
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common electrode group 4 and wiring pattern 5 from the gap
between the glass substrates 1,2. The driver IC is therefore
prevented from destruction by the static electricity.

[0296] The wiring arrangement for prevention of static
electricity described above is applicable not only to the
liquid crystal display devices shown in FIGS. 1A and 3A,
but also to the conduction portions between substrates in
cach of the devices shown in FIGS. 5A, 6A, 7A, 10A, 13A,
16, 17A, 20A, and 24A.

[0297]
Pattern)>

[0298] Aliquid crystal display device is incorporated into
a portable terminal or display equipment.

[0299] As shown in FIG. 29, the display area 3 of a liquid
crystal display device is located in a window frame 33 of the
portable terminal or display equipment in which the liquid
crystal display device is incorporated.

[0300] In the liquid crystal display devices S1-S13
described above, the area 35 in which the wiring pattern 5
is routed between the display area 3 and the window frame
33 can be seen from the display surface. Because colors and
visions in this area 35 appear differently from those in other
areas, the display is hard to reach a stable state within this
window frame 33.

[0301] Accordingly, the configuration of the area 35 for
routing the wiring pattern 5 affects the exterior design of the
product so that the original exterior design is subject to
changes.

[0302] Now, a liquid crystal display device S14 in which
homogeneity in color and texture is realized in the area

between the display area 3 and the window frame 33 is
described.

[0303] FIG. 30A is a plan view of a liquid crystal display
device S14, and FIG. 30B is a right-side view of the same.
FIG. 31 is a cross-sectional view taken along the line a-a in
FIG. 30A.

[0304] The liquid crystal display device S14 according to
this invention is characterized by a dummy pattern for the
display window frame to improve the image display perfor-
mance, which is hereinafter described in detail.

[0305] In areas between the display area 3 and the sealing
resin 7 on the glass substrate 1 and other than the areas in
which the wiring pattern § is provided, dummy patterns for
display frame 18, 19, 20, 21, 22, 23 are formed in the manner
of covering the window frame of the device 33. In this
embodiment, each of these patterns is formed on the glass
substrate 1 using aluminum (Al) or an alloy thereof.

[0306] In FIG. 30A, the dummy pattern 21 is formed in
the upper left area of the display area 3, above the wiring
pattern 5B, and the dummy patterns 22, 23 are formed in the
upper area of the display area 3.

[0307] The dummy patters 18, 19, 20 are formed in the
lower area of the display area 3 where the wiring patterns 5,9
are not present.

[0308] In the liquid crystal display device S14 according
to this invention, because of the configuration of the routing
area 36 formed by the wiring patterns 5, 9 formed of a metal
film such as Al and the dummy patterns for display frame 18,

<Fourteenth Embodiment (Display Frame Dummy
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19, 20, 21, 22, 23 shown in FIG. 32, the color and texture
appear in a uniform condition in any of the areas between the
display area 3 and the window frame of the device 33.

[0309] Accordingly, the wiring patterns of the liquid erys-
tal display device will not adversely effect the external
design of the device.

[0310] Now, other liquid crystal display devices S14-2 and
$14-3 are described referring to FIGS. 33A, 33B, 34A and
34B.

[0311] FIG. 33A is a plan view of the liquid crystal
display device S14-2, and FIG. 33B is a right-side view of
the same. The numerical values in FIG. 33A are indicated
in mm. In FIG. 33B, the numeral 34 denotes the display
surface of a glass substrate 1.

[0312] Within a sealing resin 7 on the glass substrate 1,
there are provided wiring patterns 5,9, and dummy patterns
for display frame 18, 19, 20, 21, 22, 23, each of which is
made of Al or the like.

[0313] The spacing S for the wiring patterns 5, 9 and the
spacing S for the dummy patterns for display frame are
preferably almost the same distance. For example, as shown
in FIG. 33A, when the spacing S for the wiring patterns 5,
9 is 0.01 mm, then the spacing S for the dummy patterns for
display frame should be 0.01 mm.

[0314] When the spacing S for the dummy patterns for
display frame is 0.02 mm, the configuration of the patterns
are partially viewed from the display surface, but it is in a
degree not inconveniencing practical use. However, when
the spacing S for the dummy patterns for display frame is as
great as 0.03 mm, the difference in display appearance
between the wiring pattern area and other areas becomes
noticeable, although it is in a degree not causing inconve-
nience for practical use.

[0315] Preferably, the spacing S for the wiring patterns 5,
9 and the spacing S for the dummy patterns for display frame
are both as small as possible so that differences in display
appearance caused by local differences in pattern configu-
ration are small, providing an uniform display appearance.

[0316] According to the present invention, each of the
both spacings S is 0.02 mm or less, preferably, 0.015 mm or
less, and optimally, it is 0.01 mm or less.

[0317] An explanation is now given to a liquid crystal
display device S14-3 shown in FIGS. 34A, 34B.

[0318] In this liquid crystal display device S14-3, the
(wiring width D)/(wiring pitch P) of wires that vertically or
obliquely extend in the wiring pattern 5 is

[0319]

[0320] and the (wiring width D)/(wiring pitch P) of wires
that horizontally extend in the wiring pattern 5 is

[0321]

[0322] In the dummy patterns for display frame, the
(dummy wiring width D)/(dummy wiring pitch P) of wires
that vertically or obliquely extend is

[0323]

0.02 mm/0.03 mm=0.666

0.15 mm/0.24 mm=0.625

0.02 mm/0.03 mm=0.666
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[0324] and the (dummy wiring width D)/(dummy wiring
pitch P) of wires that horizontally extend is

[0325] 0.15 mm/0.24 mm=0.625

[0326] When there are several wiring widths D and wiring
pitches P in a liquid crystal display device as this case, by
making the wiring pattern ratio i.e. (wiring width D)/(wiring
pitch P) and the dummy pattern ratio i.c. (dummy wiring
width D)/(dummy wiring pitch P) as identical as possible,
differences in display appearance caused by local differences
in pattern configuration become small so that the display
appearance becomes uniform.

[0327] The present inventors fabricated three types of
liquid crystal display devices having wiring pattern ratios A,
Al and dummy pattern ratios B, B' as shown in Table 4. The
greatest difference among the ratios was found for each of
the devices, and the display appearance was evaluated for
each of them. The results shown in Table 4 were obtained.

TABLE 4

1

[
[

Wiring 0.666 0.666 0.666
pattern ratio

(a)

Wiring 0.625 0.500 0.416
pattern ratio

(A)

Dummy pattern 0.666 0.666 0.666
ratio (B)

Dummy pattern 0.625 0.500 0.416
ratio (B')

Largest 0.041 0.166 0.250
difference

among the

ratios

Evenness in O A X
display

appearance

[0328] The device in which excellent appearance in terms
of display frame was obtained is marked by O, and the
device in which the pattern configuration was partially
observed in a degree not inconveniencing practical use is
marked by A. The device marked by X is one in which the
pattern configuration was noticeably observed, although it is
in a degree not inconveniencing practical use.

[0329] According to the experiments that the present
inventors repeatedly carried out, the preferred scattering
range of (wiring width D)/(wiring pitch P) ratios was within
+0.2, and more desirably, within +0.1 for both the wiring
patterns and dummy patterns.

[0330] In addition, it is preferable that the pattern con-
figurations of both the wiring patterns and dummy patterns
are the same or similar, and that (dummy wiring width
D)/(dummy wiring pitch P) is within +0.2 range, or more
desirably, within 0.1 range of the mean distribution value
(Maximum value +Minimum value/2) of (wiring width
D)/(wiring pitch P).

[0331] Meanwhile, the present invention is not limited to
the above-described embodiments. For example, instead of
forming the dummy patterns for display frame on the glass
substrate 1 as in the above embodiments, dummy patterns
for display frame may be formed on the other glass substrate
2 opposite to the glass substrate 1.
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[0332] In addition, instead of using aluminum (Al) or an
aluminum alloy for forming the wiring patterns and dummy
patters for display frame, other metal materials such as silver
(Ag), titanium (Ti) and alloys thereof may also be used for
that purpose.

[0333]

[0334] In aliquid crystal display device, as shown in FIG.
35, it is preferable to form an insulating film 18 on the
transparent segment electrode group 10 and the wiring
pattern 5 on the glass substrate 1. The insulating film is
formed so as to cover a display area 3 and areas around it.

[0335] Now, this is further discussed. FIG. 36 shows a
conventional structure in which the insulating film 18 is not
formed on the transparent segment electrode group 10 and
wiring pattern 5. In the case of a device lacking the insu-
lating film 18, if a foreign object 40 having conductivity is
present between glass substrates 1, 2, it breaks alignment
films 37, 38, and through the broken portion, short-circuit
occurs between the transparent common electrode group 4
and transparent segment electrode group 10.

[0336] Contrary to this case, in the liquid crystal display
device shown in FIG. 35, application of the insulating film
18 prevents such short-circuit between substrates.

[0337] However, the insulating film 18 has been formed
only on the areas inside the sealing resin 7 shaped as a
rectangular frame. That is, there has been no insulating film
18 formed on the regions where wiring patterns 5, 9 pass
immediately below the sealing resin 7. For that reason, there
has been a problem that the wiring pattern 5 and the wiring
pattern 9 short-circuit through conductive particles 30 in the
sealing resin 7.

[0338] A liquid crystal display device S15 according to
this embodiment is provided to solve this problem.

[0339] FIG. 37A is a plan view of the liquid crystal
display device S15, and FIG. 37B is a right-side view of the
same. In this liquid crystal display device S15, the configu-
rations of the insulating film 18 and the wiring patterns 3, 9

are different from those in the liquid crystal device S3 in
FIG. 5A.

[0340] Hereinafter, mainly the components that differ in
structure from those of the liquid crystal display device S3
in FIG. 5A are described.

[0341] External to the display area 3, the scaling resin 7
containing conductive particles is provided so as to surround
the display area 3. Glass substrates 1 and 2 are bonded
together with the sealing resin 7, and the internal space
between them is filled with the liquid crystal 12 by injecting
it through the injection inlet 13. Then, it is sealed with the
resin 11.

[0342] In the lower area of the glass substrate 1 and
outside the lower side of the sealing resin 7, the common-
side terminal group 6 and segment-side terminal group 8 are
juxtaposed to each other. These common-side terminal
group 6 and segment-side terminal group 8 are connected to
the driver IC 15 by using an anisotropic conductive film or
the like. The reference characters Q3, Q4 denote conduction
portions between substrates.

<Fifteenth Embodiment (Insulating Film)>

[0343] Wiring patterns 5, 9 are arranged in the manner of
oblique lines through the lower side of the sealing resin 7.
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These wiring patterns 5, 9 are connected to the common-side
terminal group 6 and segment-side terminal group 8, respec-
tively.

[0344] Since the wiring patterns 5, 9 passing through the
sealing resin 7 are arranged obliquely to the direction in
which the sealing resin 7 extends, it is possible to reduce the
area for mounting the driver IC 15, thereby downsizing the
liquid crystal display device itself.

[0345] The insulating film 18 is made of silicon oxide
SiO,, silicon nitride SiN,, TiO,, ZrO,, ALO;, TaO;,
Nb,O;, Nb,O,, or the like. The insulating film 18 is formed
so as to cover the display area 3 and areas around it.

[0346] The insulating film 18 is extended to the lower side
of the sealing resin 7 shaped as a rectangular frame.

[0347] FIG. 38 is an enlarged plan view showing the
positional relationship between the wiring pattern 5, insu-
lating film 18 and sealing resin 7, which is a view enlarging
the part g in FIG. 37A. FIG. 39 is a cross-sectional view
taken along the line h-h in FIG. 38.

[0348] The arrangement is such that the sealing resin 7 is
provided on the wiring patterns 5, 9 via the insulating film
18.

[0349] By arranging the wiring patterns 5, 9 obliquely to
the direction in which the sealing resin 7 extends, the
spacing S for the wiring patterns §, 9 is reduced.

[0350] Without the insulating film 18, the conductive
particles 30 in the sealing resin 7 connect to one another,
causing short-circuit to occur among the wires in the wiring
pattern 5 and wiring pattern 9.

[0351] However, in this embodiment, because of the inter-
position of the insulating film 18, short-circuit does not
occur among the wires in the wiring pattern § and wiring
pattern 9, even when the conductive particles 30 in the
sealing resin 7 connect to one another.

[0352] Now, another Liquid crystal display device accord-
ing to this invention, S15-2 shown in FIGS. 40A, 40B is
described.

[0353] Inthe liquid crystal display device S15 in FIG. 37,
the insulating film 18 is extended to the sealing resin 7 in the
lower side. In such a case, the sealing resin 7 shaped as a
rectangular frame has portions in which the insulating film
18 is provided and portions in which the insulating film 18
is not provided. This causes the thickness to be uneven over
the whole sealing resin 7, sometimes failing to give the layer
of liquid crystal 12 a uniform thickness.

[0354] Therefore, in order to improve such a problem, the
insulating film 18 in the liquid crystal display device S15-2
is extended to the four sides of the sealing resin 7, except for
the areas beneath the conduction portions between substrates

Q3, Q4.

[0355] The most part of the sealing resin 7 is thus provided
with the insulating film 18, which makes unevenness in
thickness small or nil over the whole sealing resin 7. As a
result, a uniform thickness of the liquid crystal 12 can be
obtained.
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[0356] <Sixteenth Embodiment (Light-Reflective Elec-
trode)>

[0357] According to this embodiment, a segment electrode
group 10 is formed by using a light reflective material,
thereby producing a reflective-type or transflective-type
liquid crystal display device S16.

[0358] The transparent segment electrode group 10 has a
structure in which a transparent conductive film made of
ITO or the like and a light reflective layer made of a light
reflective material are laminated together.

[0359] As the light reflective material, there are such
metals as aluminum (Al), aluminum alloys, silver (Ag) and
silver alloys.

[0360] When aluminum (Al) is used as the light reflective
material, the structure is preferably a laminated ITO/Cr/Al
structure so as to enhance the adhesion with ITO. In this
case, the Cr/Al laminated layer serves as the metal light
reflective film.

[0361] Areflective-type and transflective-type liquid crys-
tal display devices S16 having segment electrode group 10
with the laminated structure above are hereinafter discussed
by the descriptions (a) and (b) below.

[0362] (a) Reflective-Type Liquid Crystal Display Device

[0363] Inthe case of a reflective-type liquid crystal display
device, the entire segment electrode group 10 is arranged to
have the ITO/Cr/Al laminated structure so that the segment
electrode group 10 serves as reflecting electrode, thereby
realizing a reflective-type liquid crystal display device.

[0364] In order to make this device completely reflective,
the Al film is formed vgith a thickness of 800 A or more, or
more desirably, 1000 A or more.

[0365] The Cr layer is formed to enhance the adhesion
between ITO and Al films, and the thickness of such a Cr
layer may be 300-500 A. Alternatively, a Cr layer may be
formed in order to enhance the adhesion with SiO, on the
glass substrate.

[0366] (b) Transflective-Type Liquid Crystal Display
Device
[0367] In the case of a transflective-type liquid crystal

display device, the segment electrode group 10 is formed
such that it is divided at every pixel into a reflecting area
(reflecting electrode) with the 1TO/Cr/Al laminated struc-
ture, and a transparent area (transparent electrode) with a
single I'TO structure, in which the Cr/Al portion within each
pixel is removed. The segment electrode group 10 is thus
formed with reflecting areas and transparent areas, thereby
realizing a transflective-type liquid crystal display device.

[0368] Meanwhile, the ratio between the area of the reflec-
tive area and that of the transparent area within one pixel
may be selected according to the desired characteristics in
terms of reflectivity and transparency. Examples of the
arrangement of the reflecting area and transparent area
within one pixel are shown in FIGS. 41A, 41B. FIG. 41A
shows an example with the reflecting area larger than the
transparent area, and FIG. 41B shows an example with the
transparent area larger than the reflecting area. The border-
lines between the reflecting area and the transparent area are
arranged in a direction horizontally crossing the segment
electrode.
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[0369] FIGS. 42A, 42B show other examples of the
arrangement of the reflecting area and the transparent area
within one pixel. In FIG. 42A, a rectangularly shaped
reflecting area is formed inside the transparent area. In FIG.
42B, a rectangularly shaped transparent area is formed
inside the reflecting area.

[0370] FIGS. 43A, 43B show other examples of the
arrangement of the reflecting area and transparent area
within one pixel. FIG. 43A shows an example with the
reflecting area larger than the transparent area, while FIG.
43B shows an example with the transparent area larger than
the reflecting area. The borderlines between the reflecting
area and transparent area are arranged in a direction verti-
cally crossing the segment electrode.

[0371] Meanwhile, the arrangement of the reflecting area
and transparent area is not limited to the arrangements in the
above-discussed examples.

[0372] The production process for the liquid crystal dis-
play device S16 in (a) and (b) above is as follows. A case
where Cr and Al are used as the metal material is described
here, but it is not limited to those metals.

[0373] (Process 1) ITO is formed on the whole surface of
a glass substrate. Through the processes of resist application,
exposure, and etching, transparent electrodes with a prede-
termined pattern is formed on a display area 3.

[0374] (Process 2) Over the entire pattern, Cr, Al films are
formed. For thicknesses of these films, the aforementioned
thicknesses are adopted.

[0375] (Process 3) The applied Cr, Al films are formed into
predetermined patterns by etching. At this stage, wiring
patterns 5, 9 are formed in a Cr/Al two-layer structure.

[0376] Inthe segment electrode group 10, areas having an
ITO/Cr/Al three-layer structure and areas having a single
ITO layer structure are formed. The areas having a single
ITO layer can be formed by removing Al and Cr by etching.

[0377] Through the manufacturing processes described so
far, a structure in which the wiring patterns are formed of
metal layers and the segment electrode group in the display
area is formed of ITO and metal layers is realized.

[0378] According to this production process, when the
metal layers are formed into the wiring patterns, the segment
electrode group in the display area can be formed simulta-
neously. Therefore, it does not cause the manufacturing
processes 1o increase.

[0379] <Seventeenth Embodiment (Transflective Type
Liquid Crystal Display Device>

[0380] An example in which a transflective type liquid
crystal display device S of this invention is incorporated in
display equipment is now described referring to FIG. 44.

[0381] A retardation film 59 made of polycarbonate or the
like and a polarizing film 60 made of iodine-based material
are successively stacked on the outer surface of a transparent
substrate 58 made of glass or the like, and are attached
thereto with an adhesive composed of acryl-based material.
A retardation film 62 made of polycarbonate or the like and
a polarizing film 63 made of iodine-based material are
successively stacked on the outer surface of a transparent
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substrate 61 made of glass or the like, and are bonded
together with an adhesive composed of an acryl-based
material.

[0382] Furthermore, a backlight 64 is provided under the
polarizing film 63. The backlight 64 comprises a light-
guiding plate 63, and a light source 66 such as cold cathode
fluorescent tube or LED provided at one end portion of the
light-guiding plate 65. Light from the light source 66 is
introduced in the light-guiding plate 65 where it is diffused
to be directed to the liquid crystal panel.

[0383] Segment electrodes 67 and an alignment film (not
shown) made of polyimide that has been rubbed in one
direction are successively formed on the inner surface of the
transparent substrate 58. Incidentally, it is also possible to
interpose an insulating film made of SiO, or the like between
the segment electrodes 67 and the alignment film.

[0384] On the upper surface of the transparent substrate
61, a transflective film 68 is formed, on which a color filter
69 is provided. It is also possible to form a thin film made
of metal such as aluminum or chromium, or a black matrix,
which is a light-shielding film formed by using a photoresist.

[0385] It is possible to form a light-shielding film J
simultaneously with the formation of the light-shielding film
made of a thin metal film or photoresist. Since this light-
shielding film can be formed by sputtering, vacuum depo-
sition, or a photolithography method after resist application
simultaneously with the formation of the color filter, no
additional manufacturing process is necessary. The manu-
facturing cost can therefore be reduced.

[0386] An overcoat layer 70 formed of SiO, or resin is
applied over the color filter 69, on which, common elec-
trodes 71 and an alignment film made of polyimide (not
shown) that has been rubbed in one direction are succes-
sively formed. The common electrodes 71 are arranged
perpendicular to the segment electrodes 67. It is also pos-
sible to interpose an insulating layer formed of SiO, or the
like between the common electrodes 71 and the alignment
film.

[0387] The transflective film 68 may be a thin film made
of a metal such as aluminum, chromium, a SUS alloy, an
aluminum alloy, a silver alloy, or the like.

[0388] The transflective film 68 has both reflectivity and
transparency and prevents phase difference from occurring
when interposed between the two polarizing films. The
surface of the transflective film 68 may have specularity or
smoothness, or diffusivity or irregularity. In order to form a
diffusive transflective film 68, an irregular film is formed
using resin and a transflective film is formed thereon.

[0389] The color filter 69 above is formed such that a
photoresist that has been preliminarily prepared with pig-
ments (red, green, blue) dispersed therein is applied to the
substrate, and then photolithography is performed.

[0390] The transparent substrates 58, 61 that have been
prepared in the above manner are bonded together by sealing
resin 73 with liquid crystal 12 made of, for example, a chiral
nematic liquid crystal that has been twisted 200-270 degrees
of angle interposed therebetween. Furthermore, between the
both transparent substrates 58, 61, a large number of spacers
74 for keeping the thickness of the liquid crystal 12 uniform
are provided.
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[0391] The liquid crystal display device S provided with
the transflective film 68 in the above manner may be used in
either a reflective-type mode or transparent-type mode.

[0392] When it is used in a reflective-type mode, irradi-
ating light from an external light source such as the sun or
a fluorescent lamp passes through the polarizing film 60,
retardation film 59, and liquid crystal 12 sequentially, while
the light incident on the inside of the liquid crystal 12
penetrates the color filter 69 to reach the transflective film
68. Then, the light is reflected from the transflective film 68,
again passes through the liquid crystal 12, retardation film
59, and polarizing film 60 to be emitted.

[0393] On the other hand, when it is used in a transparent-
type mode, irradiating light from the backlight 64 passes
through the polarizing film 63, retardation film 62, and the
transparent substrate 61 sequentially, then it passes through
the transflective film 68, penetrates the color filter 69, and
passes through the liquid crystal 12, retardation film 59, and
polarizing film 60 to be emitted.

[0394] Because of the transflective film 68 formed on the
transparent substrate 61, the reflectance is enhanced espe-
cially in the reflective mode, providing the display with
higher brightness. High contrast can be obtained in the
transparent mode. Therefore, the display quality can be
enhanced as high as a degree that satisfies the functions of
both the reflective mode and transparent mode. The panel
used in the reflective mode can be used in the transparent
mode as well with the conditions being unchanged. The
color display is clear and stable in both the reflective mode
and transparent mode.

[0395] In addition, when the transflective film 68 is
formed on the inner surface of the transparent substrate 61,
light does not pass through the transparent substrate 61 in the
reflective mode. Because of this, the phenomenon of double
image appearance caused by the transparent substrate 61
does not occur. Moreover, since the incident light and
reflected light both pass through the same pixels, deteriora-
tion in brightness and color purity is prevented. As the
thickness of the transflective film 68 increases, the light
transmittance becomes smaller and the light reflectivity
becomes larger. The thickness of the transflective film 68 is
determined based upon the difference in light absorption
coefficient among metals and the mode that is selected
between the reflective mode and transparent mode for
improvement of performance.

[0396] Normally, the thickness of the transflective film 68
is 50-500 A, and preferably, it is 100-400 A, which gives the
characteristics of a transflective-type: a reflectance of
30-70% and a transmittance of 5-50%.

[0397] For example, when the transflective film 68 is
formed of an aluminum thin film with a thickness of 250 A,
the reflectance is 65% and the transmittance is 15%.

[0398] When the liquid crystal display device S has a
transflective film 68 with specularity, a light-diffusive sheet
member may be further formed between the transparent
substrate 58 and retardation film 59 in the liquid crystal
panel.

[0399] One example of this light-diffusing sheet member
is IDS (Internal Diffusing Sheet) produced by DAI NIPPON
PRINTING CO., LTD. This sheet 1s made of resin in which
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beads and the like are contained. Alternatively, a flat sheet
whose surface is formed with irregularity that scatters light
may be used.

[0400] By providing such a light-diffusing sheet between
the transparent substrate 58 and retardation film 59, in a
reflective mode, light reflected by the transflective film 68 is
scattered in directions other than the specular reflection
direction by the light-diffusing sheet. This widens the view-
ing angle on the display, enlarging the viewable area thereof.

[0401] Meanwhile, the liquid crystal display device S
above isrealized as a transflective-type liquid crystal display
device by providing the transflective film 68 therein. How-
ever, alternatively, it is also possible to provide a reflective
film made of a metal such as aluminum, silver, an aluminum
alloy or silver alloy so as to make the liquid crystal display
device a reflective type.

[0402] The liquid crystal display device S above may be
arranged such that the segment electrode 67 is formed of
ITO and metal layers (See FIGS. 41-43). For the metal
layer, a metal material with good conductivity such as
aluminum, an aluminum alloy, silver (Ag) or a silver alloy
may be used. An Al-Cr alloy may be used as the aluminum
alloy. The thickness of the Al metal layer in the reflective
area may be selected between 800 Aand 1500 A, taking the
uniformity of the gap between the substrates into consider-
ation.

[0403] By employing metal films for forming both the
segment electrode group (ITO/Cr/Al) and wiring patterns,
the manufacturing cost can be reduced.

[0404]

[0405] A mobile phone 79 provided with the liquid crystal
display device S according to this invention is shown in
FIG. 45.

[0406] In this mobile phone 79, the liquid crystal display
device S is provided within a small size case 75. An antenna
76 for transmission/reception is provided at an upper part of
the case 75. In addition, a receiver 77 and a microphone 78
are provided on the front surface.

[0407] A portable terminal 81 in which the liquid crystal
display device S is provided within a small size case 80 is
shown in FIG. 46. This portable terminal 81 is used for
various purposes other than mobile phone 79. The applica-
tions are, for example, watches, calculators, game machines,
pedometers, GPS, POS, handy terminals, industrial instru-
ments and so on, but not limited to these examples.

[0408] By using the downsized liquid crystal display
device S in these mobile phone 79 and portable terminal 81,
the devices can be downsized as a whole.

[0409] The present invention is not limited to the embodi-
ments discussed above, but various modifications and
improvements may be made without departing from the
scope of the invention. For instance, a STN passive matrix-
type color liquid crystal display device has been used in the
aforementioned embodiments, like functions and effects can
be obtained when it is a bistable nematic passive matrix-type
liquid crystal display device, a STN passive matrix-type
monochrome liquid crystal display device, or a TN passive
matrix-type liquid crystal display device.

<Eighteenth Embodiment (Portable Terminal)>
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[0410] Also, a portable terminal has been taken as an
embodiment of the device provided with the liquid crystal
display device according to this invention, the liquid crystal
display device S may be used as the display device for other
display equipment. For example, it may be used as a display
panel in devices such as sewing machines, stereos, musical
instruments, videos, ATMs, duplicators, facsimiles, and for
display equipment in stations, restaurants and factories.

1-13. (canceled)
14. A liquid crystal display device comprising:

a first substrate having a segment electrode group and an
insulating film formed thereon;

a second substrate having a common electrode group
formed thereon;

a frame-shaped seal member for joining the fist and
second substrates together;

a liquid crystal layer filled between the first and second
substrates and 1nside the seal member;

a display area provided in an area where the segment
electrode group and the common electrode group are
opposed to each other;

a connection terminal group for segment electrode and a
connection terminal group for common electrode
which are formed on the first substrate and external to
one side portion of the seal member;

a wiring pattern formed on the first substrate such that it
extends from the connection terminal group for com-
mon electrode and passes through an area between
another side portion of the seal member and the display
area; and

a conduction portion between substrates which is dis-
posed within another side portion of the seal member or
between another side portion of the seal member and
the display area for electrically connecting the wiring
pattern and the common electrode group to each other,

wherein the seal member contains numerous conductive
particles, and the insulating film is extended to one side
portion of the seal member.

15. The liquid crystal display device according to claim
14, wherein the wiring pattern is passed through one side
portion of the seal member and arranged in an array of
oblique lines.

16. The liquid crystal display device according to claim
14, wherein a wiring pattern extending from the segment
electrode group is passed through one side portion of the seal
member and arranged in an array of oblique lines.

17. The liquid crystal display device according to claim
14, wherein the insulating film is further extended to another
side portion of the seal member.

Feb. 3, 2005

18-24. (canceled)

25. A portable terminal comprising the liquid crystal
display device of claim 14 provided therein.

26. Display equipment comprising the liquid crystal dis-
play device of claim 14 provided therein.

27. The liquid crystal display device according to claim
14, wherein alignment films are respectively formed on
boundary surface between the first substrate and the liquid
crystal layer and on boundary surface between the second
substrate and the liquid crystal layer.

28. The liquid crystal display device according to claim
27, wherein the alignment film is not formed on a portion
where the conduction portion between substrates is dis-
posed.

29. The liquid crystal display device according to claim
14, wherein the frame-shaped seal member is provided with
an injection inlet for injecting liquid crystal.

30. A liquid crystal display device comprising:

a first substrate having a segment electrode group and an
insulating film formed thereon;

a second substrate having a common electrode group
formed thereon;

a frame-shaped seal member for joining the first and
second substrates together, the seal member having an
injection inlet for injecting liquid crystal,

a liquid crystal layer filled between the first and second
substrates and inside the seal member;

a display area provided in an area where the segment
electrode group and the common electrode group are
opposed to each other;

a connection terminal group for segment electrode and a
connection terminal group for common electrode
which are formed on the first substrate and external to
one side portion of the seal member;

q wiring pattern formed on the first substrate such that it
extends from the connection terminal group for com-
mon electrode and passes through an area between
another side portion of the seal member and the display
area; and

a conduction portion between substrates which is dis-
posed within another side portion of the seal member or
between another side portion of the seal member and
the display area for electrically connecting the wiring
pattern and the common electrode group to each other,

wherein the seal member contains numerous conductive
particles, and the insulating film is extended to one side
portion and/or to another side portion of the seal
member.
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