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(57) ABSTRACT

In aliquid crystal display (I.CD) device having a touch panel
fanction, power consumption is reduced in the standby state.
The display section is divided into blocks each of which is
formed of a plurality of display lines. The counter electrode is
disposed for each block. A driving circuit selectively sup-
plies, to the counter electrode of each block, the voltage used
for the liquid crystal display and the voltage used for the touch
panel scanning. The driving circuit has a source amplifier that
supplies the video voltages to the video lines. The driving
circuit reduces the current in the source amplifier, such that
the current is lower than current at the time of a normal
operation, to lower the power consumption, and stops the
operation of the source amplifier and supplies the GND volt-
age to the video lines to further lower the power consumption.

MFPG




Patent Application Publication = Aug. 27,2015 Sheet 1 of 24 US 2015/0243241 A1

FIG.1

PRIOR ART



Patent Application Publication = Aug. 27,2015 Sheet 2 of 24 US 2015/0243241 A1

TX3

X2

TX1

PRIOR ART



Patent Application Publication = Aug. 27,2015 Sheet 3 of 24 US 2015/0243241 A1

TOTOTR T
ﬁﬁ&&a&%&%
Seseelutateletets!

"ol
e

%3
Segeielel
2505
£525
5%
K5
254583
K
20
oSeled
XAy

aately!
KL
Petalstelels
(K
4350
el
%3
&
B8
25
teTeet

505
58
-
5

&
R
2%
&
X
&
SRR
5!

o
X

L&
¢
£¥e%
tele!
2%

g
5

s,

5
ettt
SR
{ LK XK 00.0.0‘_#-
chatataty

STX

SRR IR
Satale bt
%&&ﬂ&&&
atet

FIG.3
4
e
PRIOR ART

(IR
K S SR
LEBHIIRKSL,

N,

A
93

X
X

5%




Patent Application Publication = Aug. 27,2015 Sheet 4 of 24 US 2015/0243241 A1




Patent Application Publication  Aug. 27,2015 Sheet 5 of 24 US 2015/0243241 A1




Patent Application Publication  Aug. 27,2015 Sheet 6 of 24 US 2015/0243241 A1

FIG.6

202




Patent Application Publication  Aug. 27,2015 Sheet 7 of 24 US 2015/0243241 A1

CT! oy
/[
K
1
]
GES ;
1
1
AR
1
1
1
1
CT20 |
ecne—Jd T\ ]
GTL\\ /GTL
e ) ﬂﬁ]ED ____________________ a ‘GEIB Nood | L
0o 0oo SUB1
d[!J[ J!]Eh.&\‘/
\\
S DT D T LT T T L T A O T O T T PRV

TAM



Patent Application Publication  Aug. 27,2015 Sheet 8 of 24 US 2015/0243241 A1

FIG.8

CT1

CT2
ya
r
Saddres
™~ ¥ | - Saddres
|
1
1
GES
GES 1
~ . /
1 |
cTSC AR
\\ |
[
1 L
CT10 | 4
|
Cr20 — |
DL,
LVate— : ) 1] // Lvste
2 BN 1 DR 1 B T ,//
Lveam LVecom
GTL — ]
____________________ Ofg, oood] || ——om
ooo
SuB1
I
i
\\
MO ]]f‘EE (SRR IRER AN A RN LR RARANRRAD] \'DRV




Patent Application Publication  Aug. 27,2015 Sheet 9 of 24 US 2015/0243241 A1

FIG.9

o— {g 0 I COMO 645} ————C<1:64>
0~ —1SCAN
20— 12 DEGI VH SCHT \soan
e 1 VH — NV i
—Iso—| 10 VL VCOM
+o— 14 0 n cOMO<1:64> {>C<65:128>
2218 bece | SCAN
o 12 VH SCH2  yscan
g e vHI v VCOM
10 VL
[>o— 14 0 n cOmO<1:64> £30<129:192>
o 13 — SCAN :
~o— 12 DEC3 VH 3CH3 VSCAN ;
i v w VCOM :
b0 10 VL :
i“ 0 1 COMO<1:64> 5C<1217-1280>
‘EZ: b bEG20 | SCAN
12 i va  SCHZ0 yeeay
1 VL VCOM
10 VL

addres STC Voom l Vste I

VGL

VGH



Patent Application Publication  Aug. 27,2015 Sheet 10 0of24  US 2015/0243241 Al

FIG.10
INV2 Vste
MP1
DECO COMB
MN1
STC Veom

INV1



Patent Application Publication  Aug. 27,2015 Sheet 11 0of24  US 2015/0243241 Al

FIG.11
NANDI1

ol VH NOR2

VH/ VH
VL

add < DECO

VH

VL YL

INV3

e VL

NAND2



US 2015/0243241 A1

Aug. 27,2015 Sheet 12 of 24

Patent Application Publication

19719

permmmeenns - (UBABY](]

b0L~ 14910

— =]~ (ppoy1Q



Patent Application Publication  Aug. 27,2015 Sheet 130f24  US 2015/0243241 Al

FIG.13
B A
1280ling \J\SQ%‘\_!'MM /
W \S‘@ﬁ
I Ji O 6‘6 ”__“_..., o
line |——0 - el
T30 T4

VSYNG 1

HSYNC .IIIIIII!IIIIIHIIIHIHIHIIIIIIII|l|||||||IlI|lI|||||




Patent Application Publication  Aug. 27,2015 Sheet 14 0of24  US 2015/0243241 Al

\ NN N
S o
V4
= o
h e /,—
O
LL o~
=~
N\
3
/1—
o
N <
2
.

108
N



Patent Application Publication

Aug. 27,2015 Sheet 150124  US 2015/0243241 Al

FIG.15A

Vste

VDL
r—-\VGH / /
VSP —- -
] |
[ |
VSN ‘

W

el |
J— — =

FIG.15B

Vstc

— VGH / vbL
VSP Z /




Patent Application Publication  Aug. 27,2015 Sheet 16 0of24  US 2015/0243241 Al

FIG.16

X1t
TX2-
TX3r

{

-

TXn—
TXn-1
TXn—L

(\ (\ h] \] )
RX1RX2 RXn-2| RXn
RXn-1



Patent Application Publication

TX1
TX2
TX3

TAn—2
TXn-1
TXn

RXn

TX1
TX2
TX3

TXn—2
TXn—1
TXn

FIG.17A
rRxn (0000000 A0CAAR ANANN AOMON AOA0AD [0
[ | N O
| O 1 | [
I N | | I
R O 1 A | O
1 T | B | O
I i I
< > > >
’ 1st FLM 2nd FLM 3rd FLM
FIG.17B
OLOOLID OO
1 I
1 0
10 11
(. L1
L0 I
T [
1st FLM n—th FLM

Aug. 27,2015 Sheet 17 of 24

US 2015/0243241 A1



Patent Application Publication  Aug. 27,2015 Sheet 18 0of24  US 2015/0243241 Al

FIG.18

RETURN BY TOUCH DETEGCTION OF TOUCH SENSOR

NORMAL
OPERATION

DISPLAY STATE:
NORMAL DISPLAY

STANDBY
STATE

DISPLAY STATE:
BLAGK DISPLAY

TOUCH SENSOR STATE:
ROUGH DETECTION

TOUCH SENSOR STATE:
MINUTE DETEGTION

SWITCH BY REGISTER SETTING FROM HOST



Patent Application Publication  Aug. 27,2015 Sheet 19 0of24  US 2015/0243241 Al




Patent Application Publication  Aug. 27,2015 Sheet 20 0of24  US 2015/0243241 Al




Patent Application Publication  Aug. 27,2015 Sheet 21 0of24  US 2015/0243241 Al




Patent Application Publication  Aug. 27,2015 Sheet 22 of24  US 2015/0243241 Al

FIG.22

121

sw1—“_)"0/ """ 1/
sw1rsw2——f"== —|_




Patent Application Publication  Aug. 27,2015 Sheet 23 0f24  US 2015/0243241 Al

FIG.23

110

132 131 107

NEANIAR o

VSP

133



US 2015/0243241 A1

Aug. 27,2015 Sheet 24 of 24

Patent Application Publication

(LNdLNO AND)

J04NOS DNIONd3Y +

JA0W J0T00
-8 '3 ONIAIJT NWNTOD

304dNOS ONIONAJ=Y -

JJON HO100-8
3 ONIAIHA NWNM10O -

3 ONIAIHA NWNT00-

¥ 30N NOILdWASNOD
d3IM0d MO

£ JA0N NOLLJANSNQD
dIMOd MO

¢ JA0W NOLLJANSNOD
HIMOd MO

1 3A0ON NOILdANSNOO
HIM0d MO

(LNdLNO OND) 440 NO NO NO NO 440 YFHMdNY NOWWOD
INJWLSNrav NO SHIIdNY LINOYID NOLLYYINTD [ H3ETIdAY
(ANdLNO AND) 440 - INTHEND MOT WoLl108/doL Ao | WNEON - 3591904 NOILYavaD
(INdLNO aND®) 340 = INIWLSAFAY INIHIND MO TYWHON TYWHON | LINOXHIO Y3IANdINY 30HN0S
ONIARNG 1IN0YI0
— TYWHON TYWHON IVINHON domad HNILLS00d NOLLYHINID)|
AONINOIYH MO IOA/HOA
340 NO NO NO NO 440 NSA 110410
NO NO NO NO NO 340 dSA NOILYYINID)|
— — DNIARA AONINOTHS MO TYWHON TVYINHON Q0N3d DNILSO0H NSA/dSA
= = - @) ) NOISHIANI NWT 100 QOHLIW
— — — — O NOISYIANI LOA ONIAIEA OV
DNILINM T3XId HO4
H3IEMdAY DNIdDO LS
ALMIGVdYO DNIAIA|  ALTTIEVAYD ONIAMNA
3LvD DNIONAIY 31VO BNIONAT -
JAIMA ONILIYM JAIHA ONILIIM ALIIEVdYD DNIARG -
ATLNILLINYILNI- ATINILLWYALNI| 354n0S BNIONGTY - s ozm%m_m w_,_w‘%w% _/_%W%om W3l
ALTIAVAYD DNIAIIA]  A1M1gvdyD DNIAMA JAOW HOT109-8 TVIWNHON

v¢ Ol




US 2015/0243241 Al

LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2012-123908 filed on May 31, 2012, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and particularly to a technique that is effectively
applied to an in-cell liquid crystal display device having a
built-in touch panel.

[0004] 2. Description of the Related Art

[0005] There are display devices having a device (herein-
after also referred to as a touch sensor or a touch panel) that
inputs information by performing a touch operation (contact
pressure operation, and hereinafter simply referred to as
touch) on a display screen with a user’s finger, a pen, or the
like. The display devices are used in mobile electronics such
as PDAs and portable terminals, various kinds of home appli-
ances, automated teller machines, and the like.

[0006] As such a touch panel, an electrostatic capacitance
type touch panel detecting a change in the capacitance of the
touched portion is known.

[0007] Well known as the electrostatic capacitance type
touch panel is a so-called in-cell liquid crystal display device
of which a liquid crystal display panel has a touch panel
function as disclosed in JP2009-258182A.

[0008] Inthe in-cell touch panel, the counter electrode (also
referred to as a common electrode (CT)), which is formed on
a first substrate (also referred to as a TFT substrate) consti-
tuting the liquid crystal display panel, is divided, and is also
used to serve as scarning electrodes of the touch panel.

SUMMARY OF THE INVENTION

[0009] In the in-cell liquid crystal display device having a
built-in touch panel, it is possible to reduce the number of
components by forming a liquid crystal display panel driver
IC, which drives the liquid crystal display panel, and a touch
panel driver IC, which detects a touch position, as a common
driver.

[0010] However, in the in-cell liquid crystal display device
having the built-in touch panel, when the liquid crystal dis-
play panel driver IC and the touch panel driver IC are formed
as a common driver, a voltage for driving the touch panel and
avoltage for driving the liquid crystal display panel are made
to be common.

[0011] The liquid crystal display device detects the touch
position on the touch panel even in a standby state. Hence,
there is a problem in that, in the standby state, the liquid
crystal display device s in a display off state in which “black”
is displayed on the liquid crystal display panel but neverthe-
less it is difficult to reduce power consumption in the liquid
crystal display device.

[0012] Theinvention has been made to solve the problem in
the related art, and it is an object of the invention to provide a
technique, which is capable of reducing power consumption
in the liquid crystal display device at the time when the
display is off, which displays “black’™ on the liquid crystal
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display panel in the standby state, for the in-cell liquid crystal
display device having the touch panel function.

[0013] Theabove object, other objects, and new features of
the invention are clarified by description and accompanying
drawings of the present specification.

[0014] Typical embodiments of the invention disclosed in
the present application will be briefly described as follows.
[0015] (1) According to a first aspect of the invention, there
is provided a liquid crystal display device including a liquid
crystal display panel that has a first substrate, a second sub-
strate, and a liquid crystal sandwiched between the first sub-
strate and the second substrate, in which there is provided a
display section formed of a plurality of pixels arranged in
matrix, wherein the second substrate has detection electrodes
of a touch panel, wherein the first substrate has a plurality of
video lines which supply video voltages to the respective
pixels, wherein each pixel has a pixel electrode and a counter
electrode, wherein the display section is divided into a plu-
rality of blocks each of which is formed of the pixels disposed
ona plurality of display lines adjacent to one another, wherein
the counter electrode is an electrode common to the pixels in
each block, wherein the counter electrode of each block also
functions as a scanning electrode of the touch panel, wherein
the liquid crystal display device has a driving circuit which
supplies the video voltages to the respective video lines and
supplies a counter voltage and a touch panel scanning voltage
to the counter electrodes of the respective blocks, wherein the
driving circuit has a source amplifier circuit which supplies
the video voltages to the video lines, wherein the source
amplifier circuit has a current adjustment circuit capable of
adjusting current flowing in the source amplifier circuit itself,
and wherein the driving circuit causes the current adjustment
circuit to reduce the current, which flows in the source ampli-
fier circuit, such that the current is lower than current, which
flows in the source amplifier circuit at the time of a normal
operation, in a first low power consumption mode for achiev-
ing lower power consumption than the normal operation, and
causes the current adjustment circuit to stop an operation of
the source amplifier circuit and supply a GND voltage to the
video lines in a second low power consumption mode for
achieving lower power consumption than the first low power
consumption mode.

[0016] (2) According to a second aspect of the invention,
there is provided a liquid crystal display device including a
liquid crystal display panel that has a first substrate, a second
substrate, and a liquid crystal sandwiched between the first
substrate and the second substrate, in which there is provided
a display section formed of a plurality of pixels arranged in
matrix, wherein the second substrate has detection electrodes
of a touch panel, wherein each pixel has a pixel electrode and
a counter electrode, wherein the display section is divided
into a plurality of blocks each of which is formed of the pixels
disposed on a plurality of display lines adjacent to one
another, wherein the counter electrode is an electrode com-
mon to the pixels in each block, wherein the counter electrode
of each block also functions as a scanning electrode of the
touch panel, wherein the liquid crystal display device has a
driving circuit which supplies a counter voltage and a touch
panel scanning voltage to the counter electrodes of the respec-
tive blocks, wherein the driving circuit has a common ampli-
fier circuit which supplies the counter voltage to the counter
electrodes, wherein the common amplifier circuit has a cur-
rent adjustment circuit capable of adjusting current flowing in
the common amplifier circuit itself, and wherein the driving
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circuit causes the current adjustment circuit to stop an opera-
tion of the common amplifier circuit and supply a GND
voltage to the counter electrodes in a low power consumption
mode for achieving lower power consumption than a normal
operation.

[0017] (3) Accordingtoa third aspect of the invention, there
is provided a liquid crystal display device including a liquid
crystal display panel that has a first substrate, a second sub-
strate, and a liquid crystal sandwiched between the first sub-
strate and the second substrate, in which there is provided a
display section formed of a plurality of pixels arranged in
matrix, wherein the second substrate has detection electrodes
of atouch panel, wherein each pixel has a pixel electrode and
a counter electrode, wherein the display section is divided
into a plurality of blocks each of which is formed of the pixels
disposed on a plurality of display lines adjacent to one
another, wherein the counter electrode is an electrode com-
mon to the pixels in each block, wherein the counter electrode
of each block also functions as a scanning electrode of the
touch panel, wherein the liquid crystal display device has a
driving circuit which supplies a counter voltage and a touch
panel scanning voltage to the counter electrodes of the respec-
tive blocks, wherein the driving circuit has a gradation volt-
age generation circuit which generates a plurality of grada-
tion voltages, wherein the gradation voltage generation
circuit has a plurality of amplifier circuits which output the
plurality of gradation voltages, wherein each amplifier circuit
has a current adjustment circuit capable of adjusting current
flowing in the amplifier circuit itself, and wherein the driving
circuit causes the current adjustment circuit of a middle
amplifier circuit other than a top amplifier circuit, which
outputs a highest gradation voltage, and a bottom amplifier
circuit, which outputs a lowest gradation voltage, among the
plurality of amplifier circuits, to stop an operation of the
corresponding middle amplifier circuit, in a first low power
consumption mode for achieving lower power consumption
than a normal operation, causes the current adjustment circuit
of the middle amplifier circuit to stop the operation of the
corresponding middle amplifier circuit and causes the current
adjustment circuits of the top amplifier circuit and the bottom
amplifier circuit to reduce current, which flows in the top
amplifier circuit and the bottom amplifier circuit, such thatthe
current is lower than current, which flows in the amplifier
circuit at the time of the normal operation, in a second low
power consumption mode for achieving lower power con-
sumption than the first low power consumption mode, and
causes the current adjustment circuits of the respective ampli-
fier circuits, which output the plurality of gradation voltages,
to stop operations of the respective amplifier circuits and
supply a GND voltage as the lowest gradation voltage, in a
third low power consumption mode for achieving lower
power consumption than the second low power consumption
mode.

[0018] (4) According to a fourth aspect of the invention,
there is provided a liquid crystal display device including a
liquid crystal display panel that has a first substrate, a second
substrate, and a liquid crystal sandwiched between the first
substrate and the second substrate, in which there is provided
a display section formed of a plurality of pixels arranged in
matrix, wherein the second substrate has detection electrodes
of a touch panel, wherein the first substrate has a plurality of
scanning lines which supply a selection scanning voltage
VGH and a non-selection scanning voltage VGL to the
respective pixels, wherein each pixel has a pixel electrode and
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a counter electrode, wherein the display section is divided
into a plurality of blocks each of which is formed of the pixels
disposed on a plurality of display lines adjacent to one
another, wherein the counter electrode is an electrode com-
mon to the pixels in each block, wherein the counter electrode
of each block also functions as a scanning electrode of the
touch panel, wherein the corresponding liquid crystal display
device has a driving circuit which outputs the VGH and the
VGL and supplies a counter voltage and a touch panel scan-
ning voltage to the counter electrodes of the respective
blocks, and wherein the driving circuit has a charge-pump
VGH/VGL generation circuit which generates the VGH and
the VGL, and sets an ON/OFF period of a switching circuit in
the VGH/VGL generation circuit such that the ON/OFF
period is longer than an ON/OFF period at the time of a
normal operation, in a low power consumption mode for
achieving lower power consumption than the normal opera-
tion.

[0019] (5)According to a fifth aspect of the invention, there
is provided a liquid crystal display device including a liquid
crystal display panel that has a first substrate, a second sub-
strate, and a liquid crystal sandwiched between the first sub-
strate and the second substrate, in which there is provided a
display section formed of a plurality of pixels arranged in
matrix, wherein the second substrate has detection electrodes
of a touch panel, wherein the first substrate has a plurality of
video lines which supply video voltages to the respective
pixels, wherein each pixel has a pixel electrode and a counter
electrode, wherein the display section is divided into a plu-
rality of blocks each of which is formed of the pixels disposed
ona plurality of display lines adjacent to one another, wherein
the counter electrode is an electrode common to the pixels in
each block, wherein the counter electrode of each block also
functions as a scanning electrode of the touch panel, wherein
the liquid crystal display device has a driving circuit which
supplies the video voltages to the respective video lines and
supplies a counter voltage and a touch panel scanning voltage
to the counter electrodes of the respective blocks, wherein the
driving circuit has a source amplifier circuit which supplies
the video voltages to the video lines, and a VSP generation
circuit, which supplies a high potential voltage VSP to the
source amplifier circuit, and a VSN generation circuit which
supplies a low potential voltage VSN to the source amplifier
circuit, wherein the VSP generation circuit and the VSN
generation circuit are switching-regulator-type step-up cir-
cuits, and wherein the driving circuit reduces switching fre-
quencies of the VSP generation circuit and the VSN genera-
tion circuit, in a first low power consumption mode for
achieving lower power consumption than the normal opera-
tion, and reduces the switching frequency of the VSP genera-
tion circuit and stops an operation of the VSN generation
circuit, in a second low power consumption mode for achiev-
ing lower power consumption than the first low power con-
sumption mode.

[0020] The typical effects, which can be obtained by the
invention disclosed in the present application, will be briefly
described as follows.

[0021] According to the liquid crystal display device hav-
ing the touch panel function of the invention, it is possible to
reduce power consumption in the liquid crystal display device
at the time when the display is off which displays “black” on
the liquid crystal display panel in the standby state.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG.11is anexploded perspective view illustrating a
schematic configuration of a touch-panel-attached liquid
crystal display device according to an example of the related
art.

[0023] FIG. 2 is a top plan view illustrating an electrode
configuration of the touch panel shown in FIG. 1.

[0024] FIG. 3 is a cross-sectional view illustrating a cross-
section structure of the touch panel shown in FIG. 1.

[0025] FIG. 4 is an exploded perspective view illustrating a
schematic configuration of a touch-panel-built-in liquid crys-
tal display device.

[0026] FIG. 5 is a diagram illustrating a counter electrode
and detection electrodes in the touch-panel-built-in liquid
crystal display device shown in FIG. 4.

[0027] FIG. 6 is a schematic cross-sectional view illustrat-
ing, in an enlarged manner, apart of the cross section of a
display section in the touch-panel-built-in liquid crystal dis-
play device shown in FIG. 4.

[0028] FIG. 7 is a top plan view illustrating an example of
the counter electrode divided into a plurality of blocks in the
liquid crystal display device according to an example of the
invention.

[0029] FIG. 8 is a top plan view illustrating a method of
driving the counter electrode divided into the plurality of
blocks in the liquid crystal display device according to
another example of the invention.

[0030] FIG. 9is a block diagram illustrating an exemplary
configuration of the counter electrode selection circuit shown
in FIG. 8.

[0031] FIG. 10 is a circuit diagram illustrating an exem-
plary circuit configuration of selection circuits shown in FIG.
9.

[0032] FIG. 11 is a circuit diagram illustrating an exem-
plary circuit configuration of the address decoder circuit
shown in FIG. 9.

[0033] FIG. 12 is a diagram illustrating a driving waveform
at the time of pixel writing and at the time of touch panel
detection in the touch-panel-built-in liquid crystal display
device.

[0034] FIG. 13 is a diagram illustrating the timing of the
pixel writing and the timing of the touch panel detection in the
touch-panel-built-in liquid crystal display device.

[0035] FIG. 14 is a diagram illustrating a circuit configu-
ration of a liquid crystal driver IC according to an example of
the invention.

[0036] FIG.15A is a diagram illustrating main liquid crys-
tal driving voltages at the time of normal display of the liquid
crystal display device according to the example of the inven-
tion.

[0037] FIG.15B is a diagram illustrating main liquid crys-
tal driving voltages at the time of “black” display of the liquid
crystal display device according to the example of the inven-
tion.

[0038] FIG. 16 is a diagram illustrating an electrode shape
of the touch panel of the liquid crystal display device accord-
ing to the example of the invention.

[0039] FIGS. 17A and 17B are diagrams illustrating touch
panel scanning operations according to the example of the
invention.

[0040] FIG. 18 is a system state transition diagram of the
liquid crystal display device according to the example of the
invention.
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[0041] FIG. 19 is a diagram illustrating a circuit configu-
ration of a source amplifier circuit according to the example
of the invention.

[0042] FIG. 20 is a diagram illustrating a circuit configu-
ration ofa common amplifier circuit according to the example
of the invention.

[0043] FIG. 21 is a diagram illustrating a circuit configu-
ration of a gradation voltage generation circuit according to
the example of the invention.

[0044] FIG. 22 is a diagram illustrating a circuit configu-
ration of a VGH/VGL generation circuit according to the
example of the invention.

[0045] FIG. 23 is a diagram illustrating a circuit configu-
ration of a VSP/VSN generation circuit according to the
example of the invention.

[0046] FIG. 24 is an explanatory diagram illustrating com-
binations of various kinds of adjustment circuit states for
achieving lower power consumption in the standby state in
the liquid crystal display device according to the example of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Hereinafter, examples of the invention will be
described in detail with reference to the accompanying draw-
ings.

[0048] It should be noted that, in overall diagrams for
describing the examples, the components having the same
function are represented by the same reference numerals and
signs, and the repeated description will be omitted. Further,
the following examples do not limit interpretation of claims
of the invention.

[0049] FIG. 1is an exploded perspective view illustrating a
schematic configuration of a touch-panel-attached liquid
crystal display device according to an example of the related
art. FIG. 2 is a top plan view illustrating an electrode configu-
ration of the touch panel shown in FIG. 1. FIG. 3 is a cross-
sectional view illustrating a cross-section structure of the
touch panel shown in FIG. 1.

[0050] Generally, as shown in FIG. 2, the touch panel has
scanning electrodes (TX) and detection electrodes (RX) for
detecting capacitances. In the drawing, for example, the num-
ber of the scanning electrodes (TX) is three (TX1 to TX3),
and the number of the detection electrodes (RX) is two (RX1,
RX2), but the number of electrodes is not limited to this.
[0051] Further, as shown in FIGS. 1 and 3, the touch panel
includes: a touch panel substrate 41; the scanning electrodes
(TX) and the detection electrodes (RX) formed on the touch
panel substrate 41; an interlayer insulation film 42 formed on
the scanning electrodes (TX) and the detection electrodes
(RX); connection portions (STX) that are formed on the inter-
layer insulation film 42 and electrically connect the scanning
electrodes (TX); a passivation film 43 formed on the connec-
tion portion (STX); a front window (or, protection film) 44
disposed on the passivation film 43; and a transparent elec-
trode 45 that serves as a shield formed of for example an ITO
(Indium Tin Oxide) film on the liquid crystal display panel
side of the touch panel substrate 41.

[0052] In the touch panel of the related art, a touch panel
control IC (DRT) performs pulse driving of the scanning
electrodes (TX) with a voltage of about 5V to 10V, and the
touch panel control IC (DRT) detects changes in the voltages
of the detection electrodes (RX), thereby detecting the touch
position. That is, the capacitance value between the scanning
electrode (TX) and the detection electrode (RX) is changed



US 2015/0243241 Al

by a finger or the like, the voltage, which is detected by the
detection electrode (RX) when the scanning electrode (TX) is
pulse-driven, is changed, and the voltage of the detection
electrode (RX) is measured, whereby the touch position is
detected.

[0053] The touch panel is provided on the front surface of
the liquid crystal display panel. Accordingly, in order for a
user to view the image which is displayed on the liquid crystal
display panel, it is necessary to transmit the display image
through the touch panel. Hence, it is preferable that the touch
panel have a high optical transmittance.

[0054] The liquid crystal display panel includes, as shown
in FIG. 1: a first substrate (SUBI,; hereinafter referred to as a
TFT substrate); a second substrate (SUB2; hereinafter
referred to as a CF substrate); and a liquid crystal (not shown
in the drawing) that is sandwiched between the TFT substrate
(SUBL1) and the CF substrate (SUB2).

[0055] Further, the TFT substrate (SUB1) has a larger area
than the CF substrate (SUB2). Thus, in the region in which the
TFT substrate (SUB1) is not opposed to the CF substrate
(SUB2), aliquid crystal driver IC (DRV) is mounted. Further-
more, in the peripheral portion of one side of the correspond-
ing region, a main flexible wiring substrate (MFPC) is
mounted.

[0056] In addition, in FIG. 1, the reference sign “CT” rep-
resents a counter electrode (also referred to as a common
electrode), “TFPC” represents a flexible wiring substrate for
touch panel, “CD” represents aback-side transparent conduc-
tive film, “52” represents a connection member, and “53”
represents a flexible wiring substrate for connection.

[0057] In the IPS liquid crystal display panel, contrary to
the TN liquid crystal display panel or the VA liquid crystal
display panel, there is no counter electrode (CT) on the sub-
strate on which the color filters are provided. Hence, it is
necessary to reduce display noise. For this reason, a back-side
transparent conductive film (CD) formed of a transparent
conductive film such as ITO is formed on the substrate on
which the color filters are provided.

[0058] FIG. 4 is an exploded perspective view illustrating a
schematic configuration of a touch-panel-built-in liquid crys-
tal display device having a touch panel which is built in the
liquid crystal display panel.

[0059] InFIG. 4, the reference sign “2” represents the TFT
substrate, “3” represents the CF substrate, “21” represents the
counter electrode (also referred to as a common electrode),
“5” represents the liquid crystal driver IC, “MFPC” repre-
sents the main flexible wiring substrate, “40” represents a
front window, and “53” represents the flexible wiring sub-
strate for connection.

[0060] Inthe liquid crystal display device shown in FIG. 4,
the back-side transparent conductive film (CD) on the CF
substrate 3 is divided to have a band-like pattern, and the
detection electrodes (RX) 31 of the touch panel are formed by
the divided back-side transparent conductive film. The
counter electrode 21 formed inside the TFT substrate 2 is
divided to have a band-like pattern, that is. divided into a
plurality of blocks, and also serves as scanning electrodes
(TX) of the touch panel. Because the detection electrodes
(RX) and the scanning electrodes (TX) are formed in this
manner, the touch panel substrate (41 of FIG. 1) is removed
from theliquid crystal display device shown in FIG. 4. Hence,
in the liquid crystal display device shown in FIG. 4, the
function of the touch panel control IC (DRT) shown in FIG. 1
is provided in the liquid crystal driver 105.
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[0061] Next, referring to FIG. 5, the counter electrodes 21
and the detection electrodes 31 of the liquid crystal display
device shown in FIG. 4 will be described.

[0062] As described above, the counter electrodes 21 are
provided on the TFT substrate 2. Plural (for example, about
20) counter electrodes 21 are connected at both ends thereof
in common, and are connected to a counter electrode signal
line 22.

[0063] Inthe liquid crystal display device shown in FIG. 5,
the bundle-like counter electrodes 21 also function as the
scanning electrodes (TX). Accordingly, the counter electrode
signal includes a counter voltage used in the image display
and a touch panel scanning voltage used in detecting the touch
position.

[0064] The detection electrodes 31 are disposed with a
certain space relative to the counter electrodes 21, and a
capacitance is formed between each detection electrode 31
and each counter electrode 21. Accordingly, when the touch
panel scanning voltage is applied to the counter electrode 21,
a detection signal is generated in the detection electrode 31.
The detection signal is extracted to the outside through a
terminal 36 for detection electrode.

[0065] In addition, dummy electrodes 33 are formed on
both sides of each detection electrode 31. The detection elec-
trodes 31 extend at one end, and form a detection electrode
terminal 36 having a T shape. Further, not only the counter
electrode signal line 22 but also various lines and terminals
such as a driving circuit input terminal 25 and the like are
formed on the TFT substrate 2.

[0066] FIG. 6 is a schematic cross-sectional view illustrat-
ing, in an enlarged manner, a part of the cross section of a
display section in the liquid crystal display device shown in
FIG. 4.

[0067] As shown in FIG. 6, a pixel section 200 is provided
on the TFT substrate 2, and each counter electrode 21 is used
in the image display as a part of a pixel. Further, a liquid
crystal composition 4 is sandwiched between the TFT sub-
strate 2 and the CF substrate 3. As described above, a capaci-
tance is formed between each detection electrode 31 provided
on the CF substrate 3 and each counter electrode 21 provided
onthe TFT substrate. Thus, whena driving signal is applied to
the counter electrode 21, the voltage of the detection elec-
trode 31 is changed.

[0068] At this time, as shown in FIG. 6, if an electric con-
ductor such as a finger 502 approaches or touches the front
window 40, the capacitances change and the voltages gener-
ated in the detection electrodes 31 are changed compared to
the case where there is no approach or touch.

[0069] As described above, by detecting the changes in the
capacitances generated between the counter electrodes 21
and the detection electrodes 31 formed on the liquid crystal
display panel, a function of the touch panel is provided in the
liquid crystal display panel.

[0070] FIG. 7 is a top plan view illustrating an example of
the counter electrode divided into a plurality of blocks in the
liquid crystal display device according to an example of the
invention. In FIG. 7, the reference sign “SUB1” represents the
TFT substrate, “DRV” represents the liquid crystal driver IC,
“CT1” to “CT20” represent the counter electrodes of the
blocks divided to have the band-like pattern, “DL” represents
the video line, “CTL” represents a counter electrode line,
“GES” represents a scanning line driving circuit which is
built in the liquid crystal display panel, “GTL” represents a
signal line for scanning line driving circuit, “TAM” repre-
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sents a terminal portion which is connected to the main flex-
ible wiring substrate (MFPC), and “AR” represents a display
section formed of a plurality of pixels arranged in matrix.
[0071] The example shown in FIG. 7 employs a driving
circuit, which has a circuit configuration using an a-Si single
channel as the scanning line driving circuit (GES), or a driv-
ing circuit which has a circuit configuration using a poly-Si
single channel of which a semiconductor layer is formed of an
n-type polysilicon layer.

[0072] Inthe electrostatic capacitance type touch panel, in
order to detect the change in the electrostatic capacitance
caused by a finger or the like, it is preferable that the width of
the scanning electrode (TX) for the touch panel performing
the AC driving be about 4 to 5 mm. Hence, as the size of the
liquid crystal display panel increases, the number of scanning
electrodes (TX) increases.

[0073] In the example shown in FIG. 7, the counter elec-
trodes (CT) of 1280 display lines are divided into 20 blocks
(single block is formed of the counter electrode of 64 display
lines) formed of CT1 to CT20, and it is necessary for 20
counter electrode lines (CTL) to be provided on each of the
left and right sides.

[0074] Thecounter electrodes (CT1to CT20)of the respec-
tive blocks deteriorate image quality when voltages are
changed by parasitic capacitances in the display operation.
Hence, it is necessary to decrease the resistance values of the
counter electrode lines (CTL) which connect the liquid crys-
tal driver IC (DRV) to the counter electrodes (CT1 to CT20)
of the respective blocks.

[0075] Further, since there are lines on the scanning line
driving circuit (GES), the counter electrode lines (CTL) are
not mounted on the scanning line driving circuit (GES).
Hence, the counter electrode lines (CTL) are disposed to be
closer to the counter electrodes (CT) than the scanning line
driving circuits (GES).

[0076] FIG. 8 is a top plan view illustrating a method of
driving the counter electrode divided into the plurality of
blocks in the liquid crystal display device according to
another example of the invention.

[0077] Theliquid crystal display device shown in FIG. 8 is
different from the liquid crystal display device shown in FIG.
7 in that the counter electrode selection circuits (CTSC),
which select the respective counter electrodes (CT1 to CT20)
divided into 20 blocks through an address decoding method,
are built in the liquid crystal display panel.

[0078] In FIG. 8, a driving circuit having a CMOS circuit
configuration is used as the counter electrode selection circuit
(CTSO).

[0079] By adopting the address decoding method as the
method of selecting the counter electrodes (CT1 to CT20)
divided into the 20 blocks, the lines, for which low resistances
are necessary, are two lines of a line (LVcom) of a counter
voltage (Vcom), which is supplied to the counter electrodes
(CT1 to CT20), and a line (LVstc) of a touch panel scanning
voltage (Vstc).

[0080] In the example, the touch panel scanning voltage
(Vstc) is supplied as a DC voltage which s higher by 5 to 10V
than the counter voltage (Vcom). The counter electrode selec-
tion circuit (CTSC) selects a scanning location on the basis of
the address signal (addres) which is supplied through an
address signal line (Saddres), switches the counter voltage
(Vecom) and the touch panel scanning voltage (Vstc) in
response to the touch panel scanning signal (STC), and out-
puts the counter voltage (Vcom) or the touch panel scanning
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voltage (Vstc) to the counter electrode (CT) of the elected
block which also serves as the scanning electrode (TX).
[0081] Inthe liquid crystal display device shown in FIG. 8,
even when the number of divisions of the counter electrode
(CT) increases, only the number of the address signal lines
(Saddres) increases. Therefore, in a state where the left and
right frames of the liquid crystal display panel are prevented
from being increased, it is possible to increase the number of
divisions of the counter electrode used as the touch panel
scanning electrodes.

[0082] FIG. 9is a block diagram illustrating an exemplary
configuration of the counter electrode selection circuit
(CTSC) shown in FIG. 8.

[0083] As shown in FIG. 9, the counter electrode selection
circuit (CTSC) includes address decoder circuits (DEC1 to
DEC20) and selection circuits (SCH1 to SCH20).

[0084] Inthe liquid crystal display device shown in FIG. 8,
a single block is formed by electrically connecting the
counter electrodes (CT), each corresponding to the 64 display
lines, to one another in the liquid crystal display panel such
that the pitch of the scanning electrodes (TX) of the touch
panel is 5 mm, whereby the 1280 display lines are divided into
20. Then, the counter electrodes (CT1 to CT20) of the 20
blocks correspond one-to-one with the address decoder cir-
cuits (DEC1 to DEC20). Since the number of divisions is 20
blocks, the address is 5 bits, and 5 address signal lines (Sadd)
are necessary.

[0085] Thecounterelectrode ofthe single block selected by
the address signal (addres), that is, the counter electrode (CT)
corresponding to the 64 display lines is AC-driven on the
basis of the touch panel scanning signal (STC), and the
counter voltage is applied to the other counter electrodes
(CT).

[0086] FIG. 10 is a circuit diagram illustrating an exem-
plary circuit configuration of selection circuits (SCH1 to
SCH20) shown in FIG. 9.

[0087] Inthe selection circuit shown in FIG. 10, the output
(DECO) of the address decoder circuit (DEC1 to DEC20) and
the inverted signal of the touch panel scanning signal (STC),
which is inverted by an inverter (INV1), are input to a NOR
circuit (NOR1). The selection circuit causes the inverter
(INV2) to invert the output of the corresponding NOR circuit
(NORT1) and inputs the output to a switching circuit (SW),
thereby selecting the touch panel scanning voltage (Vstc) or
the counter voltage (Vcom) and outputting the voltage to the
counter electrodes (CT1 to CT20) of the respective blocks.
[0088] Thereby, when one of the address decoder circuits
(DEC1 to DEC20) is selected, the touch panel scanning volt-
age (Vstc) and the counter voltage (Vecom) are switched in
response to the touch panel scanning signal (STC), and the
voltage is output to the counter electrode of each block.
[0089] That is, in the selection circuit shown in FIG. 8,
when the output (DECO) of the address decoder circuit
(DEC1 to DEC20) is at the Low level (hereinafter referred to
as the L. level) and the touch panel scanning signal (STC) is at
the High level (hereinafter referred to as the H level), the
output of the NOR circuit (NOR1) is at the H level, and
therefore the switching circuit (SW) selects the touch panel
scanning voltage (Vstc). In contrast, when the touch panel
scanning signal (STC) is at the L level or the output (DECO)
of the address decoder circuit (DEC1 to DEC20) is at the H
level, the output of the NOR circuit (NOR1) is at the L level,
and therefore the switching circuit (SW) selects the counter
voltage (Vcom).
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[0090] FIG. 11 is a circuit diagram illustrating an exem-
plary circuit configuration of the address decoder circuit
(DEC1 to DEC20) shown in FIG. 9.

[0091] As shown in FIG. 11, in the address decoder circuit
(DEC1 to DEC20), the address signal as it is or the inverted
signal, which is generated by inverting the address signal
through the inverter (INV), is input to each of the 5 address
signals (addres), and decoding is performed on the basis of
the combination of the H and L levels of the 5 address signals
(addres).

[0092] Inthe address decoder circuit shown in FIG. 11, the
address signal (add), which is a predetermined combination
of the 5 address signals (addres), is input to NAND circuits
(NAND1, NAND2), and the outputs of the corresponding
NAND circuits (NAND1, NAND2) are input to a NOR circuit
(NOR?2). Then, the output of the corresponding NOR circuit
(NOR?2) is inverted by the inverter (INV3), and becomes the
output (DECO) of the address decoder circuit. Accordingly,
the address decoder circuit shown in FIG. 11 outputs the
voltage with the L level as the output (DECO) when the
combination of the address signals coincides with the com-
bination of the address signals set by the address decoder
circuit itself, and outputs the voltage with the H level as the
output (DECO) when the combination of the address signals
does not coincide with the combination of the address signals
set by the address decoder circuit itself.

[0093] FIG. 12 is a diagram illustrating a driving waveform
at the time of pixel writing and at the time of touch position
detection on the touch panel in the touch-panel-built-in liquid
crystal display device.

[0094] InFIG. 12, the signal waveform. A indicates a pulse
waveform of the touch panel scanning voltage (Vstc) which
appears in the output voltage of the selection circuit (SCH11)
supplied to the counter electrode (CT11) of the 641 to 704
display lines of the 11th block among the counter electrodes
divided into the 20 blocks. Further, the signal waveform B
indicates a waveform of a video voltage supplied to the video
lines (DL) of the odd columns. The signal waveform. C indi-
cates a waveform of a video voltage supplied to the video
lines (DL) of the even columns. The signal waveform D
indicates a pulse waveform of the gate signal (selection scan-
ning voltage) which is supplied to the gate electrode of the
thin film transistor at the 641st display line through the 6415t
scanning line (GL). Furthermore, the time period T1 indicates
atouch position detection time period. and the time period T2
indicates a pixel writing time period.

[0095] The touch position detection time period (T1) is set
as a time period other than the pixel writing time period (T2)
in order to prevent the effect to the display. Further, in the
touch position detection time period (T1), in order to increase
the detection sensitivity, scanning is performed plural times
by the scanning electrode (TX) at the same location. Specifi-
cally, in FIG. 12, the counter electrode (CT11) of the 11th
block is supplied with the touch panel scanning voltage (Vstc)
plural times. Further, in the pixel writing time period (T2), the
counter electrode (CT11) of the 11th block is not supplied
with the touch panel scanning voltage (Vstc), but supplied
with the counter voltage (Vcom).

[0096] FIG. 13 is a diagram illustrating the timing of the
pixel writing and the timing of the touch position detection on
the touch panel in the touch-panel-built-in liquid crystal dis-
play device.

[0097] In FIG. 13, the reference sign “A” indicates the
timing of pixel writing from the 1st display line to the 1280th
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display line in the pixel writing time period (T4) of the single
frame, and the reference sign “B” indicates the timing of
detecting the touch position on the touch panel in the counter
electrodes (CT1 to CT20) of the respective blocks divided
into the 20 blocks.

[0098] As shown in FIG. 13, by causing the counter elec-
trode of an arbitrary display line to function as the scanning
electrode (TX), the scanning operation at the time of touch
position detection is performed at a location different from
that of the gate scanning which performs pixel writing. It
should be noted that, in FIG. 13, the reference sign “T3”
represents a flyback period, “VSYNC” represents a vertical
synchronization signal, and “HSYNC” represents a horizon-
tal synchronization signal.

[0099] FIG. 14 is a diagram illustrating a circuit configu-
ration of the liquid crystal driver IC (DRV) according to an
example of the invention.

[0100] As shown in FIG. 14, in the liquid crystal driver IC
(DRV) according to the example, various circuits for driving
the liquid crystal display panel are mounted on the same
semiconductor chip. Specifically, the liquid crystal driver IC
has the following built-in components: a control circuit 101
for the scanning line driving circuit (GES); a source amplifier
circuit 102; a gradation voltage generation circuit 103; a
VGH/VGL generation circuit 108; a VSP/VSN generation
circuit 107; a TX control circuit 104; a common amplifier
circuit 105; and a RX detection circuit 106. The liquid crystal
driver IC5 and the scanning line driving circuit (GES) con-
stitute a driving circuit for both of a liquid crystal display
function and a touch panel function in the liquid crystal dis-
play panel. It should be noted that the TX control circuit 104
1s a circuit, which is hitherto mounted on the exclusive semi-
conductor chip, for the touch panel control function. Further,
in FIG. 14, the reference numbers “109” and *“110” represent
external components.

[0101] Then, in order to optimize the circuit size of the
semiconductor chip, the power supply of the TX control
circuit 104, the common amplifier circuit 105, and the RX
detection circuit 106 is configured such that the voltages of
various voltage generation circuits for driving the liquid crys-
tal display panel are shared.

[0102] FIGS. 15A and 15B show voltage signals used in
driving the liquid crystal in the liquid crystal display device
according to the example. FIG. 15A shows liquid crystal
driving voltages at the time of normal display. FIG. 15B
shows liquid crystal driving voltages at the time of “black”
display.

[0103] In FIGS. 15A and 15B, VGH is a voltage which is
supplied to the scanning line of the liquid crystal display
panel in order to turn on the thin film transistors (TFT) of
pixels, and VGL is a voltage which is supplied to the scanning
line of the liquid crystal display panel in order to turn off the
thin film transistors (TFT) of pixels.

[0104] VDL is a video voltage which is output from the
source amplifier circuit 102 and is supplied to the video line
(DL) of the liquid crystal display panel.

[0105] Vcom is a counter voltage which is supplied to the
counter electrodes (CT). In the liquid crystal display device
according to the example, the dot inversion driving method
and the column inversion driving method are adopted as the
AC driving method. Hence, the counter voltage (Vcom),
which is supplied to the counter electrodes (CT), is a constant
voltage in the time period other than that of the scanning
operation at the time of touch position detection.
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[0106] Vstc is a touch panel scanning voltage which is
supplied to the selected counter electrodes (CT) in the time
period of the scanning operation at the time of touch position
detection.

[0107] VSP and VSN are power supply voltages of the
source amplifier circuit 102, and are voltages necessary for
generating the output voltage of the source amplifier circuit
102.

[0108] As described above, in the scanning operation at the
time of touch position detection on the touch panel, the
counter electrodes (CT) function as the scanning electrodes
(TX) at a location different from that of the gate scanning for
performing pixel writing, and the touch panel scanning volt-
age (Vstc)is supplied to the counter electrodes (CT). Then, by
detecting the changes in the detection voltage detected
through the detection electrodes (RX) in the RX detection
circuit 106 in synchronization with the timing of the scanning
operation, the touch panel function is implemented.

[0109] The liquid crystal driving voltages at the time of
“black” display shown in FIG. 15B are the same as the volt-
ages in FIG. 15A other than the video voltage (VDL) which is
output from the source amplifier circuit 102. However, the
voltage difference between the common voltage (Vcom) and
the video voltage at the time of “black” display is minimized.
[0110] FIG. 16 is a diagram illustrating an electrode shape
of the touch panel of the liquid crystal display device accord-
ing to the example.

[0111] The scanning electrodes (TXn) of FIG. 16 corre-
spond to the divided counter electrodes (CT1 to CT20) shown
in FIGS. 7 and 8, and the detection electrodes (RXn) corre-
spond to the detection electrodes 31 shown in FIG. 4.

[0112] FIG. 18 is a system state transition diagram of the
liquid crystal display device according to the example.
[0113] At the time of the normal operation shown in FIG.
18, a normal image is displayed on the liquid crystal display
panel, and the liquid crystal display panel is driven on the
basis of the voltage relation shown in FIG. 15A.

[0114] Further, at the time of the normal operation, as
shown in FIG. 17A, the touch panel scanning voltage (Vstc)
is output for each frame (FLM), whereby the scanning opera-
tion for detecting the touch position on the touch panel is
performed. In such a manner, the touch panel function is
operated all the time.

[0115] As shown in FIG. 18, in a standby state of register
setting made from the host, the “black” image is displayed on
the liquid crystal display panel. Further, in the standby state,
as shown in FIG. 17B, the touch panel scanning voltage
(Vste) is not supplied for each frame, but is thinned out to be
output to plural frames (FLM) once, whereby the scanning
operation for detecting the touch position on the touch panel
is performed. In such a manner, power consumption is
reduced.

[0116] When the touch panel and the liquid crystal display
panel are controlled by anindividual semiconductor chip, the
“black” display is non-display (not operated), and the electric
power ideally reaches 0.

[0117] However, in the system configuration of the
example, the voltage for the touch panel function and the
driving voltage for display are generated as a common volt-
age. Herice, in order to operate the touch panel function even
in the “black” display in the standby state, it is necessary to
operate various voltage generation circuits for driving the
liquid crystal display device.
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[0118] Therefore, in the liquid crystal driver IC (DRV) of
the example, power consumption of “black” display is
reduced, and thus low power consumption is achieved by the
combination of adjustment and stop of various voltage gen-
eration circuits to be described later.

[0119] FIG. 19 shows a circuit configuration of the source
amplifier circuit 102 according to the example.

[0120] As shown in FIG. 19, in the source amplifier circuit
102 of the example, the amplifier circuit (voltage follower
circuit; AMPD) is connected to a current adjustment circuit
(VDIo) which has a function capable of adjusting current
through the register setting. In the standby state, the source
amplifier circuit 102 lowers current, which is output from the
current adjustment circuit (VDIo), compared with the normal
operation, and reduces the current which flows in the ampli-
fier circuit (AMPD), thereby achieving low power consump-
tion. Further, the current adjustment circuit (VDIo) may be
deactivated. At the time of the inactivation, a ground voltage
(GND) is output by a switching circuit (SWD).

[0121] FIG. 20 shows a circuit configuration of the com-
mon amplifier circuit 105 according to the example.

[0122] As shown in FIG. 20, in the common amplifier cir-
cuit 105 of the example, the amplifier circuit (voltage fol-
lower circuit; AMPC) is connected to a current adjustment
circuit (VClo) which has a function capable of adjusting
current through the register setting. In the standby state, the
common amplifier circuit 105 lowers current, which is output
from the current adjustment circuit (VClo), compared with
the normal operation, and reduces the current which flows in
the amplifier circuit (AMPC), thereby achieving low power
consumption. Further, the current adjustment circuit (VClo)
may be deactivated. At the time of the inactivation, a ground
voltage (GND) is output by a switching circuit (SWC).
[0123] FIG. 21 shows a circuit configuration of the grada-
tion voltage generation circuit 103 according to the example.
It should be noted that FIG. 21 shows only the gradation
voltage generation circuit which generates positive gradation
voltages, but in practice, there is also provided a gradation
voltage generation circuit which generates negative gradation
voltages.

[0124] As shown in FIG. 21, the gradation voltage genera-
tion circuit 103 according to the example has gradation volt-
age generation resistances (VR) of which the resistance val-
ues are variable in the register setting, in which amplifier
circuits (AMPR1 to AMPR3) are disposed at the output
points of the gradation voltages (video voltages) applied to
the liquid crystal in the gradation voltage generation resis-
tances (VR).

[0125] Theamplifier circuits (AMPR1 to AMPR3) are con-
nected to the current adjustment circuits (VR1Io to VR31o)
each of which has a function capable of adjusting current
through the register setting. In the standby state, the gradation
voltage generation circuit 103 lowers current, which is output
from each current adjustment circuit (VR 1o to VR31o), com-
pared with the normal operation, and reduces the current
which flows in each amplifier circuit (AMPR1 to AMPR3),
thereby achieving low power consumption. Further, each cur-
rent adjustment circuit (VR1Io to VR3Io) may be deactivated.
At the time of the inactivation, a ground voltage (GND) is
output by each switching circuit (SWR1 to SWR3).

[0126] FIG. 22 shows a circuit configuration of a VGH/
VGL generation circuit 108 according to the example.
[0127] The VGH/VGL generation circuit 108 shown in
FIG. 22 is a charge-pump-type step-up circuit using only
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capacitors (C1 to C3) as external circuits (external circuits
109 of FIG. 14). The VGH/VGL generation circuit 108 has a
switching circuit (SW1) and a switching circuit (SW2) which
switch connections of the plural capacitors (C1 to C3), and
generates high voltages from the low voltage of about 3V
which is input from the outside by alternately switching the
switching circuit (SW1) and the switching circuit (SW2).
[0128] The circuit shown in FIG. 22 has a configuration for
generating a certain 1-level voltage. When generating volt-
ages with plural levels, plural circuits shown in FIG. 22 are
provided.

[0129] The adjustment circuit 121 provided in the VGH/
VGL generation circuit 108 is able to adjust switching periods
of the switching circuit (SW1) and the switching circuit
(SW2) in accordance with the register setting, whereby the
VGH/VGL generation circuit 108 is able to adjust the current
supply capability.

[0130] FIG. 23 shows a circuit configuration of the VSP/
VSN generation circuit 107 according to the example.
[0131] Thecircuitis a circuit used in the voltage generation
circuit that generates about 6V which the current supply
capability of the circuit configuration of FIG. 22 is not enough
to supply.

[0132] In FIG. 23, in the example of the circuit configura-
tion that generates only the VSP voltage, one set of the same
circuit configuration is additionally necessary at the time of
VSN voltage generation.

[0133] The external circuit 110 includes, as shown in FIG.
23, an inductor (L), a Schottky barrier diode (D), a capacitor
(C), and aMOS transistor (TR). The gate on/off control of the
MOS transistor (TR) is performed by the PWM generation
circuit 131. The PWM generation circuit 131 fixes the fre-
quency of the gate pulse, and controls the high width and the
low width of the gate pulse. The VSP/VSN generation circuit
107 has a built-in period adjustment circuit 132 capable of
adjusting the frequency of the gate pulse in accordance with
the register setting.

[0134] In the circuit of FIG. 23, the energy of the inductor
(L) generated by the switching of the MOS transistor (TR) is
rectified by the Schottky barrier diode (D), whereby it is
possible to obtain a constant voltage. The capacitor (C) holds
the constant voltage, and uses the voltage, which is held in the
capacitor, as a VSP voltage.

[0135] The voltage comparator circuit 133 compares the
VSP voltage, which is held in the capacitor (C), with a refer-
ence voltage set as a target voltage, and the PWM generation
circuit 131 keeps the VSP voltage constant by controlling the
high width and the low width of the pulse in accordance with
the comparison result.

[0136] FIG. 24 shows combinations of various kinds of
adjustment circuit states for achieving lower power consump-
tion in the standby state in the liquid crystal display device
according to the example.

[0137] First, at the time of the normal operation shown in
FIG. 18, the liquid crystal display device is driven by the dot
inversion driving method or the like, and displays the normal
image on the liquid crystal display panel. At that time, it is
necessary for the liquid crystal display device to be driven by
using the liquid crystal driving voltages shown in FIG. 15A.
Hence, the current capabilities of various voltage generation
circuits are optimized such that the electric power is mini-
mized, but are set on the basis of a normal specification which
is not extremely limited.
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[0138] Meanwhile, the liquid crystal display device may be
in the display off state, in which “black” is displayed on the
liquid crystal display panel, as the standby state shown in
FIG. 18. In this case, as shown in FIG. 15B, the video voltage
(VDL), which is output from the source amplifier circuit 102,
has no potential difference from the common voltage
(Vcom), in which current is unlikely to be charged or dis-
charged to the liquid crystal. Accordingly, the low power
consumption is achieved in accordance with the situation.
[0139] First, in the low power consumption mode 1, the AC
driving method of the liquid crystal panel is changed from the
dot inversion driving method into a column inversion driving
method (or an inversion driving method for each column),
whereby the charged or discharged current is reduced to be
applied once in a single frame in the liquid crystal.

[0140] At this time, only “black”is displayed on the liquid
crystal display panel. Hence, in the gradation voltage genera-
tion circuit 103, it is enough to operate a minimum necessary
number of amplifier circuits. Accordingly, only the amplifier
circuits of approximately 6V and the GND voltage, that is, a
top amplifier circuit (AMPR1), which is an amplifier circuit
outputting the highest gradation voltage, and a bottom ampli-
fier circuit (AMPR3), which is an amplifier circuit outputting
the lowest gradation voltage, are operated, and the middle
amplifier circuit, which is an amplifier circuit of the middle
voltage other than those, is deactivated, thereby achieving
low power consumption.

[0141] Next, the low power consumption mode 2 will be
described. In the standby state, the charged or discharged
current necessary for the source amplifier circuit 102 is small.
Hence, it is possible to reduce the current capability of VSP/
VSN as the power supply voltage of the source amplifier
circuit 102. Accordingly, in the low power consumption mode
2, in addition to the above-mentioned setting made in the low
power consumption mode 1, the pulse period of the PWM
generation circuit 131 of the VSP/VSN generation circuit 107
is set to be increased by the period adjustment circuit 132, and
the current capability is set to be low, thereby achieving low
power consumption.

[0142] Further, in addition to this, the amounts of currents
in the source amplifier circuit 102 and only the two active
amplifier circuits (AMPR1, AMPR3) of the gradation voltage
generation circuit 103 are adjusted to be minimized. thereby
achieving low power consumption.

[0143] Inthelow power consumption mode 3, inaddition to
the setting of the low power consumption mode 2, the gate
scanning of the liquid crystal display panel is thinned out for
each one frame to be performed once in n frames, the electric
power of the scanning line driving circuit (GES) is reduced,
and the switching periods of the switching circuit (SW1) and
the switching circuit (SW2) are set to be increased by the
adjustment circuit 121 of the VGH/VGL generation circuit
108, thereby achieving further low power consumption.
[0144] Inthelow powerconsumption mode 4, in addition to
the setting of the low power consumption mode 3, by deacti-
vating the source amplifier circuit 102 and the amplifier cir-
cuits of the gradation voltage generation circuit 103, the out-
puts of the amplifier circuits are set to the GND voltage by the
switching circuits (SWD, SWR3). Furthermore, by also deac-
tivating the common amplifier circuit 105, the output of the
common amplifier circuit 105 is set to the GND voltage.
[0145] Thereby, the negative voltage applied to pixels is
eliminated, and thus the VSN generation circuit becomes
inactive, whereby the current is reduced. The VSP generation
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circuit remains active since it is necessary to output the touch
panel scanning voltage (Vstc) at the time of the touch position
detection.

[0146] With such combinations, low power consumption is
achieved in the integral driver IC which performs the touch
panel driving and the liquid crystal driving. It should be noted
that the combinations of FIG. 24 are examples and low power
consumption can be achieved in other combinations.

[0147] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel that has a first substrate, a
second substrate, and a liquid crystal sandwiched
between the first substrate and the second substrate;

aplurality of pixels formed in a display section of the liquid
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8. The liquid crystal display device according to claim 1,

wherein scanning operations are performed for sequen-
tially supplying the scanning voltage to the common
electrodes,

wherein a number of the scanning operations in the second
mode is less than a number of the scanning operations in
the first mode.

9. The liquid crystal display device according to claim 1,

further comprising:

a'VSP generation circuit that supplies a potential voltage to
the common electrodes; and

a' VSN generation circuit that supplies a negative voltage to
the common electrodes,

wherein one of the VSP generation circuit and the VSN
generation circuit is stopped in the second mode.

10. The liquid crystal display device according to claim 1,

wherein the first substrate has the common electrodes, and
the second substrate has the detection electrode.

11. A driver chip that is used for a liquid crystal display

crystal display panel;

a detection electrode for detecting a conductor approach-
ing or touching;

a plurality of pixel electrodes respectively formed in the
pixels;

device having a detection electrode for detecting a conductor
approaching or touching, a plurality of pixel electrodes
respectively formed in the pixels, and a plurality of common
electrodes respectively formed as facing to the pixel elec-
trodes,

a plurality of common electrodes respectively formed as

facing to the pixel electrodes;

a common voltage circuit supplying a common voltage for

displaying an image to the common electrodes;

a scanning control circuit supplying a scanning voltage for

detecting the conductor to the common electrodes; and

a detection circuit detecting a detection voltage of the

detection electrode,
wherein the display device has a first mode for displaying
an image in the display section and a second mode for
not displaying an image in the display section, and

wherein the detection circuit detects the detection voltage
in the second mode.

2. The liquid crystal display device according to claim 1,

wherein the common voltage is not supplied to the com-

mon electrodes in the second mode.

3. The liquid crystal display device according to claim 2,

wherein a ground voltage is supplied to the common elec-

trodes in the second mode.

4. The liquid crystal display device according to claim 2,
further comprising a third mode for supplying the common
voltage to the common electrodes and not displaying an
image in the display section.

5. The liquid crystal display device according to claim 1,

wherein the detection circuit detects the detection voltage

in the first mode, and

wherein power consumed for detecting the detection volt-

age in the second mode is lower than power consumed
for detecting the detection voltage in the first mode.

6. The liquid crystal display device according to claim 1,

wherein the detection circuit detects the detection voltage

in the first mode, and

wherein detection accuracy of the detection voltage in the

second mode is lower than detection accuracy of the
detection voltage in the first mode.

7. The liquid crystal display device according to claim 1,

wherein the liquid crystal display panel is set to a display

off state in which black is displayed in the display sec-
tion in the second mode.

wherein the driver chip controls a driving circuit that
includes a common voltage circuit supplying a common
voltage for displaying an image to the common elec-
trodes, a scanning control circuit supplying a scanning
voltage for detecting the conductor to the common elec-
trodes, and a detection circuit detecting a detection volt-
age of the detection electrode,

wherein the driver chip controls a first mode for displaying
an image in the display section and a second mode for
not displaying an image in the display section, and

wherein the drive chip causes the detection circuit to detect
the detection voltage in the second mode.

12. The driver chip according to claim 11,

wherein the driver chip stops supplying the common volt-
age to the common electrodes in the second mode.

13. The driver chip according to claim 12,

wherein the driver chip supplies a ground voltage to the
common electrodes in the second mode.

14. The driver chip according to claim 12,

wherein the driver chip controls a third mode for supplying
the common voltage to the common electrodes and not
displaying an image in the display section.

15. The driver chip according to claim 11,

wherein the driver chip causes the detection circuit to
detect the detection voltage in the first mode, and

wherein power consumed for detecting the detection volt-
age in the second mode is lower than power consumed
for detecting the detection voltage in the first mode.

16. The driver chip according to claim 11,

wherein the driver chip causes the detection circuit to
detect the detection voltage in the first mode, and

wherein detection accuracy of the detection voltage in the
second mode is lower than detection accuracy of the
detection voltage in the first mode.

17. The driver chip according to claim 11,

wherein the driver chip sets the liquid crystal display panel
to a display off state in which black is displayed in the
display section in the second mode.
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18. The driver chip according to claim 11,

wherein the driver chip controls scanning operations for
sequentially supplying the scanning voltage to the com-
mon electrodes, and

wherein a number of the scanning operation in the second
mode is less than a number of the scanning operation in
the first mode.
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