US008169555B2

a2 United States Patent (0) Patent No.:.  US 8,169,555 B2
Mitsui et al. 45) Date of Patent: *May 1, 2012
(54) LIQUID CRYSTAL DISPLAY DEVICE 6,914,656 B2* 7/2005 Sakamoto etal. ............ 349/141
7,586,575 B2 9/2009 Higa et al.
SN fennd . 7,800,722 B2 9/2010 Oh tal.
(75) Inventors: Mas.ashl Mitsui, Anpachi-cho (JP); ;’92 4384 B2 42011 N aﬁ;ﬁ; :t al.
Norio Koma, Motosu-gun (JP); 2002/0012088 Al 1/2002 Ozawa etal.
Tomohide Onogi, Anpachi-cho (JP); 2004/0105059 Al 6/2004 Ohyama et al.
_ 2004/0150600 Al 8/2004 Kojima et al.
Yasuo Segawa, Motosu-gun (JP) 2004/0217935 AL* 112004 Jeon etal. ............... 345/100
) . 2005/0094067 Al 5/2005 Sakamoto et al.
(73) Assignee: Sony Corporation, Tokyo (JP) 2006/0187387 Al $/2006 Ohyama etal.
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
US.C. 154(b) by 1066 days.
CN 1474216 A 2/2004
Thi.s patent is subject to a terminal dis- (Continued)
claimer.
OTHER PUBLICATIONS
(21) Appl. No.: 11/902,032
Japanese Office Action issued Dec. 13, 2011, for corresponding
(22) Filed: Sep. 18, 2007 Japanese Appln. No. 2008-205335.
(65) Prior Publication Data Primary Examiner — David Nelms
, Assistant Examiner — Sang Nguyen
US 2008/0068523 A1~ Mar. 20, 2008 (74) Attorney, Agent, or Firm — K&L Gates LLP
(30) Foreign Application Priority Data (57) ABSTRACT
Sep. 19,2006  (IP) 2006-252659 A liquid crystal display device includes a first substrate hav-
Dec. 28,2006 (IP) 2006-356455 ing a first electrode and a second electrode, a second sub-
strate, a liquid crystal interposed between the first substrate
(1) Int.ClL and the second substrate, pixels each having a transmissive
GO2F 1/133 (2006.01) portion for performing a transmissive display and a reflective
GO2F 1/1335 (2006.01) portion for performing a reflective display, and a driving
(52) US.CL oo 349/37;349/33;349/19  circuitdriving the pixels. Here, athird electrode is disposed in
(58) Field of Classification Search ... 349/37  the second substrate opposed to the first substrate with the
See application file for complete search history. liquid crystal interposed therebetween. The first electrode is
disposed in the transmissive portion along with the second
56 References Cited electrode and is also disposed in the reflective portion alon;
(56) P p )

U.S. PATENT DOCUMENTS

6,768,481 B2* 7/2004 Ozawaetal. ............... 345/87
6,781,655 B2 8/2004 Yamazaki et al.
6,853,421 B2 2/2005 Sakamoto et al.

434
482

with the third electrode. The driving circuit is provided to
independently apply potentials to the second electrode and
the third electrode.

5 Claims, 16 Drawing Sheets

DATA LINE CONTROL CIRCUIT

402
{

RCie=

_,_LTJRCsc-l—z

RCe=

uRCscTi

Gate 1

ksl

6=

L‘I:CSCT

471
470
473

=,
T

b
'S
¥ s 2
—_—

= L

| 1.1

Ichst:T

=

o —

T
<+ + +

= 1~

i TC;-

RC c‘f
RCscT

o REFLECTIVE-
J

el

497

=
=1
| M1 TC=F+

431

COMMON
ELECTRODE
CONTACT

3

495
XCOM

——com ——
]
]



US 8,169,555 B2

Page 2

U.S. PATENT DOCUMENTS Jp A-2002-296597 10/2002

)
2006/0187388 Al /2006 Ohyama etal. }g A%gggg;ggg; l?gggg
2007/0002226 AL*  1/2007 Sakamoto etal. ... 349/114  Tp AD003322857 112003
2007/0008470 AL* 12007 Higa ........ L3914 003344837 122003
2007/0046606 Al*  3/2007 Kimetal. ... e 34590 Tp A 2003344837 122003
2007/0091050 Al*  4/2007 Katayama et al. L34598 b N 2004.198922 215004
2007/0222907 AL*  9/2007 Onogi et al. w........... 34942 p 2004233807 22004
2008/0068523 Al 3/2008 Mitsui et al. P 004333808 22004
20080106541 AL* 52008 Yamazaki ..o 345212 p e 5004.233068 22004
2008/0165309 AL* 72008 Geetal. ..oovvov.. - 34985 2005338256 12005
FOREIGN PATENT DOCUMENTS P A-2006-171376 6/2006
P A-2007-133293 5/2007
CN 1196962 C  4/2005 P A-2008-165054 7/2008
» A-2001-213531 8/2001 P A-2008-165069 7/2008
w A 2001-3563% 1272001 WO 2005-006068 Al 1/2005

P A-2002-006320 1/2002
P A-2002-244135 /2002 * cited by examiner



US 8,169,555 B2

Sheet 1 of 16

May 1, 2012

U.S. Patent

B y09 I 109 X
| gLl _ act 0zl . \ 09
O S ///////////_//// AN NN N4
NS NSNS
SN N N NN AN NN NN NN v
P — . — H el
008 F—— — = — —
W HOMW ...w@u.lWHemhﬁﬂ.mae
U o e ]| 4R
- “ﬂ] |||@ll |
EN),///////I — O O —— \
\\\\\\\\\\\\\\\\\\\\\\\\\\\ A piz 0L
pe AN AN e
002 \\\\\\\\\\\\\\\\\\\\\\\\\ J— 022
™

Il "Old




US 8,169,555 B2

Sheet 2 of 16

May 1, 2012

U.S. Patent

= >
>

L 309 | 109

8Ll _ ch

001
/

NN TN S

~— 8¢l

LN Ll A L LN

¢t}

7///7///////%//_//////////////Jr/x

~— Vil
—9ll

09

00€

gle

~—&Cl

vel

alz—t1-

DONUONIONONI NS NSNS NN

00¢

L LS 70777777777 e

~—¢lé

\\\\\\\\\\\\\\\\\\\\\\\\\\\( 0zz

LINOHID
ONIAIKEA

¢ Ol

04

“
0

G




US 8,169,555 B2

Sheet 3 of 16

May 1, 2012

I d09 L 109

=

81l | vzl ozl Ve

AN N NANN AN\ AN ANN ANV ANNARN

XL A LA
AT RSN /////7 — bl

il

W E=———=C == Hﬂur.WHM
mz_ [ 30 o= M.WWLMW.IIW - |
S e 0 C O SN
Y~ ——— ((r —(O+—F
al = —— (O =CL =
012 ///////”“b —C-— = f
S SN S Ave 0L

PANANAN AN AN AN
\\\\\\\\\\\\\\\\\\\\\\\\\\\( 0zz

002

U.S. Patent

N
0

g
€ Old



cev Y2V gzv cey
| \ i
gLy \ O

1 A LY
Sl == S S N N SO NIS S SSSSAS SISy
_\\ ” \.\\
L Id
\\

h 4 5 L ¥
Ll L L4
4 L4
’ 4 L4
rd ”
4 ' d
4
L4 s’
> - -
- /)

<

US 8,169,555 B2

0o~ N\m,‘%.aﬂw‘_nmblmmh%ﬁ,www%
N aNha
M Nﬂ?\lnj AmAvasIgin ".I.",\‘o — A\ iy O.V.V
=
[#0]

May 1, 2012

U.S. Patent



U.S. Patent

FIG. 5A

FIG. 5B

FIG. 5C

May 1, 2012 Sheet 5 of 16 US 8,169,555 B2

431

425
N i 429

414IW[: il il [l _/

174 R

B 433
414
#1294
M4

3l 436
412
437




U.S. Patent May 1, 2012 Sheet 6 of 16 US 8,169,555 B2

T T
FIG.6 (| [ 1 1 |
414J L] o | ] ,-._,470
[I@ i@ Nl
412 <
Video
FIG. 7 j + Cate
TCsc TCic RCsg RCc . 436
w Tt
431 —~— S ’
425  4427-1COM
Video
FIG. 8 / + Cate
TCsc TCic RCsc Rch 436
429 *—’_‘—_L
431~—
425 445 co XCOM




U.S. Patent May 1, 2012 Sheet 7 of 16 US 8,169,555 B2
FIG. 9
COM-H—
TRANSMISSIVE
DISPLAY
PORTION
COM-L .
XCOM-H === - - - gy - -
REFLECTIVE e
Ll
XCOM-L — —~--WLoee ) (W] ... B
TIME
FIG. 10 470
Video 425 REFLECTIVE-DISPLAY
| ,~ Lo, COMMON ELECTRODE
L IRCsc
JGa‘e Ba L:RCOM
-
129 ¢ o M
S —r—s—TCOM
431~
423 442




US 8,169,555 B2

Sheet 8 of 16

May 1, 2012

U.S. Patent

\mwv LOVINOD
300410373

- |
|ﬁ.m+z

68% - 7 y St == _
. Qz@x_‘n_“cwn_u% L ~ —L 08y L 081y sy m
-AILOF 143y | 6cy 5104 1 Eomy 1 Eoon §

o 5L LI {<for LI fLor LI 1!

S

p
p

'S : ! i —
m ) J p p
| | .HnE L] _HhE L] _._NnB _Luﬁ _.
m Tosee [ Tosgne | LosonL 1]
- Sy 059y 0Soy !
! $5on t Yoy B3y %@_.m
2 AT LI LAy 1 —t o5 _Ii
— ; ; i Neeo
| L _‘ ﬁﬂq\ .Homom_.l_ll ulomom]ll Luomomj m
m Pl ==919y —=910y { 9104 (e &
T S M S o Seyd
!
88y LIND¥ID T0YLNOD AN VLVA f
28y
TR E oy



US 8,169,555 B2

Sheet 9 of 16

May 1, 2012

U.S. Patent

FIG. 12

Gata N

D T S ———

—_—— e e e o = = e - ————— -

e [l S -
s Lt e S TR
e - e - -

CROM
TCOM



US 8,169,555 B2

Sheet 10 of 16

May 1, 2012

U.S. Patent

82¥ gey
/ \

T4 4
[

J@ %%

gLy

gl === =~

09 —

e

/ \

,

[/

Z I
S S X S SIS S

“J
N

SN SE NS N N NN

N ’ &

(L

S Ovp
= == ; gch
. — —— =’

e = =N Iy
wo,ms,ﬁm% Zlv aob
e \,\/\\\\N\\\\ 09v

PN VA A AN WA WA YA VAV AV AW

\V4 \V4

2Ly bl /.vi



U.S. Patent May 1, 2012 Sheet 11 of 16 US 8,169,555 B2

FIG. 14A (I
5 ille”
X
Q O
J
412 “—~ iy
| L

FIG. 14B j ?’E # 441
414 o e} ) -
0 0o Ol 1 438

-
- T, ||

-
-
-

©
-
ek

T~—436

FIG. 14C

441

N~

—

N
—mrll

N

T\R\\
£

U ™ N N U WL L N

442

443

—_
.
r ™
N W N W N W N N
4
\
N
M
BN O . . A A
) B NN
L W W N A NN
X
N
A N N N N WL . W N
N, N N W N LN N N N .

v it st st 4




U.S. Patent May 1, 2012 Sheet 12 of 16 US 8,169,555 B2

FIG. 15
(|
D
4144 ) 1 A 441
) o) 0 0
\ r"'O"j E_Q——J Oh
419+ ——— —— ——
—— ———] ——
— —— ———
——] —— —
| = - - el




US 8,169,555 B2

Sheet 13 of 16

May 1, 2012

U.S. Patent

vﬂ. mwv

27A wm%
,

{

TAY

vy eep
/ /

Iy \

/ \

,

/]

wF¢£V/////

VA kY
S S A S SN SNISSOS

7
NN

r4

f/n/ ‘ -
VI e A

""“""""i r"""'_‘-"“"'.\‘

S A S A S O OSASSSS S Y AN
A A 7 - i ]

097~ L N

N L ,””‘

Iy ——f7 7 7 7

T 7 7 7 77 777N 277

N

L.

\V

LW

2Ly

9 "©Old

bl



US 8,169,555 B2

Sheet 14 of 16

May 1, 2012

U.S. Patent

FIG. 17A

A SR S S S Y 4 Lk L
[/

W A A i

A

442

AN N NN N A NI ¥

FIG. 17B

NN AN B 2 D o
. ]

AR B YL .-,
-




US 8,169,555 B2

Sheet 15 0f 16

May 1, 2012

U.S. Patent

véy 08y
N — e Y
m WO N . . m
| WOOX——— | | | LN ” |
: S6v P - : m
m LIVINQD Ll —or LJ [Fo1r LI [=Eor LI i
el R T e B ]
167 _Aviasia 8|1 mm\ﬁ =504 .H.rowom_l_.i .u.Homom_l_
m EROEREE ). | | 1)y =910y | = 10y m
" B P rteor L for L1}
| L] Tl L (ot LI TR0 LI
TP Ion== [ oou— | Losou=— ||
m s Yooy 1¥son 1Ecow 1
m 477 o 1l T LA Lt 1
CHERE .Wu,mom_l_ul .ﬁummomom 1| oo = |
eLy— B =o0d | =-9%y [0y ezpl!
i LR ToL LIS TFor LI =Fo1 _LAW& |
bLy g ~ Losou | Losow— | Losours ||
i R T oM | MR
m il =210y =910y =210y :
e USSR S S ey
! .
424 1IN2YID 10U.LNOD AN VLVA
8l 'Ol o

| 8le9

A 14




U.S. Patent May 1, 2012 Sheet 16 of 16 US 8,169,555 B2

FIG. 19
_ Ty

TH

e—[e
Gata 1 ' .
2 — i
3 — 5
¢ — §
COM : :
xcont A X




US 8,169,555 B2

1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND

1. Technical Field

The present invention relates to a liquid crystal display
device, and more particularly, to a liquid crystal display
device in which one pixel includes a transmissive portion for
performing a transmissive display and a reflective portion for
performing a reflective display and two electrodes for con-
trolling the alignment of liquid crystal molecules are disposed
in one substrate.

2. Related Art

Liquid crystal panels of an FFS (Fringe Field Switching)
typeoranIPS (In-Plane Switching) type are known as aliquid
crystal panel having a wide viewing angle. In such types, both
a pixel electrode and a common electrode are disposed in an
element substrate, and liquid crystal molecules are rotated by
the control of an electric field generated between both elec-
trodes, thereby controlling alignment of the liquid crystal
molecules.

The liquid crystal panels are approximately classified into
a transmissive type of making a display by the use of a
backlight, a reflective type of making a display by the use of
an external light, and a transflective type having both the
transmissive and reflective structures in one pixel.

JP-A-2003-270627, JP-A-2004-198922, JP-A-2005-
338256, and JP-A-2003-344837 are examples of the related
art.

The known transflective liquid crystal panels of a TN type
and an ECB type do not have sufficient contrast and have a
narrow viewing angle. The transflective liquid crystal panels
of a VA type have high contrast and an enlarged viewing
angle, but have a problem in that colors are changed in view-
ing from an angle.

In contrast to these TN type or ECB type liquid crystal
panels, the transflective liquid crystal panels of an FFS type or
an IPS type have excellent viewing-angle characteristic and
have significantly small color changes in viewing from an
angle, which is a problem of the VA type. However, it is
necessary to dispose a retardation film or a wave plate so as to
allow a transmissive display and a reflective display to coex-
ist, which causes a problem with a decrease in contrast. In
addition, there is also a problem in that the liquid crystal
display device gets thicker than the transmissive liquid crystal
display device of an FFS type or an IPS type.

SUMMARY

An advantage of some aspects of the invention is that it
provides a liquid crystal display device with excellent display
quality, in which a transmissive portion for performing a
transmissive display and a reflective portion for performing a
reflective display are disposed in each pixel and two elec-
trodes controlling a liquid crystal are disposed in one sub-
strate.

According to an aspect of the invention, there is provided a
liquid crystal display deviceincluding; a first substrate having
a first electrode and a second electrode; a second substrate; a
liquid crystal interposed between the first substrate and the
second substrate; pixels each having a transmissive portion
for performing a transmissive display and a reflective portion
for performing a reflective display; and a driving circuit driv-
ing the pixels. Here, a third electrode is disposed in the second
substrate opposed to the first substrate with the liquid crystal
interposed therebetween, the first electrode is disposed in the
transmissive portion along with the second electrode and is

20

25

35

40

45

60

65

2

also disposed in the reflective portion along with the third
electrode, and the driving circuit is provided to independently
apply potential to the second electrode and the third electrode.

According to the above-mentioned configuration, the
reflective portion can be controlled by the use of the first
electrode disposed in the first substrate and the third electrode
disposed in the second substrate, respectively, thereby
embodying a transflective liquid crystal display device in
which the transmissive portion is formed in an FFS type with
a wide viewing angle. Here, since a retardation layer is not
disposed in the transmissive portion, it is possible to suppress
a deterioration in contrast of the transmissive portion due to
the retardation layer.

When an OFF voltage is applied across the first electrode
and the second electrode in the transmissive portion, an ON
voltage may be applied across the first electrode and the third
electrode in the reflective portion to align the liquid crystal in
the reflective portion to be approximately perpendicular to the
third electrode, thereby allowing the transmissive portion and
the reflective portion to simultaneously make a dark display.

When an OFF voltage is applied across the first electrode
and the third electrode in the reflective portion, an ON voltage
may be applied across the first electrode and the second
electrode to align the liquid crystal in the transmissive portion
to be twisted around the normal line of the second electrode,
thereby allowing the transmissive portion and the reflective
portion to simultaneously make a bright display.

According to another aspect of the invention, there is pro-
vided a liquid crystal display device including: a first sub-
strate; a second substrate; a liquid crystal interposed between
the first substrate and the second substrate; and pixels each
having a transmissive portion for performing a transmissive
display and a reflective portion for performing a reflective
display. Here, the first substrate includes: a plurality of data
lines and a plurality of gate lines; a plurality of switching
elements disposed to correspond to intersections between the
plurality of datalines and the plurality of gate lines; a plurality
of first electrodes connected to output terminals of the plural-
ity of switching elements, respectively; and a second elec-
trode driving liquid crystal molecules by applying an electric
field between the first electrodes and the second electrode.
The second substrate includes a third electrode driving the
liquid crystal molecules by applying an electric field between
the first electrode and the third electrode. The potential of the
second electrode and the potential of the third electrode are
opposite in phase to each other.

The liquid crystal display device may further include a
control circuit setting the potential of the second electrode
and the potential of the third electrode, which share the cor-
responding gate line, so as to be opposite in phase to each
other, inverting the potential in a flyback time just before a
selection signal is input to the corresponding gate line, and
then maintaining the potential ina 1 vertical period even after
the selection signal is input.

According to another aspect of the invention, there is pro-
vided a liquid crystal display device including: a first sub-
strate; a second substrate; a liquid crystal interposed between
the first substrate and the second substrate; and pixels each
having a transmissive portion for performing a transmissive
display and a reflective portion for performing a reflective
display. The first substrate includes: a plurality of data lines
and a plurality of gate lines; a plurality of switching elements
disposed to form a pair corresponding to each intersection
between the plurality of data lines and the plurality of gate
lines; first electrodes disposed in the reflective portion and the
transmissive portion connected to output terminals of the pair
of switching elements, respectively; and a plurality of second
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electrodes driving the liquid crystal by applying an electric
field between the first electrodes and the second electrodes.
The second substrate includes a third electrode driving the
liquid crystal by applying an electric field between the first
electrodes and the third electrode. The potential of the second
electrode and the potential of the third electrode are opposite
in phase to each other.

The third electrodes of the gate lines may be connected as
a reflective-display common electrode terminal to each other
outside a display area and the second electrodes of the gate
lines may be connected as a transmissive-display common
electrode terminal to each other outside the display area.
Here, the potential of the reflective-display common elec-
trode terminal and the potential of the transmissive-display
common electrode terminal may be opposite in phase to each
other and the potential is inverted every horizontal period.

The third electrodes in odd rows of the gate lines and the
second electrodes in even rows thereof may be connected as
a first common electrode terminal to each other outside the
display area and the third electrodes in the even rows of the
gate lines and the second electrodes in the odd rows thereof
may be connected as a second common electrode terminal to
each other outside the display area. The potential of the first
common electrode terminal and the potential of the second
common electrode terminal may be opposite in phase to each
other and the potential is inverted every screen scanning.

The first substrate may have a reflective-display storage
capacitor disposed in the reflective portion.

The reflective-display storage capacitor may have a reflec-
tive-display storage capacitor electrode that forms a storage
capacitor along with the first electrode. The potential of the
reflective-display storage capacitor electrode may be equal to
the potential of the reflective-display common electrode ter-
minal.

The thickness of the liquid crystal may be set so that a
phase difference of the reflective portion is And A/4 and a
phase difference of the transmissive portion is And=A/2.

With the above-mentioned configurations, it is possible to
provide a liquid crystal display device with excellent display
quality, in which one pixel includes a transmissive portion
and a reflective portion and two electrodes for controlling the
alignment of liquid crystal molecules are disposed in one
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is a schematic diagram illustrating a liquid crystal
display device according to an embodiment of the invention.

FIG. 2 is a schematic diagram illustrating the liquid crystal
display device according to the embodiment of the invention.

FIG. 3 is a schematic diagram illustrating a liquid crystal
display device according to another embodiment of the inven-
tion.

FIG. 4 is a cross-sectional view of a liquid crystal display
device and is used to explain a mechanism in which a trans-
missive display portion of a transverse electric field driving
system is in a normally white mode and a reflective display
portion of a longitudinal electric field driving system is in a
normally black mode.

FIGS. 5A, 5B, and 5C are plan views corresponding to
FIG. 4.

FIG. 6is a plan view corresponding to FIG. 4 and illustrates
a relation to a reflective-display common electrode.
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FIG. 7 is an equivalent circuit diagram of a pixel in a known
liquid crystal display device.

FIG. 8 is an equivalent circuit diagram of a pixel according
to an embodiment of the invention.

FIG. 9 is a diagram illustrating a variation in common
potential and a correspondence between a display state of a
transmissive display portion and a display state of a reflective
display portion in a liquid crystal display device according to
an embodiment of the invention by setting the horizontal axis
to time.

FIG. 10 is an equivalent circuit diagram of a specific pixel
according to an embodiment of the invention.

FIG. 11 is a diagram illustrating a configuration of a dis-
play driving operation of a liquid crystal display device
according to an embodiment of the invention.

FIG. 12 is a timing diagram illustrating a potential of a
common electrode corresponding to the configuration shown
in FIG. 11.

FIG. 13 is across-sectional view illustrating aliquid crystal
display device according to an embodiment of the invention.

FIGS. 14A, 14B, and 14C are plan views corresponding to
FIG. 13.

FIG. 15 is a diagram illustrating a modified example of
FIGS. 14A to 14C.

FIG.161s across-sectional view illustrating aliquid crystal
display device having another configuration according to an
embodiment of the invention.

FIGS. 17A and 17B are plan views corresponding to FIG.
16.

FIG. 18 is a diagram illustrating a configuration of a dis-
play driving operation of a liquid crystal display device
according to another embodiment of the invention.

FIG. 19 is a timing diagram illustrating a potential of a
common electrode corresponding to the configuration shown
in FIG. 18.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the drawings.

FIGS. 1 and 2 are schematic diagrams illustrating a liquid
crystal display device 50 according to an embodiment of the
invention. The liquid crystal display device 50 includes a
liquid crystal panel 60, a driving circuit 70 driving the liquid
crystal panel 60, and a backlight unit (not shown) opposed to
the liquid crystal panel 60. In FIG. 1, etc., one pixel (which is
also called a dot or a sub pixel) of the liquid crystal panel 60
is shown in a cross-sectional view and only partial elements
are hatched so as to avoid complication of the drawings.

The liquid crystal panel 60 is a transflective liquid crystal
panel in which a transmissive portion 60T for performing a
transmissive display and a reflective portion 60R for perform-
ing a reflective display are disposed in one pixel. The trans-
missive portion 60T and the reflective portion 60R each indi-
cate not only a two-dimensional area as viewed in a plane
view, but also a three-dimensional area of the liquid crystal
panel 60 defined by projecting the two-dimensional area in
the thickness direction of the liquid crystal panel 60, that is,
the overlapping direction of substrates 100 and 200 to be
described later.

Here, it is assumed that the liquid crystal panel 60 performs
the transmissive display in an FFS (Fringe Field Switching)
type and performs the reflective display in an ECB (Electri-
cally Controlled Birefringence) type.

The liquid crystal panel 60 includes an element substrate
100, a counter substrate 200 opposed to the element substrate
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100, and a liquid crystal (or a liquid crystal layer) 300 dis-
posed between both substrates 100 and 200. Liquid crystal
molecules in the liquid crystal layer 300 are schematically
illustrated in the figure.

The element substrate 100 includes a light-transmitting
substrate 112 and further includes a circuit layer 114, a pla-
narizing film 116, a reflective film 118, a first electrode 120,
an insulating film 122, a second electrode 124, and an align-
ment film (not shown) inside the light-transmitting substrate
112, that is, on a side of the substrate 112 close to the liquid
crystal layer 300.

The light-transmitting substrate 112 is formed of, for
example, a transparent glass plate.

The circuit layer 114 is a layer in which circuits having a
variety of elements are formed to drive the pixel and includes,
for example, pixel TFT's (Thin Film Transistor) or a variety of
wires. Although details of the circuits are not shown, a variety
of circuits can be used. The circuit layer 114 is disposed over
the transmissive portion 60T and the reflective portion 60R on
the light-transmitting substrate 112.

The planarizing film 116 is made of, for example, insulat-
ing or light-transmitting resin and is disposed over the circuit
layer 114 s0 as to be closer to the liquid crystal layer 300 than
the circuit layer 114. The planarizing film 116 extends over
the transmissive portion 60T and the reflective portion 60R.
The surface of the planarizing film 116 close to the counter
substrate 200 is even in the transmissive portion 60T and is
uneven in the reflective portion 60R. The unevenness can be
formed by various methods and may be formed, for example,
by forming the planarizing film 116 out of a photo resist
material and exposing and developing the photo resist mate-
rial in a pattern.

The reflective film 118 is formed of a material such as
aluminum capable of reflecting an external light (visible
light) for the purpose of a reflective display. The reflective
film 118 is disposed in the reflective portion 60R and is
located on the uneven surface of the planarizing film 116. The
surface of the reflective film 118 close to the counter substrate
200 has the same uneven shape as the uneven surface of the
planarizing film 116.

The first electrode 120 is formed of a light-transmitting
conductive material such as ITO (Indium Tin Oxide). The first
electrode 120 is disposed on the planarizing film 116 so as to
cover the reflective film 118. The first electrode 120 is dis-
posed in the transmissive portion 60T and the reflective por-
tion 60R. That is, the first electrode is an electrode common to
the transmissive portion 60T and the reflective portion 60R.
The surface of the first electrode 120 close to the counter
substrate 200 is even in the transmissive portion 60T and has
the same uneven shape as the uneven surfaces of the reflective
film 118 and the planarizing film 116.

When the reflective film 118 is conductive, the first elec-
trode 120 may not cover the entire reflective film 118 con-
nected to the reflective film 118. That is, a portion of the first
electrode 120 in the reflective portion 60R may be formed of
the reflective film 118.

Although the connection of the first electrode 120 to the
driving circuit 70 is schematically illustrated in FIG. 1, etc.
for the purpose of explanation, the application of potential to
the first electrode 120 is performed through, for example, the
pixel TFT in the circuit layer 114.

The insulating film 122 is made of, for example, silicon
oxide or silicon nitride. The insulating film 122 is disposed on
the even surface of the first electrode 120 in the transmissive
portion 60T. The surface of the insulating film 122 closeto the
counter substrate 200 is even.
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The second electrode 124 is formed of a light-transmitting
material such as ITO. The second electrode 124 is disposed on
the insulating film 122 in the transmissive portion 60T and is
opposed to the first electrode 120 with the insulating film 122
interposed therebetween. That is, the first electrode 120, the
insulating film 122, and the second electrode 124 are stacked
in this order. Both electrodes 124 and 120 are disposed on the
element substrate 100 and thus are located on the same side
about the liquid crystal layer 300. Slits 126 are formed in
portions of the second electrode 124 opposed to the first
electrode 120. Here, the slits 126 extend substantially perpen-
dicular to the figure surface. An electric field ET due to a
potential difference between the first electrode 120 and the
second electrode 124 is generated with the slits 126 and the
insulating film 122 interposed therebetween (see FIG. 2). The
alignment state of the liquid crystal 300 in the transmissive
portion 60T is controlled by the electric field ET.

Although the connection of the second electrode 124 to the
driving circuit 70 is schematically illustrated in FIG. 1, etc.
for the purpose of explanation, the application of potential to
the second electrode 124 is performed through, for example,
wires in the circuit layer 114.

The alignment film not shown is disposed to cover the
second electrode 124, the insulating film 122, and the first
electrode 120 and is in contact with the liquid crystal 300.

The counter substrate 200 includes a light-transmitting
substrate 212 and further includes a color filter 214, a retar-
dation layer 216, a third electrode 218, and an alignment film
(not shown) in the inside of the light-transmitting substrate
212, that is, on a side closer to the liquid crystal layer 300 than
the substrate 212.

The light-transmitting substrate 212 is formed of, for
example, a transparent glass plate.

The color filter 214 is made of, for example, a dyed resin
and is disposed on the light-transmitting substrate 212 over
both the transmissive portion 60T and the reflective portion
60R. A backlight light incident from the element substrate
100 and an external light are colored by the color filter 214
and the pixel is lighted in a predetermined color. The color of
the color filter 214 is set to correspond to a display color
(single color) of the corresponding pixel. A unit consisting of
a plurality of pixels adjacent to each other is called a pixel.

For example, it is assumed that the retardation layer 216
corresponds to a quarter wave (¥4 wavelength) plate. In this
case, linearly polarized light can be converted into clockwise
(or counterclockwise) circularly polarized light by the retar-
dation layer 216. The retardation layer 216 is located closer to
the liquid crystal layer 300 than the color filter 214 and is
disposed on the color filter 214 in the reflective portion 60R.
In this case, the retardation layer 216 is built in the liquid
crystal panel 60. Here, the term “built in” means a disposal
form that something is disposed between the light-transmit-
ting substrates 112 and 212. It can be understood that the pixel
TFT and the like are built in the liquid crystal panel 60.

The retardation layer 216 can be formed of, for example, a
UV-curable liquid crystal (liquid crystal which is curable by
ultraviolet rays). More specifically, an alignment film (not
shown) is formed on the color filter 214, the UV-curable
liquid crystal in a liquid phase is applied onto the alignment
film, and then the UV is radiated thereto, thereby forming the
retardation layer 216. In this case, the retardation layer 216
includes the UV-curable liquid crystal or further includes the
alignment film. The alignment film serves to control the
alignment of the UV-curable liquid crystal, but does not serve
to define the alignment of the liquid crystal 300. A variety of
alignment films can be used as the alignment film for the
UV-curable liquid crystal. For example, an optical alignment
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film having a liquid crystal aligning ability with an applica-
tion of light can be used and the use of the optical alignment
film makes a rubbing operation unnecessary. The UV-curable
liquid crystal serves as a wave plate by performing a UV
curing process thereon (radiating the UV to cure the liquid
crystal). The phase difference can be adjusted by varying the
thickness of the UV-curable liquid crystal.

The third electrode 218 is made of a light-transmitting
conductive material such as ITO. The third electrode 218 is
located closer to the liquid crystal layer 300 than the retarda-
tion layer 216 and is disposed on the retardation layer 216 in
the reflective portion 60R so as to be opposed to the first
electrode 120 with the liquid crystal layer 300 interposed
therebetween. That is, the third electrode 218 is located oppo-
site to the first electrode 120 with the liquid crystal layer 300
interposed therebetween. The alignment in the reflective por-
tion 60R of the liquid crystal layer 300 is controlled by an
electric field ER resulting from a potential difference between
the third electrode 218 and the first electrode 120 (see FIG. 1).

Although the connection between the third electrode 218
and the driving circuit 70 is schematically illustrated in FIG.
1, etc. for the purpose of explanation, the potential is applied
to the third electrode 218 through a wire in the circuit layer
114, the conductive particles interposed between the sub-
strates 100 and 200, and the like. The third electrode 218 can
be supplied with the potential independently of the potential
application to the second electrode 124.

An alignment film not shown is disposed to cover the third
electrode 218, the retardation layer 216, and the color filter
214 and is in contact with the liquid crystal layer 300.

The liquid crystal panel 60 further includes polarizing
plates 128 and 220. The polarizing plate 128 is disposed on
the outside of the element substrate 100, that is, on a side
opposite to the liquid crystal layer 300 about the light-trans-
mitting substrate 112. The polarizing plate 220 is disposed on
the outside of the counter substrate 200, that is, on a side
opposite to the liquid crystal layer 300 about the light-trans-
mitting substrate 212.

The driving circuit 70 includes a variety of elements con-
nected to the electrodes 120, 124, and 218 so as to generate
and supply potentials to be applied to the electrodes 120, 124,
and 218. The variety of elements are externally attached to,
built in, or mounted on the liquid crystal panel 60 and
includes, for example, pixel TFTs in the circuit layer 114. The
driving circuit 70 generates the application potentials and
applies the generated application potentials to the electrodes
120, 124, and 218 at predetermined times. The driving circuit
70 can perform the potential application to the second elec-
trode 124 and the potential application to the third electrode
218, independently of each other.

An example of an operation of the liquid crystal display
device 50 will be described. Here, it is assumed that the
transmissive display is performed in the FFS type and the
reflective display is performed in the ECB type, as described
above. The liquid crystal layer 300 has a positive dielectric
anisotropy and anisotropy of refractive index (also called a
birefringence) An of 0.1.

The liquid crystal panel 60 is configured so that the trans-
missive display is a dark display having the lowest brightness
when the potential difference between the first electrode 120
and the second electrode 124 is an OFF voltage and is con-
figured so that the reflective display is a bright display having
the highest brightness when the potential difference between
the first electrode 120 and the third electrode 218 is an OFF
voltage. The brightness of the transmissive display corre-
sponds to the transmittance and the brightness of the reflec-
tivedisplay corresponds to the reflectance. The dark display is
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called a dark state or a black display and the bright display is
called a bright state or a white display. The voltage which
embodies the dark display or the bright display and which
hardly generates electric fields ET and ER is called an OFF
voltage. On the contrary, the voltage which embodies the dark
display or the bright display and which generates the electric
fields ET and ER larger than those at the time of applying the
OFF voltage is called an ON voltage.

Accordingly, the transmissive portion 60T is formed in a
normally black type and the reflective portion 60R is formed
in a normally white type. This configuration can be obtained
by adjusting the material of the liquid crystal layer 300, the
alignment state (so-called initial alignment state) of the liquid
crystal layer 300 at the time of applying the OFF voltage, the
rubbing direction of the alignment film, characteristics or
arrangements of the polarizing plates 128 and 220 and the
retardation layer 216, and the like.

In the liquid crystal display device 50, when the OFF
voltage is applied across the first electrode 120 and the second
electrode 124, the reflective portion 60R is allowed to make a
dark display by applying the ON voltage across the first
electrode 120 and the third electrode 218, thereby allowing
the transmissive portion 60T and the reflective portion 60R to
simultaneously make a dark display. That is, the entire pixel is
allowed to make a dark display. On the other hand, when the
OFF voltage is applied across the first electrode 120 and the
third electrode 218, the transmissive portion 60T is allowed to
make a bright display by applying the ON voltage across the
first electrode 120 and the second electrode 124, thereby
allowing the transmissive portion 60T and the reflective por-
tion 60R to simultaneously make a bright display. That is, the
entire pixel is allowed to make a bright display.

More specific examples are described below.

EXAMPLE 1

For example, at the time of an application of an OFF
voltage, the liquid crystal 300 in the transmissive portion 60T
and the reflective portion 60R is initially aligned so that major
axes of liquid crystal molecules are substantially parallel to
the surfaces of the electrodes 120, 124, and 218 and substan-
tially parallel to the extending direction of the slits 126 (is
accordingly aligned substantially perpendicular to the figure
surface). The rubbing directions in the transmissive portion
60T and the reflective portion 60R are equal to each other. The
polarizing plate 128 is disposed so that the transmission axis
thereof is substantially perpendicular to the major axes of the
liquid crystal molecules in the initially aligned state. The
polarizing plate 220 is disposed so that the transmission axis
thereof is substantially perpendicular to the transmission axis
of the polarizing plate 128 (so-called perpendicular arrange-
ment).

In this case, in the transmissive display at the time of the
application of the OFF voltage (see FIG. 1), the light from
backlight incident from the element substrate 100 is changed
to a linearly polarized light substantially perpendicular to the
major axes of the liquid crystal molecules by the polarizing
plate 128. Since it is hardly affected by the birefringence
effect of the liquid crystal 300 due to the relation between the
polarized direction of the linearly polarized light and the
alignment direction of the liquid crystal molecules. the lin-
early polarized light reaches the polarizing plate 220 with the
polarized state thereof maintained. However, since the lin-
early polarized light is polarized substantially perpendicular
to the transmission axis of the polarizing plate 220, the lin-
early polarized light cannot pass through the polarizing plate
220 and thus the transmissive display is a dark display.
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As described above, when the OFF voltage is applied to the
transmissive portion 60T, the ON voltage is applied to the
reflective portion 60R and thus the reflective portion 60R
makes a dark display (see FIG. 1). In the reflective portion
60R at the time of the dark display, the liquid crystal mol-
ecules are aligned in a direction substantially perpendicular to
the surfaces of the electrodes 120 and 218. An external light
incident from the counter substrate 200 is changed to a lin-
early polarized light by the polarizing plate 220, is changed to
a circularly polarized light by the retardation layer 216 serv-
ing as a %4 wave plate, and then enters the liquid crystal layer
300. Since the circularly polarized light is hardly affected by
the birefringence effect of the liquid crystal 300 due to the
above-mentioned alignment state of the liquid crystal mol-
ecules, the circularly polarized light reaches the reflective
film 118 and is reflected therefrom with the polarized state
thereof maintained. The reflected circularly-polarized light is
then changed to a linearly polarized light by the retardation
layer 216. However, since the rotation direction of the circu-
larly polarized light (the rotation direction about the traveling
direction) is inverted in the inward and outward paths, the
linearly polarized light in the inward path is substantially
perpendicular to the linearly polarized light in the outward
path, that is, it is polarized in a direction substantially perpen-
dicular to the transmission axis of the polarizing plate 220.
Accordingly, the light cannot pass through the polarizing
plate 220 and thus the reflective display is a dark display.

On the other hand, when the pixel makes a bright display,
the OFF voltage is applied to the reflective portion 60R and
the ON voltage is applied to the transmissive portion 60T as
described above (see FIG. 2).

In the transmissive portion 60T, the liquid crystal mol-
ecules around the element substrate 100 are aligned in a
direction substantially parallel to the surfaces of the elec-
trodes 120 and 124 and substantially perpendicular to the
extending direction of the slits 126 with the application of the
ON voltage. On the other hand, the liquid crystal molecules
around the counter substrate 200 are in the initial alignment
state. Accordingly, the liquid crystal molecules in the trans-
missive portion 60T are aligned in a state twisted by 900
around the normal line of the electrodes 124 and 120 as a
whole. In this case, the light from backlight linearly polarized
by the polarizing plate 128 is polarized in a direction substan-
tially parallel to the major axes of the liquid crystal molecules
around the element substrate 100, rotates along the twisted
alignment state of the liquid crystal molecules, and is changed
to the linearly polarized light substantially parallel to the
major axes of the liquid crystal molecules around the counter
substrate 200 at the time of reaching the polarizing plate 220.
Since the linearly polarized light is polarized substantially
parallel to the transmission axis of the polarizing plate 220,
the linearly polarized light passes through the polarizing plate
220 and thus the transmissive display is a bright display.

When the OFF voltage is applied to the reflective portion
60R, the liquid crystal 300 in the reflective portion 60R is
aligned in the same way as the transmissive portion 60T to
which the OFF voltage has been applied. In this case, the
external light incident from the counter substrate 200 is
affected by the birefringence of the liquid crystal layer 300 at
the time of traveling along the same path (optical path) as the
dark display. Here, the liquid crystal layer 300 in the reflective
portion 60R is adjusted to act in the same way as the ¥4 wave
plate by the use of the birefringence thereof. The external
light is changed to a circularly polarized light by passing
through the polarizing plate 220 and the retardation layer 216,
is changed to a linearly polarized light by the liquid crystal
layer 300 serving as the %4 wave plate, and then is reflected by
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the reflective film 118. The reflected linearly-polarized light
is changed to a circularly polarized light by the liquid crystal
layer 300 and then reaches the retardation layer 216. At this
time, since the circularly polarized light in the inward path is
equal in rotation direction to the circularly polarized light in
the outward path, the linearly polarized light having passed
through the retardation layer 216 again is substantially par-
allel to the linearly polarized light in the inward path, that is,
is polarized substantially parallel to the transmission axis of
the polarizing plate 220. Accordingly, it passes through the
polarizing plate 220 and thus the reflective display is a bright
display.

Although the dark display and the bright display have been
described above, the brightness of a middle level between the
dark display and the bright display, that is, a gray scale, can be
also displayed by controlling the magnitude of the applied
voltage.

In the above-mentioned configuration, the transmissive
portion 60T employs an FFS system and the reflective portion
60R employs an ECB system. When the transmissive portion
60T is in the ON state, the reflective portion 60R is in the OFF
state. When the reflective portion 60R is in the OFF state, the
transmissive portion 60T is in the ON state. Accordingly, it is
possible to obtain excellent display quality in both the reflec-
tive display and the transmissive display. Since the retarda-
tion layer 216 is built therein, it is not necessary to attach a
retardation plate to the outer surface and it is possible to
reduce the thickness of the liquid crystal panel in comparison
with the other type transflective liquid crystal panel. Since the
retardation layer 216 also serves as alayer for more narrowing
a cell gap of the reflective portion 60R than the cell gap of the
transmissive portion 60T, it is possible to reduce the number
of manufacturing processes.

Since the reflective portion 60R employs the ECB system
higher in reflectance than the FFS system, it is possible to
obtain a reflective display with high brightness in comparison
with the case where both the transmissive portion 60T and the
reflective portion 60R employ the FFS system.

The reflective portion 60R does not employ the FFS sys-
tem. Accordingly, even when the uneven surface is formed on
the planarizing film 116, it is not necessary to form the elec-
trode 124 having the slits 126 on the uneven surface. As a
result, no slit patterning trouble occurs on the uneven surface
and thus it is possible to obtain a reflective display with
excellent display quality. In the transmissive display, a wide
viewing angle and high contrast are realized by the FFS
system.

In the FFS system, an ITO film or the like is usually formed
on the outer surface of the counter substrate to block an
external electric field. However, according to the above-men-
tioned configuration, it is not necessary to form a shielding
structure in the outside. This is because the third electrode 218
of the counter substrate 200 has a shield function. Even when
the third electrode 218 is not formed on the entire surface of
the counter substrate 200 without any gap, it is possible to
obtain the shielding function from the third electrode 218.

Since the retardation layer 216 is not disposed in the trans-
missive portion 60T, the wide viewing angle and the high
contrast due to the FFS system are secured at the time of the
transmissive display, unlike the case where a retardation film
is attached to the outside without distinguishing the transmis-
sive portion 60T and the reflective portion 60R from each
other.

The cell gap in thereflective portion 60R is smaller than the
cell gap in the transmissive portion 60T due to the retardation
layer 216 (socalled multi-gap structure). Accordingly, it is
possible to adjust the cell gap in the transmissive portion 60T
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and the reflective portion 60R without using a particular over-
coat layer. For example, the cell gap in the reflective portion
60R can be adjusted to a value suitable for the ECB system.

Although it has been exemplified above that the transmis-
sive display is performed in the FFS system, the transmissive
display may be performed in the IPS (In-Plane Switching)
system. In the IPS system, as shown in FIG. 3, the first
electrode 120 and the second electrode 124 is disposed on the
planarizing film 116 in the transmissive portion 60T, that is, in
the same layer. A state where the entire pixel makes a bright
display is shown in F1G. 3.

For example, By disposing the polarizing plates 128 and
220 so that the transmission axes are substantially parallel to
each other, the normally black mode and the normally white
mode may be exchanged.

Since the application of potential to the second electrode
124 and the application of potential to the third electrode 218
can be performed independently of each other, an application
of potential different from the above-mentioned is possible.
Forexample, when the threshold potentials are different in the
transmissive portion 60T and the reflective portion 60R, it is
possible to reduce a different in brightness between the trans-
missive display and the reflective display due to the difference
by independently applying different potentials to the elec-
trodes 124 and 218, thereby obtaining excellent display qual-
ity.

Next, among liquid crystal display devices in which a
transverse electric field driving system is used in a transmis-
sive display portion (transmissive portion) and a longitudinal
electric field driving system is used in a reflective display
portion (reflective portion), a liquid crystal display device
having a TFT in which the transmissive display portion is in
anormally white mode and the reflective display portion is in
a normally black mode will be described with reference to
FIGS. 4 to 7. Although it is described herein that a color filter
is provided, a black display operation may be performed. A
system other than the FFS system, for example, the IPS sys-
tem, may be used as the transverse electric field driving sys-
tem.

FIGS. 4 to 6 are diagrams illustrating a configuration of a
liquid crystal display device 410 in which the transverse
electric field driving system is used in the transmissive dis-
play portion and the longitudinal electric field driving system
is used in the reflective display portion. Here, the longitudinal
electric field driving system means a system for driving the
liquid crystal molecules by applying an electric field between
the element substrate and the counter substrate. The FFS
system for driving the liquid crystal molecules by applying an
electric field between the common electrode and the pixel
electrode disposed with an insulating layer interposed ther-
ebetween on the shame substrate is used as the transverse
electric field driving system.

FIG. 4 is a partial sectional view of one sub pixel in the
liquid crystal display device 410. Here, the sub pixels mean
display portions corresponding to R, G, and B, for example,
when a color display is made using R, G, and B. In this
example, three sub pixels of'a sub pixel of R, a sub pixel of G,
and a sub pixel of B forms one unit, which serves as a pixel.
The liquid crystal display device 410 includes a transmissive
display portion 412 and a reflective display portion 414. In
FIG. 4, the liquid crystal display device 410 includes a back-
light unit 416, an element substrate 420 as a first substrate, a
counter substrate 460 as a second substrate, a liquid crystal
layer 450 interposed between the element substrate 420 and
the counter substrate 460, an element-substrate polarizing
plate 418 disposed between the backlight unit 416 and the
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element substrate 420, and a counter-substrate polarizing
plate 419 disposed outside the counter substrate 460.

The counter substrate 460 is a side of the liquid crystal
display device 410 facing a user. That is, the user views the
darkness and brightness corresponding to the optical charac-
teristics of the liquid crystal layer 450 from the counter sub-
strate 460 side. In the transmissive display portion 412 of
FIG. 4, the light emitted from the backlight unit 416 reaches
the user’s eyes through the element-substrate polarizing plate
418, the element substrate 420, the liquid crystal layer 450,
the counter substrate 460, and the counter-substrate polariz-
ing plate 419. Inthe reflective display portion 414, an external
light reaches the liquid crystal layer 450 through the counter-
substrate polarizing plate 419 and the counter substrate 460,
is reflected by a reflective electrode 438 of the element sub-
strate 420, and reaches again the user’s eyes through the
liquid crystal layer 450, the counter substrate 460, and the
counter-substrate polarizing plate 419.

The counter substrate 460 has a structure in which several
films are stacked. In the example shown in FIG. 4, a glass
substrate 462, a black matrix 464, a color filter 466, a reflec-
tive area gap adjusting layer 468, a reflective-display com-
mon electrode 470 as a common electrode in the reflective
display portion 414, and a spacer 472 are included from the
counter-substrate polarizing plate 419 to the element sub-
strate 420. The materials, sizes, forming methods, and the like
can employ known methods of manufacturing a general
active matrix liquid crystal display device and thus detailed
description thereof will be omitted.

Here, since the optical path length of the reflective display
portion 414 is double the optical path length of the transmis-
sive display portion 412, the reflective area gap adjusting
layer 468 is provided to use the half wave (2/2) light modu-
lation in the transmissive display mode and a quarter wave
(M4) light modulation in the reflective display mode. As
shown in FIG. 4, by providing the reflective area gap adjust-
ing layer 468, a difference occurs between the thickness ofthe
liquid crystal layer 450 in the reflective display portion 414
and the thickness of the liquid crystal layer 450 in the trans-
missive display portion 412. The thickness of the liquid crys-
tal layer 450 is adjusted into the thickness of the reflective
area gap adjusting layer 468 so that the phase difference of the
reflective display portion 414 is And=A/4 and the phase dif-
ference of the transmissive display portion 412 is And=h/2.
The structure of the reflective area gap adjusting layer is
similarly used in the embodiments of the invention.

The element substrate 420 is also called, an element side
substrate, a TFT substrate, or a TFT side substrate and is a
substrate on which switching elements are disposed and
which opposed to the counter substrate 460. Plural films
patterned in a multi-layer structure are stacked on the element
substrate 420 by the use of a known film forming technique
and a pattern forming technique.

In the example of FIG. 4, the glass substrate 422, a semi-
conductor layer 424, a gate insulating film 426, a gate elec-
trode 428, an interlayer insulating film 430, source/drain elec-
trodes 432 and 433, an insulating film 434, a common
electrode 442, an FFS insulating film 440, a reflective elec-
trode 438, and a pixel electrode 436 are sequentially formed
from the backlight unit 416 to the liquid crystal layer 450. The
materials, sizes, forming methods, and the like can employ
known methods of manufacturing a general active matrix
liquid crystal display device and thus detailed description
thereof will be omitted.

Here, the configuration associated with the FFS system in
the transmissive display portion 412 includes the common
electrode 442 formed on the insulating film 434 and the pixel
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electrode 436 disposed on the common electrode 442 with the
FFS insulating film 440 interposed therebetween. The pixel
electrode 436 is provided with slits 437 and an electric field is
applied between the common electrode 442 and the pixel
electrode 436 by the use of the slits 437, thereby driving the
liquid crystal layer 450 in the transverse electric field driving
system.

On the other hand, the configuration associated with the
longitudinal electric field driving system in the reflective
display portion 414 includes the common electrode 442
formed on the insulating film 434 and the pixel electrode 436
disposed on the common electrode 442 with the FES insulat-
ing film 440 interposed therebetween and are different in that
the reflective electrode 438 is disposed. Here, the reflective
electrode 438 is formed after the common electrode 442 and
the FES insulating film 440 are formed and then is connected
to the pixel electrode 436. The reflective electrode 438 is a
conductive film having a function of reflecting and returning
the light from the counter substrate 460 to the counter sub-
strate 460. The common electrode 442 and the pixel electrode
436 have a function of forming a storage capacitor for driving
the liquid crystal layer 450 with the FFS insulating film 440
interposed therebetween.

Although not shown in FIG. 4, an alignment film is dis-
posed on the common electrode 442. Similarly, an alignment
film is disposed on the surface of the counter substrate 460
facing the liquid crystal layer 450.

FIGS. 5A, 5B, and 5C are plan views corresponding to the
cross-sectional view of FIG. 4. Here, one pixel consisting of
three sub pixels is shown sequentially in the processes of
forming the stacked structure of the element substrate 420.
FIG. 4 corresponds to the cross-sectional view taken along
line A-A of FIG. 5A. FIG. 5A shows a state when the insu-
lating film 434 is formed on the source/drain electrodes 432
and 433 and a contact hole is formed therein, FIG. 5B shows
a state when the common electrode 442 and the reflective
electrode 438 are formed, and FIG. 5C shows a state when the
pixel electrode 436 having the slits 437 is formed. In the
example shown in FIG. 5, the common electrode 442 is
formed over a plurality of pixels, but the common electrode
442 may be separated every sub pixel in some cases. How-
ever, assistant wires are required to supply potentials to the
common electrodes.

FIG. 6 is a diagram illustrating a relation to the reflective-
display common electrode 470 in the counter substrate. The
reflective-display common electrode 470 is disposed on the
counter substrate so as to face a part of the reflective display
portion 414.

Referring to FIG. 5A again, in each sub pixel, a gate line
429 and a data line 431 are wired to be perpendicular to each
other and a switching element 425 is disposed at the intersec-
tion. The gate line 429 serves a gate electrode 428 shown in
FIG. 4 at the position of the switching element 425 and the
data line 431 is connected to the source/drain electrodes 432
shown in FIG. 4. In this way, the liquid crystal display device
410 is a so-called active matrix type liquid crystal display
device in which the switching elements 425 are disposed at
the intersections between the plural gate lines 429 and the
plural data lines 431. The gate lines 429 are also called scan-
ning lines, scan lines, and scanning signal lines. The data lines
432 are also called signal lines, video signal lines, and image
signal lines.

The switching element 425 is a transistor including a gate
insulating film 426 formed on the semiconductor layer 424, a
gate electrode 428 disposed thereon, and source/drain termi-
nals connected to the source/drain electrodes 432 and 433 as
shown in FIG. 4 and can include, for example, a TFT (Thin
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Film Transistor). One of the source/drain terminals of the
switching element 425, for example, the drain terminal, is
connected to the data line 431 and the other, for example, the
source terminal, is connected to the pixel electrode 436. Since
the drain and the source are compatible with each other, the
source may be connected to the data line 431 and the drain
may be connected to the pixel electrode 436. In the switching
element 425, the drain and the source are electrically con-
nected to each other by selecting the gate line 429 and thus a
video signal from the data line 431 connected to the drain is
supplied to the pixel electrode 436.

A display operation of the liquid crystal display device 410
having the above-mentioned configuration will be described
below. Here, the relation between the polarizing axis of the
polarizing plate and the alignment axis of the liquid crystal
molecules is set as follows. That is, two polarizing plates
outside the glass substrates 422 and 462, that is, the element-
substrate polarizing plate 418 and the counter-substrate polar-
izing plate 419, are set so that the polarizing axes are perpen-
dicular to each other and the polarizing axis of any one
polarizing plate forms an angle of 45 degrees along with the
alignment axis of the liquid crystal molecules in a state where
a driving voltage supplied to the liquid crystal layer 450 is
turned off. In the state where the driving voltage is turned off,
the alignment axis of the liquid crystal molecules in the trans-
missive display portion 412 is parallel to the polarizing axis.
On the other hand, the liquid crystal molecules in the reflec-
tive display portion 414 rise perpendicular to the surfaces of
the glass substrates 422 and 462 in the state where the driving
voltage is turned on.

With this configuration, in the transmissive display portion
412, the light incident from the backlight unit 416 is changed
to a linearly polarized light through the element-substrate
polarizing plate 418, has a phase difference of A/2 to form a
linearly polarized light rotating by 90 degrees at the time of
passing through the liquid crystal layer 450, and passes
through the counter-substrate polarizing plate 419, thereby
making a white display (normally white), in the state where
the driving voltage is turned off. As described above, in the
transmissive display portion 412, the thickness of the liquid
crystal layer 450 is adjusted to the phase difference of And=p/
2. Accordingly, in the state where the driving voltage is turned
on, no phase difference occurs even at the time of passing
through the liquid crystal layer 450. Therefore, the incident
linearly polarized light is absorbed by the counter-substrate
polarizing plate 419, thereby making a black display.

On the contrary, the reflective display portion 414 in which
the thickness of the liquid crystal layer 450 is adjusted to
And=A/4 operates as follows. The incident light is changed to
alinearly polarized light through the counter-substrate polar-
izing plate 419. In the state where the driving voltage is turned
off, and the linearly polarized light is subjected to a phase
difference of A/4 at the time of passing through the liquid
crystal layer 450 is changed to a clockwise circularly polar-
ized light. Then, the resultant light is reflected and changed to
acounterclockwise circularly polarized light by the reflective
electrode 438 and is changed to a linearly polarized light
turned by 90 degrees while passing through the liquid crystal
layer 450. The resultant linearly polarized light is absorbed by
the counter-substrate polarizing plate 419, thereby making a
black display (normally black). In the state where the driving
voltage is turned on, since the liquid crystal molecules rise
perpendicular to the surfaces of the glass substrates 422 and
462, the incident light is not subjected to a phase difference at
the time of passing through the liquid crystal layer 450.
Accordingly, the reflected light is returned as the linearly
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polarized light and passes through the counter-substrate
polarizing plate 419, thereby making a white display.

In this way, the variations in transmittance with the driving
voltage, that is, the liquid crystal applied voltage, are opposite
in the transmissive display portion 412 and the reflective
display portion 414. That is, in the normally mode where the
driving voltage is turned off, the transmissive display portion
412 makes a white display and is normally white, while the
reflective display portion 414 makes a black display and is
normally black. On the contrary, when the driving voltage is
turned on, the transmissive display portion 412 makes a black
display and the reflective display portion 414 makes a white
display. In this way, the display is inverted in the transmissive
display portion 412 and the reflective display portion 414 of
the same sub pixel. This is a problem of a liquid crystal
display device in which the transverse electric field driving
system is used in the transmissive display portion and the
longitudinal electric field driving system is used in the reflec-
tive display portion as described in the related art and is also
a problem of the invention.

A method of driving a liquid crystal display device will be
described herein. FIG. 7 is an equivalent circuit diagram of a
pixel. Here, the pixel means a sub pixel. Hereinafter, the
method will be described by the use of the reference numerals
shown in FIGS. 4 to 7. In the sub pixel, as described above, a
switching element 425 is disposed at an intersection between
a gate line 429 denoted by Gate and a data line 431 denoted by
Video and a capacitor is formed between the pixel electrode
436 connected to the output terminal of the switching element
425 and the common electrode 442. In FIG. 7, a holding
capacitor in the transmissive display portion 412 is denoted
by TCg, aliquid crystal capacitor in the transmissive display
portion 412 is denoted by TC, ., a holding capacitor in the
reflective display portion 414 is denoted by RC -, and aliquid
crystal capacitor in the reflective display portion 414 is
denoted by RC; . The holding capacitors TC; ~and RC, ~are
formed between the pixel electrode 436 and the common
electrode 442 with the FFS insulating film 440 interposed
therebetween.

In the equivalent circuit, when the gate line 429 is selected
by a driving circuit not shown, the switching element 425 is
electrified, electric charges corresponding to the potential
difference between the data line 431 and the common elec-
trode 442 are accumulated in the capacitors TCg., TC, ,
RCq., and RC; ., and an electric field resulting from the
potential difference between the pixel electrode 436 and the
common electrode 442 is applied to the liquid crystal layer
450 in the respective sub pixels. In the holding period when
the gate line 429 is not selected, the potential of the pixel
electrode 436 is held by the capacitors TCg, TC, ., RC,,
and RC, ..

In the liquid crystal display device, in order to suppress
deterioration in display quality such as burn-in, a high image
signal voltage (positive) and a low image signal voltage
(negative) relative to the common potential as the potential of
the common electrode 442 are alternately input as the pixel
potential which is the potential of the pixel electrode 436 with
a predetermined cycle. That is, the liquid crystal layer 450 is
driven in an AC manner. Two methods described below can be
taken as an AC driving method of the liquid crystal layer 450.

One method is that the potential of the common electrode
442 is fixed to a predetermined value, in which the image
signal voltage applied to the pixel electrode 436 is varied from
a positive polarity to a negative polarity, and is also called a
common electrode DC driving method. The other method is
that the common electrode potential is varied between a high
potential and a low potential with a predetermined cycle and
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is also called a common electrode AC driving method. In this
case, the negative potential is used as theimage signal voltage
when the common electrode potential is high. On the con-
trary, the positive potential is used as the image signal voltage
when the common electrode potential is low. In general, the
common electrode AC driving method can more reduce the
output amplitude of the image signal in comparison with the
common electrode DC driving method, thereby suppressing
the power consumption of the circuit and thus reducing the
cost for the circuit.

A method of inverting the image signal voltage between the
positive polarity and the negative polarity with a cycle of 1
vertical period is called a frame inversion driving method and
a method of inverting the image signal voltage between the
positive polarity and the negative polarity with a cycle of 1
horizontal period is called an H-line inversion driving
method.

It is possible to suppress the burn-in or the like and to
reduce the amplitude of the image signal, by using the com-
mon electrode AC driving method and the H-line inversion
driving method. In addition, it is also possible to suppress
roughness of the screen by means of averaging the display
screen. Accordingly, as long as particularly not mentioned, it
is assumed hereinafter that the common electrode AC driving
method and the H-line inversion driving method are used.

An embodiment of the invention will be described now.
The same elements as described with reference to FIGS. 3 to
7 are denoted by the same reference numerals and detailed
description thereof'is omitted. FIG. 8 is a diagram illustrating
basic concept of an embodiment of the invention. That is, the
common electrode is divided into the transmissive display
portion 412 and the reflective display portion 414, which are
supplied with the potentials independently of each other.
Specifically, when it is assumed that the common electrode
for the transmissive display portion 412 is called a transmis-
sive-display common electrode 442 and the common elec-
trode for the reflective display portion 414 is called a reflec-
tive-display common electrode 470, the potential of the
transmissive-display common electrode 442 and the potential
of the reflective-display common electrode 470 are opposite
in phase to each other. In FIG. 8, the transmissive-display
common electrode 442 is denoted by COM and the reflective-
display common electrode 470 is denoted by XCOM, where
X indicates the opposite phase.

The opposite phase means that one is at a high potential
when the other is at a low potential and the other is at a high
potential when one 1s at a low potential. A magnitude of one
voltage amplitude may be different from the magnitude of the
other voltage amplitude. A middle voltage of one voltage
amplitude may be different from the middle voltage of the
other voltage amplitude.

A variation in common potential when the potential of the
transmissive-display common electrode and the potential of
the reflective-display common electrode are opposite in phase
to each other and independent of each other, and a correspon-
dence between a display state of the transmissive display
portion and a display state of the reflective display portion are
shown in FIG. 9. Here, the potential of the transmissive-
display common electrode COM as the common electrode of
the transmissive display portion and the potential of the
reflective-display common electrode XCOM as the common
electrode of the reflective display portion are opposite in
phase to each other. The same image signal is supplied to the
transmissive display portion and the reflective display por-
tion.

For example, as described above, the liquid crystal display
device is considered in which the transmissive display portion
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12 is set to the normally white mode and the reflective display
portion 14 is set to the normally black. Here, when it is
assumed that the potential of the transmissive-display com-
mon electrode COM is at a low potential, that is, at COM-L,
and the pixel electrode potential is at a high potential, the
liquid crystal applied voltage is great to correspond to the
state where the driving voltage is turned on, thereby making
a black display. At the same time, the potential of the reflec-
tive-display common electrode XCOM is at a high potential,
that is, at XCOM-H. Accordingly, since the liquid crystal
applied voltage is small to correspond to the state where the
driving voltage is turned off, thereby making a black display.
Similarly, when the pixel electrode potential is at a low poten-
tial, the transmissive display portion and the reflective display
portion both make a white display. At a different time, when
the transmissive display portion makes a white display at
COM-H and XCOM-L, the reflective display portion makes a
white display and when the transmissive display portion
makes a black display, the reflective display portion also
makes a black display.

In this way, by setting the potential of the transmissive-
display common electrode and the potential of the reflective-
display common electrode to be opposite in phase to each
other independently of each other, it is possible to embody a
liquid crystal display device having a transverse electric field
system with excellent display quality without inverting a
display in the transmissive display portion and the reflective
display portion. In addition, although it has been described
that the transmissive display portion 412 is in the normally
white mode and the reflective display portion 414 is in the
normally black mode, the same is true in the case where the
transmissive display portion 412 is in the normally black
mode and the reflective display portion 414 is in the normally
white mode. Hereinafter, examples having specific configu-
rations corresponding to the basic principle will be described.

EXAMPLE 2

When the common potentials opposite in phase to each
other are supplied to the transmissive display portion and the
reflective display portion, the voltage applied to the liquid
crystal layer every horizontal period may vary and thus affect
the display quality in some cases. Accordingly, by providing
two switching elements to one sub pixel, the pixel electrode
can be independently driven in the transmissive display por-
tion and the reflective display portion and thus the voltage
applied to the liquid crystal layer at the time of inverting the
common potential can be kept more constant. FIG. 7 is a
diagram illustrating such a state. The same elements as
described with reference to FIGS. 4 to 9 are denoted by the
same reference numerals and detailed description thereof is
omitted but uses the reference numerals shown in FIGS. 4 to
9. Here, one gate line 429 is provided with two switching
elements 423 and 425. Since one switching element 423 is in
the transmissive display portion 412, the output terminal
thereof is connected to the transmissive-display common
electrode 442 through a capacitor TC of the transmissive
display portion 412. Since the other switching element 425 is
in the reflective display portion 414, the output terminal
thereof is connected to a reflective-display holding capacitor
electrode 441 through a holding capacitor RCg,- of the reflec-
tive display portion 414 and is connected to the reflective-
display common electrode of the counter substrate 60 through
the liquid crystal capacitor RC, ..

FIG. 11 is a diagram illustrating a configuration associated
with a display driving operation of the liquid crystal display
device in which a transmissive-display switching element and
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areflective-display switching element are provided in one sub
pixel. Hereinafter, the same elements as described with ref-
erence to FIGS. 4 to 10 are denoted by the same reference
numerals and detailed description thereof is omitted but uses
the reference numerals shown in FIGS. 4 to 10. Here, the
switching element 423 for the transmissive-display portion
412 and the switching element 425 for the reflective-display
portion 414 are provided in each sub pixel and the transmis-
sive-display common electrode 442 for the transmissive dis-
play portion 412 and the reflective-display holding capacitor
electrode 441 for the reflective display portion 414 are drawn
out of the display area 480 every gate line 429 and are guided
to the common electrode control circuit 488.

The transmissive-display common electrodes 442 of the
gate lines are connected to each other outside the display area
480 to serve as a transmissive-display common electrode
terminal 490. Similarly, the reflective-display holding capaci-
tor electrodes 441 of the gate lines are connected to each other
outside the display area 480 to serve as a reflective-display
holding capacitor electrode terminal 491. In FIG. 11, the
transmissive-display common electrode 490 is denoted by
TCOM and the reflective-display holding capacitor electrode
terminal 491 is denoted by RCOM. These are called terminals
but may be connected simply.

The reflective-display common electrode 470 is also drawn
out of the display area 480 and is connected to the element
substrate 420 through a contact pad indicated as a reflective-
display common electrode contact 489. Specifically, as
shown in FIG. 11, the reflective-display holding capacitor
electrode terminal 491 and the reflective-display common
electrode 470 are connected to each other.

FIG. 12 is a timing diagram of the configuration shown in
FIG. 11. In FIG. 12, a variation in potential of the gate lines
and a variation in potential of the transmissive-display com-
mon electrode terminal TCOM and the reflective-display
common electrode terminal RCOM are shown. The same
elements as described with reference to FIGS. 4 to 11 are
denoted by the same reference numerals and detailed descrip-
tion thereof is omitted but uses the reference numerals shown
in FIGS. 4 to 11.

The potential of the transmissive-display common elec-
trode terminal TCOM and the potential of the reflective-
display common electrode terminal RCOM vary as a set every
horizontal period. The potential is inverted, for example, in a
flyback time just before a selection signal is input to “Gate N”
and the potential is held in the 1 horizontal period even after
the selection signal is input. The potential of the transmissive-
display common electrode terminal TCOM and the reflec-
tive-display common electrode terminal RCOM constituting
a set are opposite in phase to each other.

The polarity of an image signal is inverted every horizontal
period with a selection of a gate. For example, it is assumed
that “Gate N” is selected and the negative image signal is
input to the transmissive display portion corresponding to the
gate line. In this case, since the common electrode potential is
inverted in phase, the corresponding reflective display portion
is subjected to a positive writing operation. Next, when “Gate
N+1” is selected, the positive image signal is input to the
transmissive display portion corresponding to the gate line. In
this case, since the common electrode potential is inverted in
phase, the corresponding reflective display portion is sub-
jected to a negative writing operation.

By allowing the common electrode control circuit 488 to
operate in accordance with the timing diagram, it is possible
to make an excellent display without inverting a display in the
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transmissive display portion 412 and the reflective display
portion 414 while performing the H-line inversion driving
operation.

EXAMPLE 3

FIGS. 13 to 14C are a cross-sectional view and plan views
illustrating a liquid crystal display device 510 employing the
configuration shown in FIG. 10, respectively. The same ele-
ments as described with reference to FIGS. 4 to 12 are
denoted by the same reference numerals and detailed descrip-
tion thereof is omitted but uses the reference numerals shown
in FIGS. 4 to 12. FIG. 13 is a cross-sectional view of a sub
pixel of the liquid crystal display device 510 and corresponds
to FIG. 4. Here, two switching elements 423 and 425 are
provided in one sub pixel. The switching element 423 is for
the transmissive display portion 412 and the switching ele-
ment 425 is for the reflective display portion 414.

The liquid crystal display device 510 has the same configu-
ration as described with reference to FIG. 4 in the configura-
tions other than the element substrate 520 and thus the con-
figuration of the element substrate 520 will be described
below. Plural films patterned in a multi-layer structure are
stacked on the element substrate 520. In the example of FIG.
13, a glass substrate 422, a semiconductor layer 424, a gate
insulating film 426, a gate electrode 428, an interlayer insu-
lating film 430, source/drain electrodes 433 and 435, an insu-
lating film 434, first transparent conductive films 436 and
441, an FFS insulating film 440, a reflective electrode 438,
and second transparent conductive films 442 and 444 are
sequentially formed from the backlight unit 416 to the liquid
crystal layer 450. The materials, sizes, forming methods, and
the like can employ known methods of manufacturing a gen-
eral active matrix liquid crystal display device and thus
detailed description thereof will be omitted.

The first transparent conductive films 436 and 441 are
divided in the transmissive display portion 412 and the reflec-
tive display portion 414. The first transparent conductive film
serves as the pixel electrode 436 of the FFS type in the
transmissive display portion 412 and serves as the reflective-
display holding capacitor electrode 441 of the longitudinal
electric field driving type in the reflective display portion 414.

The second transparent conductive films 442 and 444 are
divided in the transmissive display portion 412 and the reflec-
tive display portion 414. The second transparent conductive
film serves as the common electrode 442 of the FES type in
the transmissive display portion 412 and serves as the pixel
electrode 444 of the longitudinal electric field driving type in
the reflective display portion 414.

Accordingly, in the configuration associated with the FFS
system in the transmissive display portion 412, the first trans-
parent conductive film 436 formed on the insulating film 434
serves as the pixel electrode 436 and the second transparent
conductive film 442 disposed on the first transparent conduc-
tive film 436 with the FFS insulating film 440 interposed
therebetween serves as the common electrode 442. The com-
mon electrode 442 is provided with slits 443 and an electric
field is applied between the common electrode 442 and the
pixel electrode 436 by the use of the slits 423, thereby driving
the liquid crystal layer 450 in the transverse electric field
driving system.

On the other hand, in the configuration associated with the
longitudinal electric field driving system in the reflective
display portion 414, the first transparent conductive film 441
formed on the insulating film 434 serves as the reflective-
display storage capacitor electrode 441 and the second trans-
parent conductive film 444 disposed on the first transparent
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conductive film 441 with the FFS insulating film 440 inter-
posed therebetween serves as the pixel electrode 444. The
reflective electrode 438 is provided then. Here, the reflective
electrode 438 is formed after the first transparent conductive
film 441 and the FFS insulating film 440 are formed, and then
is connected to the second transparent conductive film 444.
The reflective electrode 438 is a conductive film having a
function of reflecting and returning the light from the counter
substrate 460 to the counter substrate 460. The reflective-
display storage capacitor electrode 441 and the pixel elec-
trode 444 have a function of forming a storage capacitor for
driving the liquid crystal layer 450 with the FFS insulating
film 440 interposed therebetween. An alignment film is not
shown herein, similarly to FIG. 4.

FIGS. 14A, 14B, and 14C are plan views illustrating a
specific configuration. Here, two switching elements 423 and
425 are formed and two pixel electrodes and the common
electrode and the reflective-display holding capacitor elec-
trode are formed to correspond thereto. FIG. 14A shows a
state when two switching elements 423 and 425 are formed to
correspond to the transmissive display portion 412 and the
reflective display portion 414, the source/drain electrodes 433
and 435 corresponding thereto are formed, and then two
contact holes are formed therein, FIG. 14B shows a state
when first transparent conductive films 436 and 441 are
formed as the pixel electrode 436 of the transmissive display
portion 412 and the reflective-display holding capacitor elec-
trode 441 of the reflective display portion 414 and the reflec-
tive electrode 438 is formed thereafter, and FIG. 14C shows a
state when second transparent conductive films 442 and 444
are formed as the common electrode 442 of the transmissive
display portion 412 and the pixel electrode 444 of the reflec-
tive display portion 414.

As shown in FIG. 14B, the reflective-display holding
capacitor electrode 441 of the reflective display portion 414 is
drawn out of the display area. As shown in FIG. 14C, the
common electrode 442 of the transmissive display portion
412 is drawn out of the display area 480 and 1s subjected to a
predetermined connection in the common electrode control
circuit 488 outside of the display area 480 as shown in FIG.
11.

A modified example of FIG. 14C is shown in F1G. 15. The
transparent conductive film used as the common electrodes
and the pixel electrodes are made of ITO (Indium Tin Oxide)
or IZO (Indium Zinc Oxide). Since they generally have high
resistance, the resistance values thereof may cause a problem
at the time of drawing out the common electrodes out of the
display area. On the contrary, the reflective electrode is made
of aluminum, aluminum alloy, silver, or the like and thus has
a resistance value lower than that of ITO or IZO. Therefore,
the reflective electrode may be used to reduce the resistance of
the common electrodes.

FIG. 15 shows a state where a drawn line 447 made of the
same material as the reflective electrode is disposed in the
transmissive display portion 412. In this way, the resistance
can be reduced at the time of drawing the common electrode
442 out of the display area.

EXAMPLE 4

FIGS. 16 to 17B are a cross-sectional view and plan views
illustrating the liquid crystal display device 510 employing
shown in FIG. 10, respectively. The same elements as
described with reference to FIGS. 4 to 15 are denoted by the
same reference numerals and detailed description thereof is
omitted but uses the reference numerals shown in FIGS. 4 to
15. FIG. 16 is a cross-sectional view of a sub pixel of a liquid
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crystal display device 511 and corresponds to FIG. 13. Here,
a switching element 423 for the transmissive display portion
412 and a switching element 425 for the reflective display
portion 414 are provided in one sub pixel, as described with
reference to FIG. 13.

The liquid crystal display device 511 is different from the
liquid crystal display device 510 described with reference to
FIG. 13 in arrangement and use of the first transparent con-
ductive films and the second transparent conductive films of
the element substrate 521. Since the other configurations are
equal to those described with reference to F1G. 13, the con-
figuration of the element substrate 521 will be described
below. Plural films patterned in a multi-layer structure are
stacked on the element substrate 521. In the example of FIG.
16, a glass substrate 422, a semiconductor layer 424, a gate
insulating film 426, a gate electrode 428, an interlayer insu-
lating film 430, source/drain electrodes 433 and 435, an insu-
lating film 434, first transparent conductive films 436 and
441, an FFS insulating film 440, a reflective electrode 438,
and second transparent conductive films 436 and 444 are
sequentially formed from the backlight unit 416 to the liquid
crystal layer 450. The materials, sizes, forming methods, and
the like can employ known methods of manufacturing a gen-
eral active matrix liquid crystal display device and thus
detailed description thereof will be omitted.

The first transparent conductive films 442 and 441 are
divided in the transmissive display portion 412 and the reflec-
tive display portion 414. The first transparent conductive film
serves as the common electrode 442 of the FFS type in the
transmissive display portion 412 and serves as the reflective-
display holding capacitor electrode 441 of the longitudinal
electric field driving type in the reflective display portion 414.

The second transparent conductive films are divided in the
transmissive display portion 412 and the reflective display
portion 414 and both serve as the pixel electrodes 436 and
444. That is, the second transparent conductive film serves as
the pixel electrode 436 of the FFS type in the transmissive
display portion 412 and serves as the pixel electrode 444 of
the longitudinal electric field driving type in the reflective
display portion 414.

Accordingly, in the configuration associated with the FFS
system in the transmissive display portion 412, the first trans-
parent conductive film 442 formed on the insulating film 434
serves as the common electrode 442 and the second transpar-
ent conductive film 436 disposed on the first transparent con-
ductive film 442 with the FFS insulating film 440 interposed
therebetween serves as the pixel electrode 436. The pixel
electrode 436 is provided with slits and an electric field is
applied between the common electrode 442 and the pixel
electrode 436 by the use of the slits, thereby driving the liquid
crystal layer 450 in the transverse electric field driving sys-
tem.

On the other hand, in the configuration associated with the
longitudinal electric field driving system in the reflective
display portion 414, the first transparent conductive film 441
formed on the insulating film 434 serves as the reflective-
display storage capacitor electrode 441 and the second trans-
parent conductive film 444 disposed on the first transparent
conductive film 441 with the FFS insulating film 440 inter-
posed therebetween serves as the pixel electrode 444. The
reflective electrode 438 is provided then. Here, the reflective
electrode 438 is formed after the first transparent conductive
film 441 and the FFS insulating film 440 are formed, and then
is connected to the second transparent conductive film 444.
The reflective electrode 438 is a conductive film having a
function of reflecting and returning the light from the counter
substrate 460 to the counter substrate 460. The reflective-
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display storage capacitor electrode 441 and the pixel elec-
trode 444 have a function of forming a storage capacitor for
driving the liquid crystal layer 450 with the FFS insulating
film 440 interposed therebetween. An alignment film is not
shown herein, similarly to FIG. 10.

FIGS. 17A and 17B are plan views illustrating a specific
configuration, correspond to FIGS. 14B and 14C, and show a
state where two switching elements 423 and 425 are formed
and two pixel electrodes and two common electrodes are
formed to correspond thereto, as described with reference to
FIG. 14A. FIG. 17A show a state when the first transparent
conductive films 442 and 441 are formed as the common
electrode 442 of the transmissive display portion 412 and the
reflective-display holding capacitor electrode 441 of the
reflective display portion 414 and then the reflective electrode
438 is formed and FIG. 17B shows a state when the second
transparent conductive films 436 and 444 are formed as the
pixel electrode 436 of the transmissive display portion 412
and the pixel electrode 444 of the reflective display portion
414.

As shown in FIG. 17B, the common electrode 442 of the
transmissive display portion 412 and the reflective-display
holding capacitor electrode 441 of the reflective display por-
tion 414 are both drawn out of the display area 480 and is
subjected to a predetermined connection in the common elec-
trode control circuit 488 outside the display area 480, as
described with reference to FIG. 8.

EXAMPLE §

In Example 4, the common electrode potential is inverted
every horizontal period. Accordingly, the rising time and the
falling time may have an influence at the time of inversion,
with a decrease in | horizontal period. This is a problem
common to known liquid crystal display devices. A method of
connecting to each other the common electrode lines which
are independent of each other in the unit of gate line in the
display area outside the display area by even lines and by odd
lines and inputting the common electrode potential signals
inverted every vertical period to the lines are disclosed in
JP-A-2001-356356. Here, the common electrode potential of
the even lines connected to each other and the common elec-
trode potential of the odd lines connected to each other are
opposite in phase to each other. The inversion of the common
electrode potential is made every vertical period, thatis, every
frame scanning, as described above. The independent com-
mon electrode lines indicate independent lines by pixels.

FIG. 18 is a diagram illustrating a configuration where the
above-mentioned disclosure is changed to be applicable to the
liquid crystal display device and corresponds to FIG. 11. The
same elements as described with reference to FIGS. 4 to 17
are denoted by the same reference numerals and detailed
description thereof is omitted but uses the reference numerals
shown in FIGS. 4 to 17. Here, the reflective-display holding
capacitor electrodes 441 in the odd lines of the gate lines 429
and the transmissive-display common electrodes 442 in the
even lines thereof are connected as the first common electrode
terminal 494 to each other outside the display area 480. The
reflective-display holding capacitor electrodes 441 in the
even lines of the gate lines 429 and the transmissive-display
commor electrodes 442 in the odd lines thereof are connected
as the second common electrode terminal 495 to each other
outside the display area 480.

Similarly to FIG. 11, in FIG. 18, the transmissive-display
common electrode 442 for the transmissive display portion
412 and the reflective-display holding capacitor electrode 441
for the reflective display portion 414 are drawn out of the
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display arca 480 every gate line 429 and are guided to the
common electrode control circuit 492, The even and odd
numbers are relative to each other. In FIG. 18, the reflective-
display holding capacitor electrodes 441 of the first line, the
third line, the fifth line, and the like and the transmissive-
display common electrodes 442 of the second line, the fourth
line, the sixth line, and the like are connected to each other to
form the first common electrode terminal 494. The reflective-
display holding capacitor electrodes 441 of the second line,
the fourth line, the sixth line, and the like and the transmis-
sive-display common electrodes 442 of the first line, the third
line, the fifth line, and the like are connected to each other to
form the second common electrode terminal 495. In F1G. 18,
the first common electrode terminal 494 is denoted by COM
and the second common electrode terminal 495 is denoted by
XCOM.

Similarly, the reflective-display common electrodes 470
are drawn out of the display area 480 by the gate lines 429, are
merged into the first reflective-display common electrode
terminal 471 corresponding to the odd gate lines 429 and the
second reflective-display common electrode terminal 473
corresponding to the even gate line 429, depending on the first
common electrode terminal 494 and the second common
electrode terminal 495, and are connected to the element
substrate 420 through contact pads provided as reflective-
display common electrode contacts 496 and 497. Specifically,
as shown in FIG. 18, the first reflective-display common
electrode terminal 471 is connected to the first common elec-
trode terminal 494 and the second reflective-display common
electrode terminal 473 is connected to the second common
electrode terminal 495.

FIG. 19 is a timing diagram of the configuration shown in
FIG. 18 and corresponds to FIG. 12. In FIG. 19, a variation in
potential of the gate lines and a variation in potential of the
first common electrode terminal COM and the second com-
mon electrode terminal XCOM are shown. The same ele-
ments as described with reference to FIGS. 4 to 18 are
denoted by the same reference numerals and detailed descrip-
tion thereof is omitted but uses the reference numerals shown
in FIGS. 40 18.

The potential of the first common electrode terminal COM
and the potential of the second common electrode terminal
XCOM vary as a set every vertical period, that is, every frame
scanning. The potential is inverted, for example, in the fly-
back time just before a selection signal is input to “Gate 17
and the potential is held in the 1 vertical period even after the
selection signal is input. The potential of the first common
electrode terminal COM and the second common electrode
terminal XCOM, which constitutes a set, are opposite in
phase to each other.

The polarity of an image signal is inverted every horizontal
period with a selection of a gate. For example, it is assumed
that “Gate 1”is selected and the negative image signal is input
to the transmissive display portion corresponding to the gate
line. In this case, since the common electrode potential is
inverted in phase, the corresponding reflective display portion
1s subjected to a positive writing operation. Next, when “Gate
2” is selected, the positive image signal is input to the trans-
missive display portion corresponding to the gate line. In this
case, since the common electrode potential is inverted in
phase, the corresponding reflective display portion is sub-
jected to a negative writing operation.

Since the common electrode control circuit 492 operates in
accordance with the above-mentioned timing diagram, it is
possible to make a display with excellent display quality
without causing the display inversion between the transmis-
sive display portion 412 and the reflective display portion 414
while performing the H-line inversion driving mode.
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What is claimed is:

1. A liquid crystal display device comprising:

a first substrate;

a second substrate;

a liquid crystal interposed between the first substrate and
the second substrate; and

pixels each having a transmissive portion for performing a
transmissive display and a reflective portion for per-
forming a reflective display,

wherein the first substrate includes:

a plurality of data lines and a plurality of gate lines;

a plurality of switching elements disposed to form a pair
corresponding to each intersection between the plurality
of data lines and the plurality of gate lines;

first electrodes disposed in the reflective portion and the
transmissive portion connected to output terminals of
the pair of switching elements, respectively; and

a plurality of second electrodes disposed only in the trans-
missive portion and driving the liquid crystal by apply-
ing an electric field between the first electrodes and the
second electrodes,

wherein the second substrate includes a third electrode
third electrode being disposed only in the reflective por-
tion and driving the liquid crystal by applying an electric
field between the first electrodes and the third electrode,
and

wherein the potential of the second electrode and the
potential of the third electrode are opposite in phase to
each other; and

wherein the third electrodes in odd rows of the gate lines
and the second electrodes in even rows thereof are con-
nected as a first common electrode terminal to each
terminal to each other outside the display area and the
third electrodes in the even rows of the gate lines and the
second electrodes in the odd rows thereof are connected
as a second common electrode terminal to each other
outside the display area, and

wherein the potential of the first common electrode termi-
nal and the potential of the second common electrode
terminal are opposite in phase to each other and the
potential is alternated every vertical scanning period.

2. The liquid crystal display device according to claim 1,
wherein the third electrodes of the gate lines are connected as
a reflective-display common electrode terminal to each other
outside a display area,

wherein the second electrodes of the gate lines are con-
nected as a transmissive-display common electrode ter-
minal to each other outside the display area, and

wherein the potential of the reflective-display common
electrode terminal and the potential of the transmissive-
display common electrode terminal are opposite in
phase to each other and the potential is alternated every
horizontal period.

3. The liquid crystal display device according to claim 2,
wherein the first substrate has a reflective-display storage
capacitor disposed in the reflective portion.

4. The liquid crystal display device according to claim 3,
wherein the reflective-display storage capacitor has a reflec-
tive-display storage capacitor electrode that forms a storage
capacitor along with the first electrode, and

wherein the potential of the reflective-display storage
capacitor electrode is equal to the potential of the reflec-
tive-display common electrode terminal.

5. The liquid crystal display device according to claim 1,
wherein the thickness of the liquid crystal is set so that a phase
difference of the reflective portion is And=)/4 and a phase
difference of the transmissive portion is And=A/2.
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