DI SPLAY SYSTEM TECHNI CAL FI ELD The present invention relates to a display
systemin which a device including a conductive thin plate such as a touch
panel is provided ona display device such as a |liquid crystal display
device so that the display device and the conductive thin plate are
integrated with each other. BACKGROUND ART An input device such as a touch
panel which detects a point on a panel surface which point is touched wth
a pen or a finger includes a conductive sheet. Patent Docunent 1 (Japanese
Unexami ned Patent Publication No. 167677/2003 ( Tokukai
2003-167677) (Publ i cation date: -2 June 13, 2003) discloses a

touch-panel -integrated display device in which the input device and the

di spl ay device such as a liquid crystal display device are conbined with
each other. The touch panel is electrically connected to a touch panel
controller so as to detect a position via which information is inputted to
the touch panel wth a pen. Nornmally, the touch-panel-integrated display
device is arranged so that the touch panel controller is conpletely

i ndependent froma driving circuit for driving the display device.

Recently, the above-nentioned touch-panel-integrated display device

(di splay system has
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The present invention relates to a display system in
which a device including a conductive thin plate such as
a touch panel is provided on a display device such as a
liquid crystal display device so that the display device and

the conductive thin plate are integrated with each other

BACKGROUND ART

An input device such as a touch panel whih
detects a point on a panel surface which point is touched
with a pen or a finger includes a conductive sheet. Patent
Document 1 (Japanese Unexamined Patent Publication No.

16767772003 (Tokukai 2003-167677)(Publication date:



been nore wi dely adopted to a portable device, so that the display device
has becone thinner and lighter. Thus, there are tendencies to naking the
device thinner by nmaking glass constituting the touch panel thinner and to
maki ng the device lighter by using plastic instead of glass. In case of
usi ng such a touch panel, this raises the follow ng problem a driving
signal of the display device influences the touch panel, so that the touch
panel is vibrated, which results in nei se. This noise is generated as
foll ows. The display device or the touch panel is electrically charged by:
static el eciimety3 g3} elisichoshe apmotelrt panedtietegslaitee dfisphaypen in
touching the touch -3 panel; friction generated in pressing the pen agai nst
the panel slenvfiaeejnewfhalchattion;ingdttdevidikeandndhandesetayi devibar ge
thereof is influenced by the driving signal of the display device, so that

a force whi gliclardes Mdhidassagel aisplae devigenarat edmbimedpwitiabl e
information termnal having a sound collecting function or a tel ephone

function, them@tsrr. sSTRedtGheh partdiais tdle chpiRar) ndoRmRRIte ks gore
per cei vabl e. However, at the present stage, we found a docunment regarding a

t gﬁgp'ngreng ?gg%:lhglfj’ﬁél: gggg%wlrerregeeagfto derecral gwlﬂi@nvvpa[ 3 hodh OF
qui d crystal displ devi ce (see Patent
Docunent 2 ipformation is inputted to the touch panel with a pen.
Normally, the touch-panel-integrated display device is
arranged so that the touch panel controller is completely
independent from a driving circuit for driving the display
device.

Recently, the above-mentioned
touch-panel-integrated display device (display system) has
been more widely adopted to a portable device, so that the
display device has become thinner and lighter. Thus,
there are tendencies to making the device thinner by
making glass constituting the touch panel thinner and to
making the device lighter by using plastic instead of
glass.

In case of using such a touch panel, this raises the
following problem: a driving signal of the display device
influences the touch panel, so that the touch panel is
vibrated, which results in noise. This noise is generated
as follows. The display device or the touch panel is

electrically charged by: static electricity generated in the

production step; slide of the pen in touching the touch



(Japanese Unexam ned Patent Publication No. 295162/2003 (Tokukai

2003- 295162) (Publication date: October 15, 2003)), but it is not reported
that any study is carried out on the foregoing problemof the display
device provided with the device having the conductive sheet such as the
touch panel. No docunent regarding the problemwas found as far as the
inventors of the present invention are concerned. The present invention was
made in view of the foregoing problensy _and an object of the present
invention is to reduce occurrence of noise, vibration, and audible noise
in a displaypaysiedricioh gererdtedec inparessingeghat pdndissgd iaystdethiece,
including (i) a -4 device having a conductive thin plate and (ii) a display
devi ce. Dl SGABUREs QFfd AYENS fOY dtie ri;nwerd otlse ofikid)e apid st el eriid on
diligently studied the foregoing problenms. As a result of the diligent

study, they dwapgei thepssi hkeihfuattee BY $Be Mirkvai ogigraad ofaudieb! e noi se
by applying, to a touch panel input device, a noise cancel signal whose

anpl i tude angihase qahvicedudd thit b apréapkhiiede vaided Rhagepaksagdiving
signal applied to” a display device such as a liquid crystal panel’, thereby

g?gﬁ: 2%’”9;6‘1‘9 tPARS AL e ited 14Nal PortableCiHeErh@ 138hY et AfidLr €90i ng
having a sound collecting function or a telephone function,
the noise is audible, so that the foregoing problem is more
perceivable.

However, at the present stage, we found a document
regarding a technique for suppressing occurrence of
abnormal minute vibration or abnormal noise in a thinner
liquid crystal display device (see Patent Document 2
(Japanese Unexamined Patent Publication No.
295162/2003 (Tokukai 2003-295162)(Publication date:
October 15, 2003)), but it is not reported that any study
is carried out on the foregoing problem of the display
device provided with the device having the conductive
sheet such as the touch panel. No document regarding the
problem was found as far as the inventors of the present
invention are concerned.

The present invention was made in view of the
foregoing problems, and an object of the present invention
is to reduce occurrence of noise, vibration, and audible
noise in a display system, such as a

touch-panel-integrated display device, including (i) a



di spl ay system according to the present invention includes a display device
and a device provided on a display section of the display device and havi ng
one or nore conductive thin plates, and the display systemincludes: a

di spl ay device driving section for driving the display device; and a signal
application section for applying, to the device having one or nore
conductive thin plates, a noise cancel signal whose anplitude and phase are
equal wth an anplitude and a phase of4a driving signal applied fromthe
di spl ay device driving section to the display device. According to the

f oregoi ng ardevigemdrdvidy appbyidigctiSea thiignallavboaa danfl) taiddisgidya phase
are equal with an anplitude and a phase of a driving signal applied to the
di spl ay devid®yicet is possible to suppress an electric field exerted to

el ectric charge existing between the display device and the input device
fromvarying with passage of time. Further, it is possible to prevent a
force exerted to the display device and the conductive thin plate from

varying wt f%P@@i@SLH@EtO@’INWN*’ﬁbNhe device including the display
devi ce and e conductive thin plate is free fromany vibration.

rurieror e, he ek Manupess! o g Chekostr sSKAgn ey oo 1
audi bl e noi Studied the foregoing problems. As a result of the diligent
study, they found it possible to reduce noise, vibration, and
audible noise by applying, to a touch panel input device, a
noise cancel signal whose amplitude and phase are equal
with an amplitude and a phase of a driving signal applied to
a display device such as a liquid crystal panel, thereby
completing the present invention.
That is, in order to solve the foregoing problems, a
display system according to the present invention includes
a display device and a device provided on a display
section of the display device and having one or more
conductive thin plates, and the display system includes: a
display device driving section for driving the display
device; and a signal application section for applying, to
the device having one or more conductive thin plates, a
noise cancel signal whose amplitude and phase are equal
with an amplitude and a phase of a driving signal applied
from the display device driving section to the display
device.

According to the foregoing arrangement, by applying



In the display systemof the present invention, the device including the
conductive thin plate may be an input device for detecting a position via
which information is inputted fromoutside. In addition to the foregoing
arrangenment, it is preferable to arrange the display system of the present
invention so that the device having one or nore conductive thin plates

i ncludes two conductive thin plates overlapping each other, and the noise
cancel signal is applied to at |east _aconductive thin plate of the two
conductive thin plates which is provided closer to the display section of
t he displ ay adeigonel whdde aigditudechadye gdussagatdhec qudil bwétimoane i s
accunul ated between the display section of the display device and the
conductive tdmplphade pnd b pledsel oSer dravit pesifirspl ap pHeld ao ohet he

di spl ay device. Therefore, it the noise cancel signal for reducing the

audi bl e noi sHsip3ayagehied, tie t T}:Jc%%ibl_éhﬁ) &gpet s¥eahhkle ptakefieegi ti oned
closer to the display section of the display device, it is possible to

ef fectivel y SSURERSS o Nalerydid! éhae'gée-e)ﬁlgkﬁl%t BRtwedn | $hEr %ﬁ%;pqa!ye t hat
t he noi se cancel signal is appliedto both the two conductive thih plates.

o S PGS it TR AT ookl SRt PSS e orev
time.

Further, it is possible to prevent a force exerted to
the display device and the conductive thin plate from
varying with passage of time, so that the device including
the display device and the conductive thin plate is free
from any vibration. Furthermore, there is no vibration, so
that air surrounding the device is free from any vibration.
Thus, it is possible to reduce occurrence of audible noise.

In the display system of the present invention, the
device including the conductive thin plate may be an
input device for detecting a position via which information
is inputted from outside.

In addition to the foregoing arrangement, it is
preferable to arrange the display system of the present
invention so that the device having one or more
conductive thin plates includes two conductive thin plates
overlapping each other, and the noise cancel signal is
applied to at least a conductive thin plate of the two

conductive thin plates which is provided closer to the

display section of the display device.



di splay system of the present invention nmay be arranged so that the input
devi ce includes: an input device control section to which a detection
signal for detecting a position via which information is inputted from
outside to the conductive thin plate; and a signal sw tching section for
selecting either the noise cancel signal or the detection signal so as to
i nput the selected signal to the conductive thin plate. According to the
foregoing arrangenent, it is possiblego selectively carry out the control
of the input device and the application of the noise cancel signal to the
conductive thin plEhe efectrici ghargeviausifgr tdxanpleliblg inpissseisof the
touch-panel -integrated display device, it is possible to selectively carry
out detecti arofimubosid i batwean whe hisflaynetd anons dfnpitet edii stpdatyhe t ouch
panel input device and application of the noise cancel signal to the touch
panel so as devicedaeed vithe atdndueititdetiiougiiapenglosi@oridd schesetirtio, it is
possible to reduce the audi ble noise while keeping the function of the

touch panel .tHeé ddgilhiyoBet Bidh e ff ol e9di 418l a7 IdvdereMhetBfordli sPltay system
of the present invention nay be arrange so that the signal swtching

section sw tighrse t BEnkRIS&igtANCaorsirgtBlcitg t PRedei@ai b iRl @

swtches the detection signal to the noise cancel signal in accordance

wi th whet hery 061801 o MBLIs@Nthe CoRIE B Ve ARiVUISI4e positioned
closer to the display section of the display device, it is
possible to effectively suppress the audible noise. Note
that, it is preferable that the noise cancel signal is
applied to both the two conductive thin plates. On this
account, it is possible to more effectively suppress the
audible noise.

In addition to the foregoing arrangement, the
display system of the present invention may be arranged
so that the input device includes: an input device control

- section to which a detection signal for detecting a position
via which information is inputted from outside to the
conductive thin plate; and a signal switching section for
selecting either the noise cancel signal or the detection
signal so as to input the selected signal to the conductive
thin plate.

According to the foregoing arrangement, it is
possible to selectively carry out the control of the input

device and the application of the noise cancel signal to

the conductive thin plate of the input device. For example,



to the conductive thin plates. According to the foregoing arrangenent, it is
possible to selectively carry out the control of the input device and the
application of the noise cancel signal to the conductive thin plate of the
i nput device in accordance with whether or not information is inputted
fromthe outside to the conductive thin plate of the input device. For
exanpl e, in case of the touch-panel-integrated display device, the touch
panel and the input device control section are connected to each other so
as to allow detection of a position via which information is inputted when
i nf or mat i oninscaspuef ddhea doeh tpankl partelgradnd tdheplad@yndeveceantdls signal

is applied to the touch panel when no information is inputted to the touch
panel . In tipiccssninetg selectiveppssatte cdwt sketectioml gf eapogibian tiia
detection of the position via which information is inputted and application
of the noi sevltiritein&irgnaltidor ipreveutted occtheencacdi phaeaelaimphite noi se.
On this account, it is possible to automatically carry out sw tching

operation odevieeswnidhapphicaddohi @1 thet e iker @geid¥l ¥igardersnthet he
di splay system of the present invention nay be arranged so that in case

}Nner e the ditgplcdy prddEBbl 8sHPYEHREOR i Bratidin &F ﬂ@aitrw;@h_t}?hﬁ}émphe _
unction and/or a sound collecting function, the signal switching section
sel ects On this account, it is possible to reduce the audible

noise while keeping the function of the touch panel.

In addition to the foregoing arrangement, the
display system of the present invention may be arranged
so that the signal switching section switches the noise
cancel signal to the detection signal or switches the
detection signal to the noise cancel signal in accordance
with whether or not information is inputted from outside
to the conductive thin plates.

According to the foregoing arrangement, it is
possible to selectively carry out the control of the input
device and the application of the noise cancel signal to
the conductive thin plate of the input device in
accordance with whether or not information is inputted
from the outside to the conductive thin plate of the input
device. For example, in case of the touch-panel-integrated
display device, the touch panel and the input device
control section are connected to each other so as to allow
detection of a position via which information is inputted

when information is inputted to the touch panel, and the



t he noi se cancel signal in using the tel ephone function and/or the sound
collecting function so as to input the noise cancel signal to the
conductive thin plate. According to the foregoing arrangenent, in case of
usi ng the tel ephone function and/or the sound collecting function, it is
possible to apply the noise cancel signal for preventing occurrence of the
audi bl e noise to the conductive thin plate of the input device. Therefore,
it is possible to suppress occurrence pf the audible noise while talking
on the phone, and this nakes it easier to hear the sound (voice) of the
speaker. Furidigk, chtnded pugsablie dppliwdvenththeoavti pag dlowteegansed by the
noi se of the -9 conductive thin plate frombeing mxed in collecting sound.

Note that, anfexaEdienois ihgueddociid aslidly pdnerti®nthissniaiherpophone
provi ded on a portable information term nal which can record external

sound. I'n addijlsi o dapidetd °§e‘-’199itﬁ9elgr EarepBaL, thdedetd SALRY otyphem of the
present invention may be arranged sO that”the input device further includes
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On this account, it is possible to automatically
carry out switching operation of the switch.

In addition to the foregoing arrangement, the
display system of the present invention may be arranged
so that in case where the display system is provided on a
device having a telephone function and/or a sound
collecting function, the signal switching section selects
the noise cancel signal in using the telephone function
and/or the sound collecting function so as to input the
noise cancel signal to the conductive thin plate.

According to the foregoing arrangement, in case of
using the telephone function and/or the sound collecting
function, it is possible to apply the noise cancel signal for
preventing occurrence of the audible noise to the
conductive thin plate of the input device. Therefore, it is
possible to suppress occurrence of the audible noise while
talking on the phone, and this makes it easier to hear the
sound (voice) of the speaker. Further, it is possible to

prevent the audible noise caused by the noise of the



i nput device control section. On this account, even in case where the
anplitude of the noise cancel signal applied to the input device is |arger
than an anplitude of a signal which can be inputted the input device
control section, it is possible to change the anplitude. Thus, it is
possible to avoid a possibility that: if a noise cancel signal having a

| arge anplitude is inputted to the input device control section, the input
device control section may be broken. Jurther, in case where the anplitude
of the noise cancel signal is smaller than the input voltage |evel of the
vol t age whi clorcducheré nphtihedplatet hErdampubeimgvimeéxedntitol cedlddtdng t he
conversion circuit can convert -10- the anplitude |evel of the noise cancel

signal up tadurd. npitevalliage drevekampleddf tilpa Feoulied f ebtiaaitiflg
arrangenment, it is preferable to arrange the display system of the present

i nvention squihatiohhe & sphaymieebpibré tHeoHiceell ayofleviace pdriadlki qui d
crystal panel which has two substrates an liquid crystal provided between

the two subshrgtamtiaRdtet REn2Q wRiEANESHh S¢0FRH e PRBAgde and a
phase equal wth an anplitude and a phase of a driving signal which

e Lense FVeCL iR R S nahel tepndhs, ASAcEisle Breel, e
possible to4;upigvelieeliv &y thedPcestht ATCLhERSEeny the AU BEEd
so that the input device further includes a conversion
circuit for converting an amplitude of the noise cancel
signal before inputting the noise cancel signal to the
input device control section.

According to the foregoing arrangement, it is
possible to adjust an amplitude of the noise cancel signal
to an amplitude according to an input voltage level of the
input device control section. On this account, even in
case where the amplitude of the noise cancel signal
applied to the input device is larger than an amplitude of
a signal which can be inputted the input device control
section, it is possible to change the amplitude. Thus, it is
possible to avoid a possibility that: if a noise cancel
signal having a large amplitude is inputted to the input
device control section, the input device control section
may be broken. Further, in case where the amplitude of
the noise cancel signal is smaller than the input voltage

level of the voltage which can be inputted to the input

device control section, the conversion circuit can convert



noi se. Note that, in addition to the foregoing arrangenent, the display
system of the present invention may be arranged so that: in case where the
di splay section of the display device is a liquid crystal panel which has
two substrates and liquid crystal provided between the two substrates and
in case where a thin filmtransistor (TFT) 1is provided on a substrate of
the two substrates which is positioned further fromthe conductive thin
plates as in the liquid crystal display device according to the present
enbodi nent, the noise cancel signal has an anplitude and a phase equal wth
an anpl i t udéehancdmpphtasée ofewel- b thevinmgssi gaalcedppligndltupatsubker at e of
the two substrates which is positioned closer to the conductive thin plate.
Accordi ng t dantphet folegge igvatr angenent, by equalizing the anplitude and the
phase of the noise cancel signal with the anplitude and the phase of the

driving signal apphi edldtigti@rsubst ridicec 06réHein o subsigainent,cdmstist uting
the display section particularly causing the audible noise which substrate

i's positiongsegkesdlet ot Berafigedyple \(ﬁsghiap Riydtemi bfl fheopreleatt 0 more
effectively™ reduce occurrence of the audible noise. Additional objects,

features, andveiftehdt 88 Phat e RI8D2RY S8VENA T vhil P& RA Sligar by the

description below Further, the advantages of the present iI'nvention
is a liquid crystal panel which has two substrates and
liquid crystal provided between the two substrates, and
the noise cancel signal has an amplitude and a phase
equal with an amplitude and a phase of a driving signal
which influences electric charge existing between the
liquid crystal panel and the conductive thin plate.
According to the foregoing arrangement, it is possible to
more effectively reduce the occurrence of the audible
noise.

Note that, in addition to the foregoing arrangement,
the display system of the present invention may be
arranged so that: in case where the display section of the
display device is a liquid crystal panel which has two
substrates and liquid crystal provided between the two
substrates and in case where a thin film transistor (TFT)
is provided on a substrate of the two substrates which is
positioned further from the conductive thin plates as in
the liquid crystal display device according to the present
embodiment, the noise cancel signal has an amplitude

and a phase equal with an amplitude and a phase of a



will be evident fromthe follow ng explanation in reference to the

dr awi ngs.

BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a block diagram

illustrating a structure of a touch-panel-integrated liquid crystal
device according to Enbodinent 1. Fig. 2 is a schematic illustrating a
structure of a touch panel portion of the touch-panel-integrated Iiquid
crystal display device illustrated in Fig. 1. Fig. 3 is atimng chart

i ndi cative of timngs at

di spl ay

whi ch variougikinds of signals are outputted from

the -12 touch-panel-integrated liquid crystal display device illustrated in
Fig. 1. Fi gdrdvingasigmalkagipdgedntd lal esthstriang @f sheutwor sudfstrates
touch-panel -integrated |iquid crystal display device according to

Enbodi ment Zhidly.isbpbsitdobleaticldsagrtanmthkl cshdatdtige alsitr pdbtee of a
touch-panel -integrated liquid crystal display device according to
Enbodi ment 3. Fi gAdrdidimg i nteg chart fordigedhigve @frdmgengsnat bhi ch

various kinds of signals are outputted fromthe

t ouch- panel -i nt egr at ed

liquid crystfudliigphgy tthevi aenplithidst rahed tie Figha$e ©f9.-the | fiodskl ock

di agram nore specifically

di splay deviggicel signal with the amplitude and the phase of the

driving signal applied to a substrate of the two substrates
constituting the display section particularly causing the
audible noise which substrate is positioned closer to the
conductive thin plate, it is possible to more effectively
reduce occurrence of the audible noise.

Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention
will be evident from the following explanation in reference

to the drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram illustrating a structure of
a touch-panel-integrated liquid crystal display device
according to Embodiment 1.

Fig. 2 is a schematic illustrating a structure of a
touch panel portion of the touch-panel-integrated liquid
crystal display device illustrated in Fig. 1.

Fig. 3 is a timing chart indicative of timings at

which various kinds of signals are outputted from the

illustrating a structure of a liquid crystal



provi ded on each of the touch-panel-integrated Iliquid crystal display

devi ces according to Enbodi nents 1, 2, and 3. BEST MODE FOR CARRYI NG QUT
THE | NVENTI ON [ Enbodi ment 1] The following will explain Enbodinent 1 with
reference to Fig. 1 to Fig. 3 and Fig. 7. Note that, the present invention
is not limted to the explanation. The present enbodi nent explains, as an
exanpl e of the display systemof the present invention, a - 13 touch -p
anel -integrated liquid crystal displayjdevice obtained by providing a
liquid crystal display device (display device) with a touch panel input

devi ce (i npoibucdezpael-haveggateddudiquied sheeystétondisplaye t kiavipkates) as
upper and | ower el ectrodes. The touch-panel-integrated liquid crystal

di spl ay devilestsatisddiraFig.pbrtable information termnal. By bringing a
finger, a pen, or the like into contact with a sheet-shaped touch panel
provided on the |iFdgi 4 dsysatBlopRnélagtumatdusarasin® 4 ngptrtuctiudeorofati on on
the basis of contents displayed in the liquid crystal panel, it is possible

to control thetgaihcpandeigte@rhtad Jughidoustyydraneldidpryr adedsikequi d
crystal display devices, a device integrated with an input device having a
conductive gherdinglescmhbsddamd bows. Fig. 1 illustrates a structure of
a
Fig. 5 is a block diagram illustrating a structure of
a touch-panel-integrated liquid crystal display device
according to Embodiment 3.
Fig. 6 is a timing chart indicative of timings at
which various kinds of signals are outkputted from the
touch-panel-integrated liquid crystal display device
illustrated in Fig. 6.
Fig. 7 1is a Dblock diagram more specifically
illustrating a structure of a liquid crystal display device
provided on each of the touch-panel-integrated liquid

crystal display devices according to Embodiments 1, 2,

and 3.

BEST MODE FOR CARRYING OUT THE INVENTION
[Embodiment 1]

The following will explain Embodiment 1 with
reference to Fig. 1 to Fig. 3 and Fig. 7. Note that, the
present invention is not limited to the explanation.

The present embodiment explains, as an example of

the display system of the present invention, a



touch-panel -integrated liquid crystal display device (display system 200

according to the present enbodinment. Fig. 2 is a schematic illustrating a
structure of a touch panel 202 of the touch-panel-integrated Iiquid crystal
di spl ay devi ce 200 according to the present enbodinment. As illustrated in

Fig. 1, the touch-panel-integrated liquid crystal display device 200
(hereinafter, referred to also as "display system 200") of the present
enbodi ment includes: a liquid crystal glsplay devi ce (display device) 220;
and a touch panel input device (input 5 vice) 230, - 14 provided on the
l'iquid crystaticti-gpiryl-davegeas® wWhighid hasriweatondisplag tldievipkates (an
upper electrode 101 and a lower el ectrode 102) each of which detects a
position viabMigld Nbor Gt b e il lapum;eﬂdfr@fsvém Qidplde. dEREcki quid

crystal dlsplay deV|ce 220 i ncl udes: liquid crystal panel (LCD: display
section) 22149 dévm@d wittstal téiu%pﬂ afeY GepHti Wdldcaeqinpnt(di splay
devi ce driving section) 222 for control Ilng display carried out in the

iauid oryskalyipelolaghte EbaauuPECSHRREL!| Gl didusil 1éﬁ%gstructure

of the liqui eV| ce uird crystal

devi ce 220 'a’échgﬂfe\jrl LI 'lb%rdeg%ﬁfoade@‘?‘ﬁ' %Bﬁctﬁgadaﬁé‘ﬁ 113 ek Bé%yStal

di spl ay device ng section mai N conponent above.
liquid crystal display device is used as a portable

information terminal. By bringing a finger, a pen, or the
like into contact with a sheet-shaped touch panel
provided on the liquid crystal panel surface so as to input
information on the basis of contents displayed in the
liquid crystal panel, it is possible to control the device.
Here, out of such touch-panel-integrated liquid crystal
display devices, a device integrated with an input device
having a conductive sheet is described as follows.

Fig. 1 illustrates a structure of a
touch-panel-integrated liquid crystal display device
(display system) 200 according to the present embodiment.
Fig. 2 is a schematic illustrating a structure of a touch
panel 202 of the touch-panel-integrated liquid crystal
display device 200 according to the present embodiment.

As illustrated in Fig. 1, the touch-panel-integrated
liquid crystal display device 200 (hereinafter, referred to
also as “display system 200”) of the present embodiment
includes: a liquid crystal display device (display device)

220; and a touch panel input device (input device) 230,



A conventionally known liquid crystal panel is used as the liquid crystal
panel 221. For exanple, the liquid crystal panel includes a glass substrate
(substrate) having a TFT (Thin Film Transistor) 702 and a glass substrate
(substrate) having a color filter (CF) so that liquid crystal is sealed
between the two gl ass substrates. Further, a plurality of pixels 705 is

di sposed on the liquid crystal panel 221 in a grating manner. Each of the
pi xel s 705 has at |east one TFT 702, _gnd_the TFT 702 controls a potential
with which a liquid crystal |ayer 708 of a single - 15 pixel is charged.
Each TFT 702proxidatbsonathat dicghidt cogetal7 @l spdapecteadcto 28 Qawdidhi ver 703;
a source electrode 706 connected to a source driver 704; and a common

el ectrode 7@9afotwgi dorgdtbeive guhich cplestea (hayarppe8 aleatrddargl Oéf er ence
potential of a data signal outputted from the source driver. In the liquid

crystal dispay deviewed20eleanigoidd NYOY tdeckpr esfenwheaboddeeatts t ke conmon
el ectrode 709 is nade of transparent netal so as to be forned on the gl ass

substrate hgypegibhe ¢rl okwhidh erinfermatNere $pednfdedldd, b | itale d
crystal display driving section 222 (not shown in'Fig. 7) includes the gate

driver 703,ohpggource driver 704, a common signal generation circuit 710,
a timng controller 713, and the like. The gate driver 703 gives a signhal to

the gate el ectrode, J07; figRpt L0 4R 15T FOR AN SONtHRISdes: a
liquid crystal panel (LCD: display section) 221; and a
liquid crystal display device driving section (display
device driving section) 222 for controlling display carried
out in the liquid crystal panel 221.

Fig. 7 more specifically illustrates the structure of
the liquid crystal display device 220. The liquid crystal
display device 220 includes the liquid crystal panel 221
and the liquid crystal display device driving section 222
as main components as described above.

A conventionally known liquid crystal panel is used
as the liquid crystal panel 221. For example, the liquid
crystal panel includes a glass substrate (substrate)
having a TFT (Thin Film Transistor) 702 and a glass
substrate (substrate) having a color filter (CF) so that
liquid crystal is sealed between the two glass substrates.
Further, a plurality of pixels 705 is disposed on the liquid
crystal panel 221 in a grating manner. Each of the pixels
705 has at least one TFT 702, and the TFT 702 controls a

potential with which a liquid crystal layer 708 of a single



ON OFF of the TFT 702. The source driver 704 gives a data signal the source
el ectrode 706 of the TFT 702. The common signal generation circuit 710 is
connected to the comon el ectrode 709 and generates a common el ectrode
driving signal (driving signal) for giving a reference potential to the
liquid crystal |layer 708 via the common electrode 709. As to the conmon

el ectrode driving signal applied to the liquid crystal |ayer 708 of the
liquid crystal panel 221 via the conmpg el ectrode 709, in case where a
polarity of the conmmon el ectrode driving signal is inversed - 16 at each
hori zont al peExiedd saiwd aegdd v@dcle I FherOad ihsdudlisy. a Batd blelctradd a touch
panel exists on the glass substrate having the CF, this is a main cause of
noi se in theg@ducbnrpsswld tdere, gheacrinagrt iT@B; par isodiroeariecarpdei od equal
to a cycle of a vertical synchronization signal (V) described |ater. Note

that, a cancab6Sicompie gaiter 66 0a (HwWdd dappld CADUON a3RTT hor rRPdofhdet ai | ed
in explaining the touch panel input device 230) provided so as to apply a

noi se cancellestfi@k t7®d hiot ophinRangle 204 uisl connaeliedayert frpgt hm ng

controller 713 as illustrated in Fig. 7. On this Taccount, it is possible to
generate a sjgqah Vm%?er@@g'ottk!ﬂ%&"ﬁ@fpi‘%aﬁ”s@ ﬁ%‘lacl)uft?uft'ﬂeénﬁldrhu‘je and a

phase of the co n el ectrode driving signal out utte romthe common
el ectrode 7Q9e source driver. In the liquid crystal display device 220
according to the present enibodhnent, the common
electrode 709 is made of transparent metal so as to be
formed on the glass substrate having the color filter (CF).
More specifically, the liquid crystal display driving
section 222 (not shown in Fig. 7) includes the gate driver
703, the source driver 704, a common signal generation
circuit 710, a timing controller 713, and the like.
The gate driver 703 gives a signal to the gate
electrode 707 constituting the TFT 702 and controls
ON/OFF of the TFT 702. The source driver 704 gives a
data signal the source electrode 706 of the TFT 702. The
common signal generation circuit 710 is connected to the
common electrode 709 and generates a common electrode
driving signal (driving signal) for giving a reference
potential to the liquid crystal layer 708 via the common
electrode 709. As to the common electrode driving signal
applied to the liquid crystal layer 708 of the liquid crystal

panel 221 via the common electrode 709, in case where a

polarity of the common electrode driving signal is inversed



By receiving the vertical synchronization signal (V), a horizontal
synchroni zation signal (H), and a clock signal (Cdock), the timng
controller 713 generates driving signals for carrying out display in the
liquid crystal panel 221, that is, the timng controller 713 generates
signals for controlling the gate driver 703, the source driver 704, the
common signal generation circuit 710, and the cancel signal generator 204.
The timng controller 713 also receiveg inmage data (Data). The inmage data
is inputted fromthe timng controller 713 to the source driver 704 - 17
vi a the dat atsegohl hbirnzodi8]l pemoHeandaesmir verdicaleperoodr @eesiFygal |ine

714 is a signal line via which a source driver control signal outputted
fromthe ti @ nfphlcdnt anld er tolxh spanplteeibtisoont thes@inse dubstraifd. A
common signal generation circuit control signal line 715 is a signal |ine

via whi ch ahpdfipprhel QR thesesati oath rcaibeconti@isesignethe otdpeht ed from
the timng controller 713 is inputted to the conmn signal generation

circuit 710paheRnERiresi goathgeeetiidll peg?olromsagah peeod1léqgumia signal
line via vvh| ch a cancel signal generat or control signal out putted fromthe

timng congpol Jaerciél?e | fi nguUt {edtitcalt h§yﬁ%'ﬂﬁ%|n1§'agi‘@h 9§%ﬁ§1 ory)204. A
gate driver control S|gnal line 717 is a signal line via ich a gate

driver cont g Cgllgg§ Pyputted fromthe timng controller 713 is inputted
to the gate driver 013.

Note that, a cancel signal generator (signal
application section) 204 (detailed in explaining the touch
panel input device 230) provided so as to apply a noise
cancel signal to the touch panel 202 is connected to the
timing controller 713 as illustrated in Fig. 7. On this
account, it is possible to generate a signal whose
amplitude and phase are equal to an amplitude and a
phase of the common electrode driving signal outputted
from the common electrode 709.

By receiving the vertical synchronization signal (V),
a horizontal synchronization signal (H), and a clock signal
(Clock), the timing controller 713 generates driving
signals for carrying out display in the liquid crystal panel
221, that is, the timing controller 713 generates signals
for controlling the gate driver 703, the source driver 704,
the common signal generation circuit 710, and the cancel
signal generator 204. The timing controller 713 also
receives image data (Data). The image data is inputted

from the timing controller 713 to the source driver 704



Next, with reference to Fig. 1, the structure of the touch panel input
device 230 of the display system 200 w Il be further detailed. The touch
panel input device 230 includes internal devices such as: a touch panel 202
provided on the liquid crystal panel 221; a touch panel controller 203 for
controlling the touch panel 202; the cancel signal generator (signal
application section) 204; and an analog swtch (signal swtching section)
205. The touch panel 202 provided on ajgurface of the liquid crystal panel
221 of the liquid crystal display - 18 device 220 (nore specifically, the
touch panel vi@2the daptaowidedladinehé 1@.ass substrate having the CF in the
liquid crystal panel 221). As illustrated in Fig. 2, the upper electrode
101 made of the cdhdndiéwveat vonrpkadeiver cpmivotiesdgmplatihes ¥ B4 itsoadet ect a
position in a Y axis direction of the touch panel 202 and the | ower

el ectrode Hignaddeink tvia covidicdii e tbiurce! alleiver provitded glewalard so as
to detect an X. axis direction of the touch panel 202. That is, the |ower

el ectrode 1QAiisufliedPoS®dn bhlowiihe guRpaitRl1bet rpds wlingrﬁ@ttéae_tbi qui d
crystal panel 221 of the liquid crystal display device 220 is disposed

bel ow the | qpRr s8haelr a9y dPZ.04unt E%rm_rr&@ﬁeéigyrﬁilggéhe!ﬂaﬁ?énlgﬁ*cﬁﬁq 106

provided so as to detect the position in the axi's direction are connected

to the upper.q 8,23t rQee A0Lindl SP15! Oer,Sigpalall 1788 134 aR%it88 a
common signal generation circuit control signal outputted
from the timing controller 713 is inputted to the common
signal generation circuit 710. A cancel signal generator
control signal line 716 is a signal line via which a cancel
signal generator control signal outputted from the timing
controller 713 is inputted to the cancel signal generator
204. A gate driver control signal line 717 is a signal line
via which a gate driver control signal outputted from the
timing controller 713 is inputted to the gate driver 703.

Next, with reference to Fig. 1, the structure of the

touch panel input device 230 of the display system 200
will be further detailed. The touch panel input device 230
includes internal devices such as: a touch panel 202
provided on the liquid crystal panel 221; a touch panel
controller 203 for controlling the touch panel 202; the
cancel signal generator (signal application section) 204,
and an analog switch (signal switching section) 205.

The touch panel 202 provided on a surface of the

liquid crystal panel 221 of the liquid crystal display



provided so as to detect the position in the X axis direction are connected
to the I ower electrode 102. Above the upper electrode 101, an upper | ayer
103 is provided as a filmfor fixing the upper electrode. Bel ow the | ower
el ectrode 102, a lower |ayer 104 nmade of plastic or glass is provided so as
to fix the lower electrode. Next, with reference to Fig. 1, a structure of
the internal devices of the touch panel input device 230 will be described
as follows. The touch panel i nput deV|§§ 230 includes, as the internal

devi ces connected to the touch - 19 panel 202, a touch panel controller

(i nput devi cieiert R0 S(e@bren)sp%&:iﬁctdleycaﬂ@el te@lal pgener aon (isi gnal
application section) 204, the analog switch (signal swtching section) 205

(205a/ 205b) ,prvHddd dewn thesi slads 206stant@ndBHnPM tied €It [H! thier cui t

207, a cancel signal line 20 an analog switch control signal |ine 209, a
touch panelh%ﬁwt c?&@@&?gﬁa%‘%tle%QP)” AgnalukkPLtdOinaptiguch parel pen

i nput detection signal line 211, a touch panel controller S|gnal l'ine 216,

a touch pan%?ﬁepté&'ét‘% S A mldde AL ctBS @{w ' é'l&f’e 4Q5, the
upper signal 106 e Iomer si gnal |ne , wer signal |ine
108. The toagq I 34LS Cui ef ecligg osition
via which i |on gk%%%u§é %8 tb %tg gu%hbogggf”gh%feéthafﬁﬂghe t ouch
panel contro kgEtZOS

ol of the touch panel 202 and the lower electrode
102 made of the conductive thin plate is provided
downward so as to detect an X axis direction of the touch
panel 202. That is, the lower electrode 102 is disposed
below the upper electrode 101, and the liquid crystal
panel 221 of the liquid crystal display device 220 is
disposed below the lower electrode 102. Further, upper
signal lines 105 and 106 provided so as to detect the
position in the Y axis direction are connected to the upper
electrode 101. Also, lower ‘signal lines 107 and 108
provided so as to detect the position in the X axis
direction are connected to the lower electrode 102.

Above the upper electrode 101, an upper layer 103
is provided as a film for fixing the upper electrode. Below
the lower electrode 102, a lower layer 104 made of plastic
or glass is provided so as to fix the lower electrode.

Next, with reference to Fig. 1, a structure of the
internal devices of the touch panel input device 230 will
be described as follows. The touch panel input device 230

includes, as the internal devices connected to the touch



i ncl udes a touch panel input signal detection circuit for receiving a
detection signal for detecting a position via which information is inputted
to the touch panel 202 (the detection signal is referred to also as "touch
panel input signal") and for detecting the position via which information
is inputted. The cancel signal generator 204 is a signal generator for
generating a signal (noise cancel signal) whose anplitude and phase are
equal to an anplitude and a phase of_tfge liquid crystal driving signal
(driving signal) -20 outputted fromthe liquid crystal display device
driving seqtdmel 2221 & ttoexdiCp22t] Eanhroflerh@ingmat ofiesitie cduastr205a and
205b is a switch for suitably selecting either the touch panel controller
203 or the caetednpi gRAI3,gendrait oca?@elso sdgntad gamerdtdmhe @dkaeilled one to
the touch panel 202. In accordance with whether or not information is

inputted todgislitatidn pagettiddy Wtdu 2 pere eashled tdwitcal @gfg@\altches
205a and 205b switches the detection signal to the noise cancel signal or

swi tches thewichengCaketlos) @b (:@os_aeyzct%sf,_t iz0h¢i1988wn SRegisftbeal 1y, in
using the touch panel (in case where informationis inputted to the touch

panel 202 uadb 2sienale e el e BT fcel dpgaeuch
touch line 208, an analog switch control signal line 209, a touch
panel input stoppage detection signal line 210, a touch
panel pen input detection signal line 211, a touch panel
controller signal line 216, a touch panel controller signal
line 217, the upper signal line 105, the upper signal line
106, the lower signal line 107, and the lower signal line
108.
The touch panel controller 203 is a circuit for
detecting a position via which information is inputted to
the touch panel. Note that, the touch panel controller 203
includes a touch panel input signal detection circuit for
receiving a detection signal for detecting a position via
which information is inputted to the touch panel 202 (the
detection signal is referred to also as “touch panel input
signal”) and for detecting the position via which
information is inputted.
The cancel signal generator 204 is a signal
generator for generating a signal (noise cancel signal)

whose amplitude and phase are equal to an amplitude and

a phase of the liquid crystal driving signal (driving signal)



panel

the cancel

panel

controller 203. Wile, in case where the touch panel is not used (in
case where information is not inputted to the touch panel 202 with a pen),

the lower signal lines 107 and 108 of the touch panel 202 are connected to
signal line 208 of the cancel signal generator 204 so that the
noi se cancel signal is inputted to the touch panel202. A pull-down resistor
206 is connected to the upper signal line 106 so as to pull down the touch

pen

input detection signal liney,@dll. Note that, in case of using -21

the pull-down resistor 206 as a pull-up resistor, an inverter circuit may
be insertedautmputties tfoech pheelligpeid tnpstalsidisgllali newite. ditieinmgal og
swtch control circuit 207 is a circuit for generating a control signal of

the anal og Swcitédes2205t0 tded LZIB2D21n.accordance with (i) a signal

to the

panel

touch panel input signal line 211 via the upper signal |ine

the touch panel 2@GZdM bhpthei Bt dldOIIRiticHeM 20522 ¢4 FUBHi ig an i nput
st oppage detection signal for detecting a state in which information is not

inputted wdwitdhPelof i RRMitaH19 pp@@l%&%gcta%@ orRE apphéRd panthe

i nput stoppage detection”signal

appl i ed

106 of

t ouch

e 210 The anal og swtch control

circuit 207 Gaftlg1deldF &Stk RhUehRGed Skt %'e"rﬁéiiétofroﬁoelx%@'a%- t6 set

connect the selected one to the touch panel 202.

In accordance with whether or not information is
inputted to the touch panel 202 with a pen, each of the
analog switches 205a and 205b switches the detection
signal to the noise cancel signal or switches the noise
cancel signal to the detection signal. Specifically, in using
the touch panel (in case where information is inputted to
the touch panel 202 with a pen), the lower signal lines
107 and 108 of the touch panel 202 are respectively
connected to the signal lines 216 and 217 of the touch
panel controller 203. While, in case where the touch panel
is not used (in case where information is not inputted to
the touch panel 202 with a pen), the lower signal lines
107 and 108 of the touch panel 202 are connected to the
cancel signal line 208 of the cancel signal generator 204
so that the noise cancel signal is inputted to the touch
panel 202.

A pull-down resistor 206 is connected to the upper
signal line 106 so as to pull down the touch panel pen

input detection signal line 211. Note that, in case of using



term nal of the analog switch control circuit 207 is connected to the touch
panel input stoppage detection signal line 210 serving as a control signal
line when information is not inputted with a pen. A reset termnal of the
anal og switch control circuit 207 is connected to the touch panel pen input
signal line 211 serving as a control signal line when information is
inputted with a pen. An output termnal of the anal og switch control

circuit 207 is connected to the analpglsmﬁtch control signal line 209. The
cancel signal line 208 is a signal line to which the noise cancel signal is
appl i ed as déscrpbdt-ddreve, rasicto22 206 casicel pudhalpl iresif08r) samonnect ed
to the lower signal Ilines 107 and 108 of the touch panel 202 via the anal og
switches 205averde?05rcuin megorttainsented ivhed hdre ttoardlpushnedngeni s used
or not (that is in accordance with whether or not any information is
inputted fraq haﬂd@n&qznme touch panel), the analog switch control
signal line 2 9 sen s to the analog switch 205 a control signal for

sel ecting a conngeid Rth £Nh ¥ MBhCRohieo] @MBE LSt T iki Aesirt@itand 108 of
t he touch panel should be connected. The touch panel stoppage detection

signal |ineglbrd@ag \ée%c(ﬁ%rcﬁ sighal Mefl?@hh@%go%%t%%@é £@8Lr ol | er
203 detects a state in which the touch panel 202 st operating (that is,

a state in v §hopgy ntPri@léAahie with (i) a signal applied to the

touch panel input signal line 211 via the upper signal line
106 of the touch panel 202 in inputting information with
a pen and (ii) an input stoppage detection signal for
detecting a state in which information is not inputted
with a pen (input stoppage detection signal applied to the
touch panel input stoppage detection signal line 210).

The analog switch control circuit 207 can be
realized by wusing a latch circuit for example. A set
terminal of the analog switch control circuit 207 is
connected to the touch panel input stoppage detection
signal line 210 serving as a control signal line when
information is not inputted with a pen. A reset terminal of
the analog switch control circuit 207 is connected to the
touch panel pen input signal line 211 serving as a control
signal line when information is inputted with a pen. An
output terminal of the analog switch control circuit 207 is
connected to the analog switch control signal line 209.

The cancel signal line 208 is a signal line to which

the noise cancel signal is applied as described above, and



inputted fromthe outside to the touch panel) or (ii) a control signal for
st oppi ng operation of the touch panel controller 203. The touch panel input

st oppage detection signal line 210 is connected to the anal og switch
control circuit 207 of the touch panel controller 203. The touch panel pen
i nput detection signal line 211 1is connected to the upper signal line 106

of the touch panel 202. In case where information is inputted fromthe
output to the touch panel 202, the uppgpk electrode 101 of the touch panel
202 is electrically connected to the Iower electrode 102, so that a signal
fl owi ng thrabhghctihedlosignalBirse @8 iIs nenrddteahdolBeilovappldigaalo t he

upper signal line 106. The signal applied to the upper signal line 106 is
applied to theesouolr paiel1@8nof e tehgelal phinre 202 vaadthe aapdbged to the
anal og switch control circuit 207. Each of the |lower signal lines 107 and

108 di spose@dwiaghtde 2ioBichmpameds5B02 is a signal |ine connected to the
| oner el ectrode 102 of the touch panel 202 so as to be positioned closer to

the surface of th?n'hHHdeQEMﬁé%&uﬁ@ﬂﬁﬁeﬂﬁgﬁtjhﬁt6€§§1EﬂﬁﬁélﬁBeuEQHCh panel
202 is not used (that is, in case where no information is inputted fromthe

out si de 10 ghe JOURNRANSL, 207)acEiFdBRCRe WA ShiRIBA! 00 pUTARG Trom the

cancel signal generator 204 is applie to the I ower signal [1nes 7 and

108. Each ofi,khenIAREh SisINApliief HmaNhdO8utside to the touch

panel), the analog switch control signal line 209 sends to
the analog switch 205 a control signal for selecting a
connecting end to which the lower signal lines 107 and
108 of the touch panel should be conn‘ected.

The touch panel stoppage detection signal line 210
receives (i) a signal whereby the touch panel controller
203 detects a state in which the touch panel 202 stops
operating (that is, a state in which no information is
inputted from the outside to the touch panel) or (ii) a
control signal for stopping operation of the touch panel
controller 203. The touch panel input stoppage detection
signal line 210 is connected to the analog switch control
circuit 207 of the touch panel controller 203.

The touch panel pen input detection signal line 211
is connected to the upper signal line 106 of the touch
panel 202. In case where information is inputted from the
output to the touch panel 202, the upper electrode 101 of
the touch panel 202 is electrically connected to the lower

electrode 102, so that a signal flowing through the lower



di sposed on the touch panel 202 is a signal line connected to the
el ectrode 101 di sposed above the |ower electrode 102. Upon begi nni
input information to the touch panel 202 just after the state in which the

t ouch panel

202 is not used, the upper electrode 101 and the |ower

el ectrode 102 of the touch panel 202 conme to electric contact with
other, so that the noise cancel signal is outputted to the upper s
lines 105 and 106. Note that, the uppg@ signal line 106 is pulled

G\D by the pull-down resistor 206. Eac

of the touch panel controll

upper
ng to

each
i gnal
down onto
er signal

line 216 -24&igand tieed oLOR pardl 108ntisobbelisd gtal thhe napdlkt isigaedi gnal
| ine connected to the touch panel controller 203. In case where th
panel is usédihéthab.iThel BigAaE appired itof eheaiipper siighlt 1ede fT061 t he
outside to the touch panel 202), the touch panel controller signal
and the toyghapyietdcest tipkl esushdPdntl NeeB1inpig rs@%ﬁﬁqtii\tﬁé 21¢

to the lower signal lines 108, 107 and the |l ower elec

rode 102 by

anal og swi t gheg i%oﬁ?pﬁ'ﬂﬁ'egcﬁpthbnahailég”%ﬂ@h @ @]t bR e ploper
lines 105 and 106 connected to the upper electrode 101 of the tou

202 d the t | i ' : 0 t t @;
< ec?pode ‘i‘oz"‘gf t@}’}%hséig'ﬂﬁb id@??z%%%eﬁnﬂne?s § eNRE EY8 @1éé¢‘§s%ﬁ""er

e touch pane I'n using the touch pan

signal  1ings, 3 GRUEF 'R 582 1OUENSAANE 1FR8LESh LY c R 1o he

lower electrode 102 of the touch panel 202 so as to be
positioned closer to the surface of the liquid crystal panel
221. In case where the touch panel 202 is not used (that
is, in case where no information is inputted from the
outside to the touch panel 202), the noise cancel signal
outputted from the cancel signal generator 204 is applied
to the lower signal lines 107 and 108.

Each of the upper signal lines 105 and 106
disposed on the touch panel 202 is a signal line
connected to the upper electrode 101 disposed above the
lower electrode 102. Upon beginning to input information
to the touch panel 202 just after the state in which the
touch panel 202 is not used, the upper electrode 101 and
the lower electrode 102 of the touch panel 202 come to
electric contact with each other, so that the noise cancel
signal is outputted to the upper signal lines 105 and 106.
Note that, the upper signal line 106 is pulled down onto
GND by the pull-down resistor 206.

Each of the touch panel controller signal line 216

e touch

line 216
onnect ed
t he
si gnal
ch panel

ese four



this account, it is possible to detect a position via which information is
inputted to the touch panel 202 with a pen. Note that, Fig. 1 does not
illustrate the upper electrode 101 and the | ower el ectrode 102, but they

are respectively connected to the upper signal lines 105 and 106 or the

| ower signal lines 107 and 108 and exist in the touch panel 202. Next, with
reference to the timng chart of Fig. 3, how the display system 200
operates is described as follows. Fig,,3 is the timng chart illustrating

pul se waveforns of various kinds of si'gnals transmitted or -25 received in
the displ ay sydt g 2ucHhpaviali ovatkods ofgn sl divak s2 1 Fabsm tdigeh
received in the display system 200 are described as follows. In Fig. 3, T/P

of (a) reprasestsoandted wovehertowéh pasicdnabnitidileat OB ofinwhalsker or not
information is inputted to the touch panel 202 with a pen. Here, a state

in which i nkprpERET @Rl TofHIL f)ﬁ%éloiéh@lst&ilcé'tﬂh?t“@s,zf’ﬁ cWseh whreR (in Fig.
3, this state is expressed as "Pen on" is illustrated as "H gh", and a

)
state in whiplokAfLBR | idSubGd | iRy tgcguéoom@;gey%psrtﬁrge'tﬁzhwth a

pen (in Fig. S state I's express "Pen o ustrated as

| h? \(,)vr ma'lt\llo E)ﬁ éis@%’ln%@%??gaﬁ%&ﬁoﬁgﬁgﬁn@gﬂz Z‘Eﬁ%i‘#ﬁ'%lhgéne, %z’alngoéﬁg si gnal

TP is i rrelt%vea%utc tphaene ic\éinnt%"oller signal line 217 are respectively
connected to the lower signal lines 108, 107 and the lower
electrode 102 by the analog switches 205a and 205b.

In this manner, as to the two upper signal lines 105
and 106 connected to the upper electrode 101 of the
touch panel 202 and the two lower signal lines 107 and
108 connected to the lower electrode 102 of the touch
panel 202, in using the touch panel, these four signal
lines are connected to the touch panel controller 203. On
this account, it is possible to detect a position via which
information is inputted to the touch panel 202 with a pen.

Note that, Fig. 1 does not illustrate the upper
electrode 101 and the lower electrode 102, but they are
respectively connected to the upper signal lines 105 and
106 or the lower signal lines 107 and 108 and exist in the
touch panel 202.

Next, with reference to the timing chart of Fig. 3,
how the display system 200 operates is described as

follows. Fig. 3 1is the timing chart illustrating pulse

waveforms of various kinds of signals transmitted or



signal used to carry out display. In Fig. 3, VCOMof (b)-1 represents a
waveform of a comon el ectrode driving signal which is outputted from the
comon signal generation circuit 710 of Fig. 7 and is applied to the common
el ectrode 709. As illustrated in Fig. 3, the conmon el ectrode driving
signal is a signal whose polarity is inversed at each horizontal period and
each vertical period. In Fig. 3, VCOMA of (b)-2 represents a wavef orm of

t he noi se cancel signal outputted fro_ng%h_e cancel signal generator 204. In
the present enbodi nent, the waveform -26- of the VCOM A has a phase and an
anpl i tude wreckhiw@ myudie vdisplayplsysdeand2Qp . afplel vadeouls khadsawdf or m of
the comon el ectrode driving signal VCOM However, the present invention is
not |imtedsignahe tamomietattosndecedvedi hy SHegrdidsplhyt siystem @36i bl e to
equal i ze a phase and an anplitude of other liquid crystal driving signal

with a phagsgeaddsaniime®las yoelolst he VCOM A, The foregoing other liquid
crystal driving signal is preferably a liquid crystal driving signal which

influences electrig pharge TEP ol 3 Pepresentseatputde RRAGkfGRs bife 1iquid
crystal panel for exanple. Further, as in the present enbodinment, in case

where a TFT, szQI?QPS?Hd‘i’@a?in:' ags Shhethate f nlh0 HRTIn a1 gkes

constituting the liquid crystal panel 512 which glass substrate is
posi tioned GHHIAREAT E9MHLGouch panel 202 with a pen. Here, a state

in which information is inputted to the touch panel 202
with a pen (in Fig. 3, this state is expressed as “Pen on”)
is illustrated as “High”, and a state in which information
is not inputted to the touch panel 202 with a pen (in Fig.
3, this state is expressed as “Pen off”) is illustrated as
“Low”. Note that, the signal T/P merely indicates whether
or not information is inputted to the touch panel 202 with
a pen, and the signal T/P is irrelevant to the driving
signal used to carry out display.

In Fig. 3, VCOM of (b)-1 represents a waveform of a
common electrode driving signal which is outputted from
the common signal generation circuit 710 of Fig. 7 and is
applied to the common electrode 709. As illustrated in Fig.
3, the common electrode driving signal is a signal whose
polarity is inversed at each horizontal period and each
vertical period.

In Fig. 3, VCOM_A of (b)-2 represents a waveform of
the noise cancel signal outputted from the cancel signal

generator 204. In the present embodiment, the waveform



touch panel 502, it is possible to use a liquid crystal driving signal
outputted fromthe liquid crystal display driving section 222 and applied
to a glass substrate of two glass substrates constituting the |iquid
crystal panel 221 which glass substrate is positioned closer to the touch
panel 202 (in the present enbodinent, the glass substrate has a CF). In
Fig. 3, T/P(X+) and T/P(X-) of (c) represents a pulse waveform of a signal
applied to the lower electrode 102 ofgghe touch panel 202. In case where
information is inputted to the touch panel, the touch panel controller -27
signal |inedf1thandGOd thubbhspanphasmtand| an sigplitudmevh2d are
respectively connected to the |ower signal line 107 and the |ower signal
line 108, ardiudke widlcla gpdnese adateats eampdsiudenolithevwahefofor mdt i on i s
inputted to the touch panel 202 with a pen. Therefore, a signal whose

anpl i tude cahleegsp@ntisoh Oelditrpas drovivg asighi£lh V3 ol rbinavdrs thputt ed
wth a pen is outputted. Wiile, in case where no information is inputted to

the touch paeisertthenieinteofiansehosilgndlte YCEM thé Scohipvid @deterbhe | over
el ectrode 102, so that a signal whose pul se waveformis the sane as the

P 22 et o MR b LBl o gyl 8L prdgnde. o
an amplitude of other liquid crystal driving signal with a
phase and an amplitude of the VCOM_A. The foregoing
other liquid crystal driving signal is preferably a liquid
crystal driving signal which influences electric charge
existing between the touch panel and the liquid crystal
panel for example. Further, as in the present embodiment,
in case where a TFT is disposed on a glass substrate of
two glass substrates constituting the liquid crystal panel
512 which glass substrate is positioned further from the
touch panel 502, it is possible to use a liquid crystal
driving signal outputted from the liquid crystal display
driving section 222 and applied to a glass substrate of
two glass substrates constituting the liquid crystal panel
221 which glass substrate is positioned closer to the
touch panel 202 (in the present embodiment, the glass
substrate has a CF).

In Fig. 3, T/P(X+) and T/P(X-) of (c) represents a
pulse waveform of a signal applied to the lower electrode

102 of the touch panel 202. In case where information is

inputted to the touch panel, the touch panel controller



In Fig. 3, T/P-contl of (d) represents a pulse waveformof a signal applied
to the touch panel input stoppage detection signal |ine 210. The T/ P-contl
is a signal which is outputted fromthe touch panel controller 203 and the
| i ke when the touch panel controller 203 detects that the state in which
information is inputted to the touch panel 202 with a pen ("Pen on" state)
changes to the state in which information is not inputted to the touch
panel 202 with a pen ("Pen off" state),~In Fig. 3, T/P-cont2 of (e)
represents a pulse waveformof a sign%?’applied to the touch panel pen

i nput -28 deliggatilolin® @n@ dhdetRd todbl pabedonbAtsolral st@matdingeneration

of a pulse in case where the VCOM A signal inputted to the |ower electrode
102 of the toughapaneksp@dtivdly bbbl Ntor TRkl ABw & tdigdougimpanel 202
with a pen is outputted froma signal |ine connected to the upper

el ectrode 10% pfahbe (heUIBWANRgAA. 1IHIAL 08, ARE FHR A9Aich Shdwdl 1S a

signal applied right after the State in which information is i nputted

to the touohdtapel 202 Wildnoy RERRIAGS Tt 4116 P48!m A0y i Ghehe! or mat | on

is inputted t wth "a pen. re specifically, the upper

o et ode 165yand bpscl aver et Eole 0B LE e Bl kb OPRggL o
the | ower elaef‘ﬁ%ﬁﬁ%edél'ozcio%rgggloine L al 5o totLhe position via which
information is inputted with a pen is outputted.

While, in case where no information is inputted to
the touch panel, the noise cancel signal VCOM_A is
inputted to the lower electrode 102, so that a signal
whose pulse waveform is the same as the pulse waveform
of the VCOM_A is inputted to the lower electrode 102. On
this account, audible noise in the touch panel 202 is
reduced.

In Fig. 3, T/P_contl of (d) represents a pulse
waveform of a signal applied to the touch panel input
stoppage detection signal line 210. The T/P_contl is a
signal which is outputted from the touch panel controller
203 and the like when the touch panel controller 203
detects that the state in which information is inputted to
the touch panel 202 with a pen (“Pen on” state) changes
to the state in which information is not inputted to the
touch panel 202 with a pen (“Pen off” state).

In Fig. 3, T/P_cont2 of (e) represents a pulse

waveform of a signal applied to the touch panel pen input



upper electrode 101 so as to be applied to the touch panel

pen i nput

detection signal line 211. Note that, after the state changes to the state
in which information is inputted to the touch panel 202 with a pen,
anal og sw tches 205a and 205b cause the touch panel controller signal
lines 216 and 217 to be respectively connected to the |ower signal
, SO that the pulse waveformof the T/P-cont2 has a shape
applying the VCOMA in a_§lgo_rt period. In Fig. 3, SWcont of
nts a waveformof a signal outputted fromthe anal og switch
control circletect28n2Gigand appéi 2d 1.0 The Tnd _aprtlt sigraht calissisgnal |ine
209. The SWcont is a signhal generated in the analog swtch control
207 to contrgdnéhetiamal ofy ssWlibesin 200ee awtho2@5hhen VOO Masi ssigind Mo
nals (T/P_contl and the T/P-cont2). For exanple, the SWcont

107 and 108
obt ai ned by
(f) represe

control sig
generates a
inputted to
state in wh

as follows.
anplitude a

ipifiigle Pho’ th@ower electicde 102WH eAe tdORMBRN] 262n0t

the touch panel 202 and generates a signal of "Low' in

t he

i nes

circuit

t he

. i&h_iﬂﬁ‘tﬁ%i@%ii‘?ﬁpir&éﬂ@ﬁ_tﬁj e thaué UG PANEIPH 2y iERWat he noi se
cancel signal” is ‘generated in the display system 200 is briefly described

r%él’?hi%ad?ﬁ% lﬁkeaa{roqﬁnﬁrgﬁa@ﬁﬁmgggﬂﬁé@fée@ t3 ghe!l e

phase afe equal w't tu

crystal drivijngsh@03] 0h%s IleVidch panel 202.

That is, the T/P_cont2 signal is a signal applied
right after the state in which information is not inputted
to the touch panel 202 with a pen changes to the state in
which information is inputted to the touch panel 202 with
a pen. More specifically, the upper electrode 101 and the
lower electrode 102 are electrically connected to each
other in the touch panel 202, so that the VCOM_A signal
applied to the lower electrode 102 is applied also to the
upper electrode 101 so as to be applied to the touch panel
pen input detection signal line 211. Note that, after the
state changes to the state in which information is
inputted to the touch panel 202 with a pen, the analog
switches 205a and 205b cause the touch panel controller
signal lines 216 and 217 to be respectively connected to
the lower signal lines 107 and 108, so that the pulse
waveform of the T/P_cont2 has a shape obtained by
applying the VCOM_A in a short period.

In Fig. 3, SW_cont of (f) represents a waveform of a

signal outputted from the analog switch control circuit

and a phase d?p he liquid



the liquid crystal display device 220 as descri bed above. Specifically, the
cancel signal generator 204 generates a signal (noise cancel signal) whose
anplitude and phase are equal with an anplitude and a phase of a signa
applied to a glass substrate positioned closer to the touch panel of the
liquid crystal display device 220 (that is, the comon el ectrode driving
signal). On this account, a force exerted fromthe signal to the electric
charge existing between the liquid crygtal panel 221 and the touch panel
202 does not vary with passage of tine, 'so that it is possible to prevent
the touch - @208l anidteggphieed tbi ghied am3Jogerswsitah dicaplray deynad 126@ from

vi brating. The follow ng explains how application of the noise cancel

signal reduceg9autthlel eSWoicseEnantk vabsaghan geknteratedevincethéd nagasdegwhere the
noi se cancel signal is not inputted to the touch panel, an electric field

(E=(AVI cd(t)switH Aontio] cerdeRenios7 adicttied thet AfalbBi elwiechedi rection)
generated froma liquid crystal driving signal VM cd(t) and a touch panel

control signahsit panGWhdokHhabdl ytHepanssi Onoti Mo VabiAs ol tdl gpagsage of
time. Thus, a force of an electric field represented by f:qE(g) is exerted

0,60 LSS SIMOF QU PR REERAABILELSE BTl (1S

vibrate. If gknerates a signal of “High” in the state in which
information ﬁ not inputted to the touch panel 202 and
generates a signal of “Low” in the state in which
information is inputted to the touch panel 202.

How the noise cancel signal is generated in the
display system 200 is briefly described as follows.

The cancel signal generator 204 generates a signal
whose amplitude and phase are equal with an amplitude
and a phase of the liquid crystal driving signal for driving
the liquid crystal display device 220 as described above.
Specifically, the cancel signal generator 204 generates a
signal (noise cancel signal) whose amplitude and phase
are equal with an amplitude and a phase of a signal
applied to a glass substrate positioned closer to the touch
panel of the liquid crystal display device 220 (that is, the
common electrode driving signal). On this account, a force
exerted from the signal to the electric charge existing
between the liquid crystal panel 221 and the touch panel
202 does not vary with passage of time, so that it is

possible to prevent the touch-panel-integrated liquid



frequency which results fromvariation of "f" value is in an audible range,
the frequency is recogni zed as audi ble noise. Wile, when the audible
cancel signal is applied to the touch panel as in the present invention, a
signal Vtp whose anplitude and phase are equal with an anplitude and a
phase of the liquid crystal driving signal is inputted to the touch panel,
so that an electric field (E=(AVIcd(t)+Vtp(t))/4z) exerted fromthe touch
panel and the LCD to the electric chagge is constant. Thus, f=qE is
constant, so that no vibration occurs. -31 Note that, the cancel signal |ine
208 to whi ckrybkeéal mbispdayadeel cesi2gialirgenanbtradihy. the cancel si gnal
generator 204 is applied is connected via the analog swtches 205a and 205b
to the | ower signdhd ifoékvilirg asxipldi@ls drowheapiildeatiort ef kheenodkect r ode
102 of the touch panel 202. On this account, the noise cancel signal is

applied to chadawgligaheci¢@deetOduditde hoistoathe videatsadercthser to the
liquid crystal panel 221) Further, in accordance wth whether or not

i nformati ondiesibBputted to the t ouch panel 202 with a pen, each of the
anal og switches 205a and 205b selects either the touch panel controller

L b e s Ol b pTepneonkod ot sikam 23t s i
inputted to the touch panel, an electric field
(E=(AV1cd(t)+Vtp)/Az: “z2” represents a distance in the
thickness direction) generated from a liquid crystal
driving signal Vlcd(t) and a touch panel control signal Vtp
(which hardly depends on time) varies with passage of
time. Thus, a force of an electric field represented by
f=qE(t) is exerted to the electric charge, and the exertion
causes the touch panel or the liquid crystal panel (LCD)
to vibrate, and the vibration causes air to vibrate. If a
frequency which results from variation of “f” value is in
an audible range, the frequency is recognized as audible
noise.

While, when the audible cancel signal is applied to
the touch panel as in the present invention, a signal Vip
whose amplitude and phase are equal with an amplitude
and a phase of the liquid crystal driving signal is inputted
to the touch panel, so that an electric field
(E=(AVlcd(t)+Vtp(t))/Az) exerted from the touch panel and

the LCD to the electric charge is constant. Thus, f=qE is

constant, so that no vibration occurs.



di spl ay system 200 of the present enbodi nent, when information is inputted
to the touch panel 202 with a pen, the Iower signal |ines 107 and 108 of
the touch panel 202 are respectively connected to signal lines 216 and 217
of the touch panel controller 203. Wile, when information is not inputted
to the touch panel 202 with a pen, the Ilower signal lines 107 and 108 of
the touch panel 202 are connected to the cancel signal |ine 208 of the
cancel signal generator 204 so as to akllow the noise cancel signal to be
inputted to the touch panel 202. On thrs account, it is possible to reduce

t he audi bl e -32 ndicte whidte Keepcagcehesignah lpasel ORunet vohiciNotleet hat, in
this case, the touch panel cannot be used while inputting the noise cancel

si gnal whos@giBasecandelanpidrialde gireeretieal Wy h thephasmeeld angaapl i t ude of
the liquid crystal driving signal so that the audible noise is reduced.

However, it gt cganeral2dhatisa é)pmgh(édi i fs Wabehddeed t ouehtBanednhsogsed is
much shorter than a period in ich the touch panel is not used. Thus, it

is preferabkgitthals 809 taCrYH'QOBrbOdeﬁge%v@érts‘? BB Elest 1O 7 QUed pa“e|
controller to the touch panel 1n using the touch %ane and so as to input

the liquid g%t@ﬁ PhEVETge SHENHe UBWEE ¢ &%%%?Bd%aﬁ@%h&{%ieg dpt using

the touch p t hereby reducing the audible noise eplng the t ouch

panel func&)'a%l 202. On this account, the noise cancel signal is

applied to the lower electrode 102 (that is, to the
electrode closer to the liquid crystal panel 221).

Further, in accordance with whether or not
information is inputted. to the touch panel 202 with a pen,
each of the analog switches 205a and 205b selects either
the touch panel controller signal line 216 or the touch
panel controller signal line 217 so that the selected one is
connected to the lower signal lines 107 and 108. In the
display system 200 of the present embodiment, when
information is inputted to the touch panel 202 with a pen,
the lower signal lines 107 and 108 of the touch panel 202
are respectively connected to signal lines 216 and 217 of
the touch panel controller 203. While, when information
is not inputted to the touch panel 202 with a pen, the
lower signal lines 107 and 108 of the touch panel 202 are
connected to the cancel signal line 208 of the cancel
signal generator 204 so as to allow the noise cancel signal
to be inputted to the touch panel 202.

On this account, it is possible to reduce the audible



Furt her, when information cones to be inputted to the touch panel 202 which
has not received any information (when the state of the touch panel 202
changes to the input state), the upper electrode 101 and the | ower

el ectrode 102 of the touch panel 202 are electrically connected to each
other, so that the cancel signal having been applied to the | ower el ectrode
102 just before changing into the input state is outputted also to the
upper electrode 101. As illustrated ingfe) of Fig. 3, the noise cancel
signal outputted to the upper electrode 101 is applied to the touch panel
pen input det@sti evhdieghalepid® Ithee t2tklvipanhé fappetiosi.giadtd ithet106.
Further, the noise cancel signal applied to the touch panel pen input

signal |inen2lthiss capsalt ¢tiet otdinehanahnel swiatrcdio tofier oliseid cwitiile207. Not e
that, it is the analog switch control circuit 207 that sends a contro

si gnal , indiiﬁq&dﬁtengf vhet hepidde cararecle! ssgandl whese20pHusd heah@uch panel
control |l er signal ines 216 and 217 shoul d be selected, to the anal og

swi tches 20%anapt Zd8ureTReeONWieh &iFRakel anderer atRglithid é s eRal og
switch control "circuit 207 and is sent” via the analog switch control

circuit 2091} fd‘%l%‘?ﬂaﬂglciﬁWﬁgh@i%Er?@ﬁ%cﬁQ%a?tO%Be Epastieeisel idhe

follow ng desCription wll explain Enbodi nent 2

reduced. However, it is general that a period in which the
touch panel is used is much shorter than a period in
which the touch panel is not used. Thus, it is preferable
that a switch is provided so as to connect the touch panel
controller to the touch panel in using the touch panel and
so as to input the liquid crystal driving signal to the
touch panel in case of not using the touch panel, thereby
reducing the audible noise while keeping the touch panel
function.

Further, when information comes to be inputted to
the touch panel 202 which has not received any
information (when the state of the touch panel 202
changes to the input state), the upper electrode 101 and
the lower electrode 102 of the touch panel 202 are
electrically connected to each other, so that the cancel
signal having been applied to the lower electrode 102 just
before changing into the input state is outputted also to
the upper electrode 101. As illustrated in (e) of Fig. 3, the
noise cancel signal outputted to the upper electrode 101

is applied to the touch panel pen input detection signal



of the present invention, but the present invention is not |imted to the
description. Enbodi ment 2 describes a touch-p anel -integrated |liquid
crystal display device 400 in case where a signal anplitude of the noise
cancel signal generated by the cancel signal generator described in
Enbodinment | is larger than an input voltage | evel of the analog switch
control circuit or the touch panel controller, that is, in case where the

i nput voltage of the noise cancel siggg[ is larger than an input voltage of
an input signal of the anal og sw tch ntrol circuit or the touch panel

controller. 1i34 £i9. vﬂaiﬂHeJaid;bpéﬁsSi@rﬁélr uaieireoef EFhiether, the noise
touch-panel -integrated |iquid crystal display device (display systen) 400

accordi ng t@ddCePiesanl £PPOHdMBt theAfoiBht Parkspleay isysthemighldescri bed
in Enbodi nent 1, the touch-panel-integrated [iquid crystal display device

400 (herei naff er 5 1nefigr {£f Qe ! % fitc " dhsibay sSLAMAith] Eirdftanged so
that a touch panel i nput device (1 nput evice) 430 including two
sheet - shape (?}ectrodes (conductive thin plates: an upper electrode 101 and

a lower eléctirode 102) is provided on a liquid crystal display device

di spl devi | 4 Lflcal i Lustr ates. t f
he' i qui d cryst alvofspPay dbuscn G5 aleg R ihsH s e kil L0doa et

Note that, ttllJleatStsreur? grealgo%lkc]?olsasni‘fgnal, indicative of whether the

cancel signal line 208 or the touch panel controller signal
lines 216 and 217 should be selected, to the analog
switches 205a and 205b. The control signal is generated
by the analog switch control circuit 207 and is sent via
the analog switch control circuit 209 to the analog
switches 205a and 205b.

[Embodiment 2]

The following description will explain Embodiment 2
of the present invention, but the present invention is not
limited to the description. Embodiment 2 describes a
touch-panel-integrated liquid crystal display device 400
in case where a signal amplitude of the noise cancel
signal generated by the cancel signal generator described
in Embodiment 1 is larger than an input voltage level of
the analog switch control circuit or the touch panel
controller, that is, in case where the input voltage of the
noise cancel signal is larger than an input voltage of an
input signal of the analog switch control circuit or the

touch panel controller.



as the structure of the liquid crystal

di spl ay device 220 according to

Enbodi nent 1, so that description thereof is omtted. A structure of a
402 of the display system400 is the sane as the structure
described in Enbodinment 1 illustrated in Fig. 2, so that the sane

t ouch panel

reference nunerals are used in describing the structure.
the display system 400 of the present enbodi nent incl udes:
liquid crystal display device (displg§ devi ce) 420; and a touch panel
i nput device (input device) 430, provide

devi ce, which has Rigo
the | ower el ectrode

Fig. 4,

d on the liquid -35 crystal

As illustrated in

t he

di spl ay

comductilvasthates pl ahes ($tieidppey el ectrodrelO0l and
102) for detecting a position via which information is

inputted fragnidie pa ﬁélqelteghatédqwl‘iiqﬁﬁaﬁq":'r itap! amgg‘mye 4Ficecl udes a

liquid crystal panel (LCD:
di spl ay dew(a?s Ié&”é}gst%‘i‘ﬁ} '4%‘0(&'&&9}&%. devige

i splay section) 421 and a

iquid crystal
FLYERY &%@d&%eﬂ%z for

controlling display carried out in the IC|UId c?ysta panel 421. Further,

the t h H t t
i nter nal dﬁ?.&ies' R 514 ilienh 208 AP M PRPPRA RS

panel

421,
402; a cance S|gna nerator

CJP gheqoir}{{e%r]aetr d|4 gl 96 C%tsrt%' 9pih¢ SR

Ica
400 (hereinafter, referred to also as “display system 4007)

is arranged so that a touch panel input device (input
device) 430 including two sheet-shaped electrodes
(conductive thin plates: an upper electrode 101 and a
lower electrode 102) is provided on a liquid crystal display
device (display device) 420.

Fig. 7 more specifically illustrates the structure of
the liquid crystal display device 420 according to the
present embodiment. Note that, the structure is the same
as the structure of the liquid crystal display device 220
according to Embodiment 1, so that description thereof is
omitted.

A structure of a touch panel 402 of the display
system 400 is the same as the structure described in
Embodiment 1 illustrated in Fig. 2, so that the same
reference numerals are used in describing the structure.

As illustrated in Fig. 4, the display system 400 of
the present embodiment includes: the liquid crystal
display device (display device) 420; and a touch panel

input device (input device) 430, provided on the liquid

crystal
panel



section) 404; an analog switch (signal switching section) 405 (405a to
405d); a signal voltage conversion circuit (conversion circuit) 406; and
the like. The touch panel 402 is provided on a surface of the |liquid
crystal panel 421 of the liquid crystal display device 420. As illustrated
in Fig. 4, the upper electrode 101 constituted of a conductive thin plate
So as to detect a positionin a Y axis direction of the touch panel 402 and
the lower electrode 102 constituted of ;8 conductive thin plate so as to
detect a position in an X axis direction of the touch panel 402 are

provi ded so caystal ovesbdpyeaddvicdd @thith Hheai iwo tdndowivel ehtinode 102
i s disposed below the upper electrode 101, and the liquid crystal panel 421

of the |iquiglageystele dupery elevteed42Q01s phiavicHed 18aicaaweltberdaeer
el ectrode 102. Further, the upper electrode 101 is connected to the upper

signal i nes dPp fI1d é@@ectﬁh@/iﬁe oXtish t Pidewasicr PORIAhaRibA tiRe Y axis
direction. The |ower electrode 102 is connected to the |lower signal |ines

107 and 108 iﬂgqyﬂtggdﬁs&nagggpog@gﬁfé_ a position in the X axis direction.

Further, an upper layer 1 is provided on the upper electrode 101 as a

(1 mfor 11xing Uneehgtlenidaeail Loieg g 0mis o st
el ectrode. liquid crystal panel (LCD: display section) 421 and a
liquid crystal display device driving section (display
device driving section) 422 for controlling display carried
out in the liquid crystal panel 421.

Further, the touch panel input device 430 of the
display system 400 includes internal devices such as: a
touch panel 402 provided on the liquid crystal panel 421;
a touch panel controller 403 for controlling the touch
panel 402; a cancel signal generator (signal application
section) 404; an analog switch (signal switching section)
405 (405a to 405d); a signal voltage conversion circuit
(conversion circuit) 406; and the like.

The touch panel 402 is provided on a surface of the
liquid crystal panel 421 of the liquid crystal display
device 420. As illustrated in Fig. 4, the upper electrode
101 constituted of a conductive thin plate so as to detect
a position in a Y axis direction of the touch panel 402 and
the lower electrode 102 constituted of a conductive thin

plate so as to detect a position in an X axis direction of

the touch panel 402 are provided so as to overlap each



Next, wth reference to Fig. 4, how the internal
i nput device 430 are arranged w ||

devi ces of the touch panel
be described as follows. As the internal

devi ces connected to the touch panel 402, the touch panel input device 430
i ncl udes: the touch panel controller (input device control section) 403; a
cancel signal generator (signal application section) 404; an analog swtch
tching section) 405 (405a to 405d); a signal voltage conversion
circuit (conversion circuit) 406; an_g$élog switch control circuit 407; a

o

(signal sw

det ecti on si

cancel signal line 408; an analog swifch control signal |ine 409; a touch
panel input otBérst Thpages deheclowerseiwetrdd eiel @20is alispiedeppabelowen i nput
gnal line 411; touch panel controller signal lines 416 to 419;

t he af or enerhie0

| ower si gnal
for detecti

ReshePRrAecstgdal 100, nesdl@healid it crgrdal heaakorepent i oned

| ines 107 and 108. The touch panel controller 403 is a circuit
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provided so as to detect a position in the Y axis direction.

nent, the signal ose a

The lower electrode 102 is connected to the lower signal
lines 107 and 108 provided so as to detect a position in
the X axis direction.

Further, an upper layer 103 is provided on the
upper electrode 101 as a film for fixing the upper
electrode, and a lower layer 104 made of plastic or glass
is provided below the lower electrode 102 so as to fix the
lower electrode.

Next, with reference to Fig. 4, how the internal
devices of the touch panel input device 430 are arranged
will be described as follows. As the internal devices
connected to the touch panel 402, the touch panel input
device 430 includes: the touch panel controller (input
device control section) 403; a cancel signal generator
(signal application section) 404; an analog switch (signal
switching section) 405 (405a to 405d); a signal voltage
conversion circuit (conversion circuit) 406; an analog
switch control circuit 407; a cancel signal line 408; an

analog switch control signal line 409; a touch panel input



and phase are equal with an anplitude and a phase of the |liquid crystal
driving signal is referred to as "cancel signal"”. Each of the anal og

swi tches 405a and 405b is a switch for suitably select either the touch
panel controller 403 or the cancel signal generator 404 so as to connect
the selected one to the touch panel 402. That is, each of the anal og

swi tches 405a and 405b selects either the touch panel controller 403 or the
cancel signal generator 404 so as to gennect the selected one to the | ower
signal lines 107 and 108 and the | ower electrode 102 of the -38 touch

panel . Furt Beoppagecdoteation wsighahetiher 4$10nok tonfak nplirel isen nput t ed
to the touch panel 402 with a pen, each of the analog swtches 405a and

405b swi t chesplite dduahonangeneantlint! arl #03tdwchhg diotisecsanesllesi gnal
generator 404 or switches the noise cancel signal generator 404 to the

touch panel s¢@AkNOlihes 40% toSRECd { it |a)forEﬂ1@ﬁ§R>r9$d“ﬁb?ﬂ:ﬁ Reghauch panel
(in case where information is inputted to the touch panel 403 with a pen),

the | over signal {pBesrld7108d 0% hd herdrunbn hgnel 4033 igRapectively

connected to the signal lines” 416 and 418 o e touch panel controller
403. Wil e, i G §' £gkhe touch panel is not used (in case where
i nformation 1|I{slsSno'ft%{énaypﬁ(i?utteg to the touch panel 402 with a

The touch panel controller 403 is a circuit for
detecting a position via which information is inputted to
the touch panel with a pen.

The cancel signal generator 404 generates a signal
(noise cancel signal) whose amplitude and phase are
equal with an amplitude and a phase of a liquid crystal
driving signal (driving signal) outputted from the liquid
crystal display device driving section 422 to the LCD 421.
In the present embodiment, the signal whose amplitude
and phase are equal with an amplitude and a phase of the
liquid crystal driving signal is referred to as “cancel
signal”. |

Each of the analog switches 405a and 405b is a
switch for suitably select either the touch panel controller
403 or the cancel signal generator 404 so as to connect
the selected one to the touch panel 402. That is, each of
the analog switches 405a and 405b selects either the
touch panel controller 403 or the cancel signal generator
404 so as to connect the selected one to the lower signal

lines 107 and 108 and the lower electrode 102 of the



pen), the |lower signal |ines 107 and 108 of the touch panel 402 are
connected to the cancel signal line 408 of the cancel signal generator 404
so as to cause the noise cancel signal to be inputted to the touch panel
402. Each of the anal og switches 405a and 405b suitably selects either the
touch panel controller 403 or the analog switch control circuit 404

(i ncluding the signal voltage conversion circuit 406) so as to connect the
sel ected one to the touch panel 402. the basis of (i) an output signal
(control signal in case where informat¥on is inputted with a pen) sent from
t he upper S&G@ﬁhl&hﬂ@eE06 -39 of the touch panel 402 to the touch panel pen

input signal line 411 in inputting information with a pen and (ii) a
detection signal $&0{tHE t hent OUCh IRNE cHENwi FRUL wisd ORBRIE Fet gkl on
signal line 410 in case where information is not inputted wth a pen, the

anal og swi t‘}%o?ﬂiﬁ i8h £4 iR +1aQ7 1 §aRR %ﬁ%lf‘?%g{‘éf Qf'o%ivgi’{?l' .O%e he —anal og

switch 405. e analog swtch control circuit can be realized’by using

alatch circuyit, f a . term t a Li.C ontr ol
circuit 407%ilélsCh cogf;lﬁgl)ét gglatqggﬁﬁgﬁt:tgggﬁé pwane zlgr%gu?%s op%glgg e%’e@?‘gon

signal line _410.serving as a cgntrol, sjgnal .line in case_where information
is not i nputt{’)élé:}}/vi PRIS pe QHKOﬁZ%Et 4Ot%erﬂ? ng"eofn?lr?ee a%%PSSlsﬁlgEﬁlcont r ol
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generator 404 to the touch panel controller 403.
Specifically, in case of using the touch panel (in case
where information is inputted to the touch panel 403 with
a pen), the lower signal lines 107 and 108 of the touch
panel 402 are respectively connected to the signal lines
416 and 418 of the touch panel controller 403. While, in
case where the touch panel is not used (in case where
information is not inputted to the touch panel 402 with a
pen), the lower signal lines 107 and 108 of the touch
panel 402 are connected to the cancel signal line 408 of
the cancel signal generator 404 so as to cause the noise
cancel signal to be inputted to the touch panel 402.

Each of the analog switches 405a and 405b suitably
selects either the touch panel controller 403 or the analog
switch control circuit 404 (including the signal voltage
conversion circuit 406) so as to connect the selected one
to the touch panel 402. On the basis of (i) an output

signal (control signal in case where information is

inputted with a pen) sent from the upper signal line 106



serving as a control signal in case where information is inputted with a
pen. An output termnal of the analog switch control circuit 407 is

connected to the analog switch control signal |ine 409. The cancel signal
line 408 is a signal line to which the noise cancel signal is applied as
descri bed above, and the cancel signal line 408 is connected via the anal og

switch 405 to the lower signal lines 107 and 108 of the touch panel 402.
The signal voltage conversion circuit égG converts an anplitude |evel of
t he noi se cancel signal down to an -40“rnput voltage level in case where the

anpl i tude | e)felthef tdbehn@HecLanog & offee toukitghpankehapdheinpput vol tage
| evel of the touch panel controller 403 or the analog swtch control

circuit 407 sfgrh%lsngfealwpl {R0En SORYRE S| ¥orghhEIHA @96hab ?‘@,’%1 tdgdanpl i t ude
of the noise cancel signal to vary in case where the anplitude Ievel of the

noi se canc 1&%9?@'&&&%&'{ tsﬁ%hnteﬂ ke tt QHC'E‘h@aE‘Shg'I'ISJJHIQE?rQéHa

anpl i tude | a signal Ich can be inputte ouc ane
controller. i | e oi gh, suc possi Ri y
anpl i tude Ieve %é%hééﬁgﬁggbgbaﬁ%gpéglgna |H$&?tegﬁ %gtaﬁgﬁ panm

cont rol | er 40315, 88N g shal dibe EP%?*{hp%ng)fe O%r%% of03)i3chr oken.

Note that, in case eret eve nol'se €ancel "signal is

lover  than t%%fr%QUtci\{g{lti?gﬁd’Fvgenerates a control signal of the

analog switch 405. The analog switch control circuit 407
can be realized by using a latch circuit for example. A set
terminal of the analog switch control circuit 407 is
connected to the touch panel input stoppage detection
signal line 410 serving as a control signal line in case
where information is not inputted with a pen. A reset
terminal of the analog switch control circuit 407 is
connected to the touch panel pen input signal line 411
serving as a control signal in case where information is
inputted with a pen. An output terminal of the analog
switch control circuit 407 is connected to the analog
switch control signal line 409.

The cancel signal line 408 is a signal line to which
the noise cancel signal is applied as described above, and
the cancel signal line 408 is connected via the analog
switch 405 to the lower signal lines 107 and 108 of the
touch panel 402.

The signal voltage conversion circuit 406 converts

an amplitude level of the noise cancel signal down to an



t he touch panel controller 403 or the analog switch control circuit 407,
the signal voltage conversion circuit 406 can convert the anplitude |eve
of the noise cancel signal up to the input voltage |level. |In accordance

wi th whether the touch panel is used or not (that is, in accordance with
whet her or not information is inputted fromthe outside to the touch
panel ), the analog switch control signal |line 409 sends, to each of the
anal og swi tches 405a and 405c, a contfgh__signal for controlling selection
of a connecting end to which each of tHe | ower signal |ines 107 and 108 of

the -41 toughppanelolshgel devel dennecd €dwhldricewhee armplaacde dbnes wift h
whet her the touch panel is used or not (that is, in accordance w th whet her

or not inforpRt ifyislkeS daipekl edghzamié hiei e si deaho thiee inpRucdlagge) . the
anal og switch control signal line 409 sends, to each of the anal og sw tches

405b and 40%dyvep of£OPHEOIto% @Al COMLEA I1ERY 4383 epli ah Of aatepnect i ng
end to which each of the upper “signal lines 105 and 106 of the touch panel

shoul d be cqnpaehedodiio]t el 2077 SRPATE AR Gl EoRe SEgRFerbiog 410

recei ves a signal whereby the touch pan rolle detects that the

ves a signal’ w cOftrol ler 483 det <t
i or it on o e bt 400 A TRRRPAE, SRSLatkl oL b pRIS R CBL AR,

receives a %8ntvra?”|y S1lngncagse where the amplitude level of the noise

cancel signal inputted to the touch panel is higher than
an amplitude level of a signal which can be inputted to
the touch panel controller. Thus, it is possible to avoid
such a possibility that: an amplitude level of the noise
cancel signal inputted to the touch panel controller 403 is
so high that the touch panel controller 403 is broken.

Note that, in case where the amplitude level of the
noise cancel signal is lower than the input voltage level of
the touch panel controller 403 or the analog switch
control circuit 407, the signal voltage conversion circuit
406 can convert the amplitude level of the noise cancel
signal up to the input voltage level.

In accordance with whether the touch panel is used
or not (that is, in accordance with whether or not
information is inputted from the outside to the touch
panel), the analog switch control signal line 409 sends, to
each of the analog switches 405a and 405c, a control
signal for controlling selection of a connecting end to

which each of the lower signal lines 107 and 108 of the



for stopping operation of the touch panel controller 403. The touch panel

i nput stoppage detection signal line 410 is connected to the analog switch
control circuit 407 provided in the touch panel controller 403. The touch
panel pen input detection signal line 411 is connected to the upper signal

line 106 of the touch panel 402 via the analog switch 405d and the signal
vol tage conversion circuit 406. In case where information is inputted from
the outside to the touch panel 402, % upper el ectrode 101 and the | ower
el ectrode 102 of the touch panel 402 l)rre into electric contact with each

-42 ot her, seudmbhansl ghaulapplel edntnectaeh of the | ower signal |ines 107
and 108 is applied to the upper electrode 106. Further, the signal applied

to the upper signalikkw18elO08ni Sacddriihed t\ﬁlﬂhevﬂigﬂ@ér Vehkag®eamver si on
circuit 406 VI a the anal og switch 405d and is subjected to voltage

conversi on 1t he ﬁhSHabrVﬂbEa(QﬁaCtof‘é/e'iﬁ' 9808&-88&4&: ¥’h v@l@@tlﬁ@?” the

converted si is applied to the touch panel pen input signal [1ne 411

Sl .“ﬁzs‘ri?# RSP0 e el 1 oo e | over
oo TR é%’é‘é?)féﬁ%ﬁeﬁﬁ%ﬁw SeriRol S puryRegndo2 So o
case where tsré% s, o ac%I oé}oghésa?l(gloléssgmtches 405b and 405d, a

control signal for controlling selection of a connecting end

to which each of the upper signal lines 105 and 106 of the

touch panel should be connected.

The touch panel stoppage detection signal line 410

receives a signal whereby the touch panel controller 403

detects that the touch panel 403 is in a stoppage state

(that is, a state in which information is not inputted from

the outside to the touch panel) or receives a control signal

for stopping operation of the touch panel controller 403.

The touch panel input stoppage detection signal line 410

is connected to the analog switch control circuit 407

provided in the touch panel controller 403.

The touch panel pen input detection signal line 411

is connected to the upper signal line 106 of the touch

panel 402 via the analog switch 405d and the signal

voltage conversion circuit 406. In case where information

is inputted from the outside to the touch panel 402, the

upper electrode 101 and the lower electrode 102 of the

touch panel 402 come into electric contact with each



(that is, in case where information is not inputted from the outside to the
touch panel 402), the noise cancel signal outputted fromthe cancel signa
generator 404 is applied to the Ilower signal lines 107 and 108. Each of the
upper signal lines 105 and 106 disposed on the touch panel 402 is a signal
line connected to the upper el ectrode 101 di sposed above the | ower

el ectrode 102. When information cones to be inputted to the unused touch
panel 402, the upper electrode 101 apg the | ower electrode 102 of the touch
panel 402 come into electric contact mﬁ?h each other, the -43 noi se cancel

signal is ouwthulrt esbtthdthe sppenl sgpaled itbesachOdfagie 10&veFwigherl, an
anplitude of the outputted noise cancel signal is adjusted by the signal

vol tage conue¢si PO7ChM@UIT0406G spPHeldoteathy apperolllagerogenyersi on. Each
of the touch panel controller signal lines 416 t0 419 is a signal line

connect ed gl d:0uelhe PE8al GRMIIALI & tAR3udperaserering hod qych panel

is used (that is, in case where'information i's inputted fromthe outside

to the toucri‘npﬁie‘c"‘ckddfgg) thEhgiéﬁQHPmm%gy z:'n A rsiloirpecslﬁég:l?t apgetl8qare

connected to ower signa I nes 8 and t ower el ectrode 102
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conversion with the signal voltage conversion circuit 406,
and then the converted signal is applied to the touch
panel pen input signal line 411 and is inputted to the
analog switch control circuit 407.

Each of the lower signal lines 107 and 108 disposed
on the touch panel 402 is a signal line connected to the
lower electrode 102 provided on the touch panel 402 so as
to be positioned closer to the surface of the liquid crystal
panel 421. In case where the touch panel 402 is not used
(that is, in case where information is not inputted from
the outside to the touch panel 402), the noise cancel
signal outputted from the cancel signal generator 404 is
applied to the lower signal lines 107 and 108.

Each of the upper signal lines 105 and 106
disposed on the touch panel 402 is a signal line
connected to the upper electrode 101 disposed above the
lower electrode 102. When information comes to be
inputted to the unused touch panel 402, the wupper
electrode 101 and the lower electrode 102 of the touch

panel 402 come into electric contact with each other, the



inputted fromthe outside to the touch panel 402), the touch panel
lines 417 and 419 are connected to the upper signal lines 105 and 106 and
t he upper electrode 101 by the anal og switches 405b and 405d. In this

manner, four signal lines (the upper signal [|ines 105 and 106 connected to
t he upper electrode 101 of the touch panel 402 and the | ower signal

107 and 108 connected to the | ower electrode 102) are connected

t ouch panel

upper electrode 101 and the | ower electrode 102, but the upper

si gnal

i nes

to the

controller 403 in case whepg the touch panel is used. This
all ows detection of a position via which information is inputted to the
touch panel ridfidewctihceldsigmahn.isNotepiitaed Fogthd dpgerneighhl usheste the

el ectr ode

101 and the 1ggearsl e¢OdeFrdPehere aaspgsiplyaide ©INne@ egutputthedupper
signal lines 105 and 106 or the |ower signal |ines 107 and 108 and

the touch pANRLA0LanAE] dg$ghhledsa

X
is provided; the analog swtches

Each of the touch panel controller signal lines 416
to 419 is a signal line connected to the touch panel
controller 403. In case where the touch panel is used
(that is, in case where information is inputted from the
outside to the touch panel 402), the touch panel signal
lines 416 and 418 are connected to the lower signal lines
107 and 108 and the lower electrode 102 by the analog
switches 405a and 405c. Further, in case where the touch
panel is used (that is, in case where information is
inputted from the outside to the touch panel 402), the
touch panel signal lines 417 and 419 are connected to the
upper signal lines 105 and 106 and the upper electrode
101 by the analog switches 405b and 405d.

In this manner, four signal lines (the upper signal
lines 105 and 106 connected to the upper electrode 101 of
the touch panel 402 and the lower signal lines 107 and
108 connected to the lower electrode 102) are connected
to the touch panel controller 403 in case where the touch
panel is used. This allows detection of a position via

which information is inputted to the touch panel 402 with

exi st
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the pull-down resistor is not provided.



Thus,

operation of the display system 400 is

operation of the display system 200 of Enbodinent 1. That is, a ti

chart

i ndi cative of pul se waveforns of various kinds of signals r

substantially the sanme as the

m ng
ecei ved

in the display system400 is the sanme as the timng chart illustrated in
Fig. 3. Thus, description thereof is omtted in the present enbodi

Furt her,

si gnal

t hat

it

in the display system 400 according to the present enbodi
voltage conversion circuit 406,4s provided as descri bed above, so
is possible to adjust an anplitude of the noise cancel signal so as

nment .
ment, the

to -45 corraspend to an input voltage |level of the touch panel controller
403 or the analog switch control circuit 407. On this account, it

possible to avoi dNgieh eh#t bk 4halcest AQtSEInaseR{tesi el ppeng a

vol t age whose | evel

is

exceeds t he i nput voltage level is inputted to the

touch panek)cOtdRd | £6 1488 % hichfowea! Otk StWiolddh 1992t 'hht GHLCHibpef07, with

the result that the touch panel controller 403 or the analog s é\ftch control

circuit 407.hs.argken o Furd
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by inputting a nolse cance{3 si gnal aV| ng a t age V\%OSE ?Evel IS
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descri ptiony gl %Xgh 1"lines 107 and 108 and exist in the touch

panel 402.

As described above, the display system 400
according to the present embodiment is arranged
substantially in the same manner as in the display system
200 according to Embodiment 1 except that: the signal
voltage conversion circuit 406 is provided; the analog
switches 405b and 405d are additionally provided; and
the pull-down resistor is not provided.

Thus, operation of the display system 400 is
substantially the same as the operation of the display
system 200 of Embodiment 1. That is, a timing chart
indicative of pulse waveforms of various kinds of signals
received in the display system 400 is the same as the
timing chart illustrated in Fig. 3. Thus, description
thereof is omitted in the present embodiment.

Further, in the display system 400 according to the
present embodiment, the signal voltage conversion circuit
406 is provided as described above, so that it is possible

to adjust an amplitude of the noise cancel signal so as to

e caused
| ess



Enbodi mrent 3 of the present invention with reference to Fig. 3, Fig. 6, and
Fig. 7, but the present invention is not |imted to the description. In the
above-descri bed Enbodinents 1 and 2, switching operation of the anal og
switch is carried out in accordance with whether or not information is
inputted to the touch panel wth a pen. While, a touch-panel-integrated
liquid crystal display device 500 according to the present enbodinent is a
di spl ay system having also a telephqngsﬂunction and a sound collecting
function, which carries out switching operation of an analog switch in
accordance wdrreapodfd comdahi dnpeft Midsagtubeteonsf (thiettbercleaphmydl t hese

functions is used or not). Fig. 5 illustrates a structure of the
t ouch- panel dorte@lbdredd hBquirdtBey sirbd gl spkopeevbaerol diigphay gpst.em) 500
according to the present enbodi nent. in the display system 200 descri bed

in Enbodi memynlihid hecéoueh; pﬁ”%'bﬁts%%i’é e ldeid Snyst 3l pi'éli’l'ef‘iﬁ devi ce
500 (hereinafter, referred fo also as "display system 500") - is arranged so

that a toucghgffggé h@l@ge A8 ¥%ices éig}ga& ha%w'lge)a ;éz%gg%gslwgw&etmel

sheet - shape trodes (conducti thin plates rred to as an upper

el ectrode Je%e%ggg %&é&f’ﬁffaﬂ SO ]19%ei[1 Siso.riﬁ%gf%a@gtsé;ﬂc?“ﬂ&cﬁr ystal

di spl ay device nore specifically i structure of
panel controller 403 or the analog switch control circuit

407, with the result that the touch panel controller 403 or
the analog switch control circuit 407 is broken. Further,
it is possible to prevent a trouble caused by inputting a
noise cancel signal having a voltage whose level is less
than the input voltage level into the touch panel
controller 403 or the analog switch control circuit 407.
[Embodiment 3]

Next, the following description will explain
Embodiment 3 of the present invention with reference to
Fig. 3, Fig. 6, and Fig. 7, but the present invention is not
limited to the description. In the above-described
Embodiments 1 and 2, switching operatiqn of the analog
switch is carried out in accordance with whether or not
information is inputted to the touch panel with a pen.
While, a touch-panel-integrated liquid crystal display
device 500 according to the present embodiment is a
display system, having also a telephone function and a
sound collecting function, which carries out switching

operation of an analog switch in accordance with a



the Iiquid crystal display device 520 according to the present enbodinent.
Note that, the structure is the sanme as the structure of the liquid crystal
di spl ay device 220 according to Enbodi nent 1, so that description thereof

is omtted. A structure of a touch panel 502 of the display systemb500 is
the sane as the structure described in Enbodinment 1 illustrated in Fig. 2,
so that the sane reference nunerals are used in describing the structure.

As illustrated in Fig. 5, the display stem 500 of the present enbodi nment
includes: the liquid crystal -47 disb]%é'device (di spl ay device) 520; and a

touch panel cordwitiofevote thierrut fdavitien sS3WwhetRet decham tde theded
crystal display device, which has two conductive thin plates (the upper

el ectrode 1@ andohleid MRId IJreplotpde 102) for detecting a position via
which information is inputted fromthe outside. The liquid crystal display

device 520 includggsa |isqui di1gy ¥t ePanel (ng'rucy]'tweay Sgetiop)e521 and a
i (disp i

liquid crystal dispﬁéy devi ce driving section ay device driving

section) 52i8r %—jfé&ﬁé?—!ihitggﬁg:tég' aMizgﬁgéit ﬁgryg‘ﬂé}]i “dﬁQ‘ﬁlzlﬁﬂ'{]gﬂitd%ngéé?t al

panel 521. as’ inte evi ces ouch pane _ evi ce 530
of e 9F Pl aye Y8 ADSA0| RY IR0 R i WoPhePBRELe 0% REYSEERRD the
As in the display system 200 described in Embodiment 1,
the touch-panel-integrated liquid crystal display device
500 (hereinafter, referred to also as “display system 5007)
is arranged so that a touch panel input device (input
device) 530 including two sheet-shaped electrodes
(conductive thin plates) referred to as an upper electrode
101 and a lower electrode 102 is provided on a liquid
crystal display device 520.

Fig. 7 more specifically illustrates a structure of
the liquid crystal display device 520 according to the
present embodiment. Note that, the structure is the same
as the structure of the liquid crystal display device 220
according to Embodiment 1, so that description thereof is
omitted.

A structure of a touch panel 502 of the display
system 500 is the same as the structure described in
Embodiment 1 illustrated in Fig. 2, so that the same
reference numerals are used in describing the structure.

As illustrated in Fig. 5, the display system 500 of

the present embodiment includes: the liquid crystal



touch panel

liquid crystal panel 521 of the liquid crystal display device 520. As

controller 503 for controlling the touch panel 502; a cancel
signal generator (signal application section) 504; an analog swtch (signal
switching section) 505 (505a to 505d); an analog switch control circuit
506; and the |ike. The touch panel 502 is provided on a surface of the

illustrated in Fig. 5 the upper electrode 101 constituted of a conductive
thin plate so as to detect a positiaongin a Y axis direction of the touch

panel 502 and

the | ower electrode 102 constituted of a conductive thin -48

pl ate so as dispdeyectevdcpogdisphay ndenice)axd20di nexd i antofach hpanmich panel
502 are provided so as to overlap each other. That is, the | ower el ectrode

102 i s di spoagdithed @wicd Nénppperd etieet) r 63O, 1 owkked henl ithe diguydt al

panel

521 of the liquid crystal display device 520 is provided below the | ower

el ectrode 1Q@2yskult Hesplafe depfiee, ekgeictoddaklltwbs cndaetpde t ehihe upper
signal lines 105 and 106 provided so as to detect a position in the Y axis

di recti on.

107 and 108 provided so asS to detect a position in

rfdray&été@énlgs Pr \S'S‘ilﬁi%rpnvfahewl'ﬁ@??r1r?fc?r9h'él‘?ij@n1@§ as a

Further, anj

plaeeloyEie ehpplerodgedflodé tonnechadthe 16&drowaEcetgaal

i nes

the X axis direction.

fil mfor fixing the upper electr | oner | ayer 104 nmade of plastic

or gl ass

inputted from the out31de.

The liquid crystal display device 520 includes a
liquid crystal panel (LCD: display section) 521 and a
liquid crystal display device driving section (display
device driving section) 522 for controlling display carried
out in the liquid crystal panel 521.

Further, as internal devices, the touch panel input
device 530 of the display system 500 includes: the touch
panel 502 provided on the liquid crystal panel 521; a
touch panel controller 503 for controlling the touch panel
502; a cancel signal generator (signal application section)
504; an analog switch (signal switching section) 505
(505a to 505d); an analog switch control circuit 506; and
the like.

The touch panel 502 is provided on a surface of the
liquid crystal panel 521 of the liquid crystal display
device 520. As illustrated in Fig. 5, the upper electrode
101 constituted of a conductive thin plate so as to detect
a position in a Y axis direction of the touch panel 502 and

the lower electrode 102 constituted of a conductive thin



is provided below the | ower electrode 102 so as to fix the |ower electrode.
Next, with reference to Fig. 5 how the internal devices of the touch panel
i nput device 530 are arranged w Il be described as follows. As the internal
devi ces connected to the touch panel 502, the touch panel input device 530
i ncl udes: the touch panel controller (input device control section) 503; a
cancel signal generator (signal application section) 504; an anal og switch
(signal switching section) 505 (505a hg 505d); an analog switch control

circuit 506; a cancel signal line 508; "dn anal og -49 switch control signal
line 509; tglehepabehscontdetder sSiphwiltidhnes SA6X @:889difbetidfpregment i oned
upper signal lines 105 and 106; and the aforenentioned |ower signal |ines

107 and 108.tpthechrushpRake! soontdQd IeFo e d Ss@ &4 €8 bvEprap dehepting a
position via which information is inputted to the touch panel wth a pen.
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the lower electrode 102. Further, the upper electrode 101

is connected to the upper signal lines 105 and 106

provided so as to detect a position in the Y axis direction.

The lower electrode 102 is connected to the lower signal

lines 107 and 108 provided so as to detect a position in

the X axis direction.

Further, an upper layer 103 1is provided on the
upper electrode 101 as a film for fixing the upper
electrode, and a lower layer 104 made of plastic or glass
is provided below the lower electrode 102 so as to fix thev
lower electrode.

Next, with reference to Fig. 5, how the internal
devices of the touch panel input device 530 are arranged
will be described as follows. As the internal devices
connected to the touch panel 502, the touch panelihput
device 530 includes: the touch panel controller (input
device control section) 503; a cancel signal generator
(signal application section) 504; an analog switch (signal

switching section) 505 (505a to 505d); an analog switch

control circuit 506; a cancel signal line 508; an analog



liquid crystal driving signal is referred to as "noi se cancel signa

of the anal og switches 505a and 505d is a

either the touch panel controller 503 or the cancel signal generato
as to connect the selected one to the touch panel 502. Specifically, each
of the anal og swi tches 505a and 505c selects either a detection sig
the touch panel <controller 503 or the noise cancel signal fromthe
signal generator 504 so as to input thggselected one to the |ower s

l i nes 107 and 108 and the | ower electr

e -50 102 of the touch panel

Further, eacfwilcH heoalabPdsignhl Chiete S80I ;and PIRd phert soatdetiest
signal from the touch panel controller 503 or the noise cancel sign
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detecting a position via which information is inputted to
the touch panel with a pen.

The cancel signal generator 504 generates a signal
(noise cancel signal) whose amplitude and phase are
equal with an amplitude and a phase of a liquid crystal
driving signal (driving signal) outputted from the liquid
crystal display device driving section 522 to the LCD 521.
In the present embodiment, the signal whose amplitude
and phase are equal with an amplifude and a phase of the
liquid crystal driving signal is referred to as “noise cancel
signal”.

Each of the analog switches 505a and 505d is a
switch for suitably selecting either the touch panel
controller 503 or the cancel signal generator 504 so as to
connect the selected one to the touch panel 502.
Specifically, each of the analog switches 505a and 505c
selects either a detection signal from the touch panel
controller 503 or the noise cancel signal from the cancel
signal generator 504 so as to input the selected one to the

lower signal lines 107 and 108 and the lower electrode

he "'noi se ‘cancel signal to the control signal. Further,

gnal
ch panel



are connected to the cancel signal line 508 of the cancel signal generator
504 so as to allow the noise cancel signal to be inputted to the touch
panel 502. Wiile, in case where each of the foregoing functions is not
used, the upper signal lines 105 and 106 and the | ower signal lines 107
and 108 of the touch panel 502 are respectively connected to the signal
lines 517, 519, 516, and 518 of the touch panel controller 503. Further,
the anal og switch control circuit 506 %ﬁ circuit for generating control
signals of the analog sw tches 505a t©°505d in accordance with a condition

-51 under wyzhofheh@® Sﬂi@&hsyq_hﬁel S0Pursher! healcdl ephorBe famaibgn and/ or

the sound collecting function e cancel S|gnal line 508 is a signal |ine
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s the upper electrode 101 of the touch panel.

In accordance with whether or not the display
system 500 uses the telephone function and/or the sound
collecting function, each of the analog switches 505a to
505d switches the control signal to the noise cancel
signal or switches the noise cancel signal to the control
signal. Further, in case where each of the foregoing
functions is used, the upper signal lines 105 and 106 and
the lower signal lines 107 and 108 of the touch panel 502
are connected to the cancel signal line 508 of the cancel
signal generator 504 so as to allow the noise cancel signal
to be inputted to the touch panel 502. While, in case
where each of the foregoing functions is not used, the
upper signal lines 105 and 106 and the lower signal lines
107 and 108 of the touch panel 502 are respectively
connected to the signal lines 517, 519, 516, and 518 of
the touch panel controller 503.

Further, the analog switch control circuit 506 is a

circuit for generating control signals of the analog

switches 505a to 505d in accordance with a condition



connected to the anal og switches 505a to 505d, so that it is possi
apply the noise cancel signal to the touch panel 502 in accordance
condi tion under which the telephone function or the sound collecti
function added to the systemis used. The anal og switch control si
509 is a signal Iline for sending, to the anal og switches 505a to 5
control sig
circuit 506 to select connecting ends ? whi ch t he upper signal |

and 106 and the lower signal lines 10

nal s each of which is generated by the analog switch co
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the upper signal lines 105 and 106 of the touch panel 502
via the analog switch 505 (505a to 505d). Note that, in
Embodiments 1 and 2, the cancel signal line is connected
merely to the lower signal lines 107 and 108 via the
analog switch. In the present embodiment, the cancel
signal line can be connected also to the upper signal lines
105 and 106.

In the display system 500 according to the present
embodiment, the analog switch control circuit 509 is
connected to the analog switches 505a to 505d, so that it
is possible to apply the noise cancel signal to the touch
panel 502 in accordance with a condition under Which the
telephone function or the sound collecting function added
to the system is used.

The analog switch control signal line 509 is a signal
line for sending, to the analog switches 505a to 505d,
control signals each of which is generated by the analog
switch control circuit 506 to select connecting ends to
which the upper signal lines 105 and 106 and the lower

signal lines 107 and 108 should be connected.
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105 to 108 by the anal og switches 505a to 505d in case where the tel ephone
function or the sound collecting function is not used. Note that, Fig. 5

does not illustrate the upper electrode 101 and the | ower el ectrode 102,
but the upper electrode 101 and the |ower electrode 102 are respectively
connected to the upper signal lines 105 and 106 or the |ower signal |ines

107 and 108 and exist in the touch panel502. Next, how the display system

500 operates is described as fO||OWSn¥\%th reference to a timng chart -53
illustrated in Fig. 6. Fig. 6 is a tinrfig chart indicative of pulse

wavefornms of vari eusckidydsheflosheralignaCENe’d 107 aldte b §Pd Ayp s¥sdem 500.
The various kinds of signals received in the display system 500 are
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Further, each of the upper signal lines 105 and 106
disposed on the touch panel 502 is a signal line
connected to the upper electrode 101 disposed above the
lower electrode 102 (further from the liquid crystal panel
521).

Each of the touch panel controller signal lines 516
to 519 is a signal line connected to the touch panel
controller 503. The touch panel signal lines 516 to 519
are respectively connected to the touch panel signal lines
105 to 108 by the analog switches 505a to 505d in case
where the telephone function or the sound collecting
function is not used.

Note that, Fig. 5 does not illustrate the upper
electrode 101 and the lower electrode 102, but the upper
electrode 101 and the lower electrode 102 are respectively
connected to the upper signal lines 105 and 106 or the
lower signal lines 107 and 108 and exist in the touch
panel 502.

Next, how the display system 500 operates is

described as follows with reference to a timing chart



irrelevant to the driving signal used to carry out display. In Fig. 6, VCOM
of (b)-1 is indicative of a waveform of a common el ectrode driving signha
outputted froma comon signal generation circuit 710 of Fig. 7 and
applied to the common el ectrode 709. As illustrated in Fig. 6, the common
el ectrode driving signal is a signal whose polarity is inverted at each
hori zontal period and each vertical period. In Fig. 6, VCOMA of (b)-2 is
indicative of a waveformof the noisesgancel signal outputted fromthe
cancel signal generation circuit 504. ?n the present -54 enbodinment, the
wavef orm of iMG@¥ratbdsin Phaseé.aRtk. anianpltiinite WH Lt andieqtidle Wt h a
phase and an anplitude indicated by the waveform of the comobn el ectrode
driving si gpaklséCQvhvéhetms pft RapaseMindvehtdigmalsheesegnell ia not
limted to the coomon electrode driving signal, but it is possible to

equal i ze theneph@nghRRA hst&mPl 5bode Tie VM MY tibifd Phdse s3PA A8
anplitude of other lTiquid crystal driving signal. For exanple, it i
preferabl ¢ tagkifbe fior eEHé“Qii%EFJJ 3 fidhn Coppt Ardliddngiseanals

i nfluences electric charge existin et ween the touch panel and the liquid
crystal panqbnog§s in the present enbodinent, in case where a TFT is

di sposed on a glass substrate of two gl ass substrates constituting the

liquid crystal pa?gl P .16Wia(fr51%§‘§1$ates a condition under which the

telephone function and/or the sound collecting function

S

are used in the display system 500. In (a) of Fig. 6, a
condition under which the foregoing functions are used
(“used” in Fig. 6) is indicated by “High” and a condition
under which the foregoing functions are not wused
(“unused” in Fig. 6) is indicated by “Low”. Note that, the
signal merely indicates the condition under which the
foregoing functions are used/unused, and the signal is
irrelevant to the driving signal used to carry out display.

In Fig. 6, VCOM of (b)-1 is indicative of a waveform
of a common electrode driving signal outputted from a
common signal generation circuit 710 of Fig. 7 and
applied to the common electrode 709. As illustrated in Fig.
6, the common electrode driving signal is a signal whose
polarity is inverted at each horizontal period and each
vertical period.

In Fig. 6, VCOM_A of (b)-2 is indicative of a
waveform of the noise cancel signal outputted from the

cancel signal generation circuit 504. In the present
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d crystal driving signal outputted fromthe liquid crystal
ving section 522 and applied to a glass substrate of two gl ass
constituting the liquid crystal panel 321 which glass substrate
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gl ass substrate has a CF). In Fig. 6, SWcont of (d) is indicative of a
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functions are not used. In Fig. 6, T/P of (c) is indllacative of a waveform
ligdd o ikEcaltewerb gl atld odmdddand dthetwepeiomigehr ode 101

of a signal

of the touch panel 502. As illustrated in Fig. 6, in case where the
t el ephone fél@%ftf&ﬁearlﬂ#i‘?f'in%hesxﬁl‘ﬂ’a" d g OREL I TH G eNCHH O RS eg%%féritn the
di spl ay system 500, VCOM A signal serving as the noise cancel signal is
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| i nes 105 an

the touch panel 5
electrode driving signal, but it is possible to equalize the

phase and the amplitude of VCOM_A with a phase and an
amplitude of other liquid crystal driving signal. For
example, it is preferable that the foregoing other liquid
crystal driving signal influences electric charge existing
between the touch panel and the liquid crystal panel. As
in the present embodiment, in case where a TFT is
disposed on a glass substrate of two glass substrates
constituting the liquid crystal panel 521 which glass
substrate is positioned further from the touch panel 502,
it is possible to use a liquid crystal driving signal
outputted from the liquid crystal display driving section
522 and applied to a glass substrate of two glass
substrates constituting the liquid crystal panel 521 which
glass substrate is positioned closer to the touch panel
502 (in the present embodiment, the glass substrate has a
CF).

In Fig. 6, SW_cont of (d) is indicative of a pulse
waveform of a signal outputted from the analog switch

control circuit 506 and applied to the analog switch

reby reducing the



audi bl e noise in the touch panel 502. While, in case where the tel ephone
function and/or the sound collecting function are not used in the display

system 500, the | ower signal lines 107 and 108 and the upper signal |ines
105 and 106 (not shown) are respectively connected to the touch panel
controller signal lines 516 to 519, thereby detecting a position via which

information is inputted to the touch panel 502 with a pen. As descri bed
above, in case where the tel ephone fungtion or the sound collecting
function is used in the display system 500 according to the present
enbodi ment , corarobhe sighsé dameelSGD gnBbri £xapplpled SOVt benttoucdupasel 502.
Therefore, it is possible to suppress occurrence of audible noise while

tal king on gheeaanen blfies ebipr@ki‘U@w?t i@asiaeve vilhehearhé heele ¢voice) of
the speaker. Further, it is possible to prevent occurrence of audi ble noise

caused by Rah%Ri®h bRRI1JEHCIh@agelind &sllketin ofREtibn NRF& Hlal, i n
Enbodinents | to 3, the touch panel input device was described as an
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invention i1s not I'lmted to this. In the present” I nvention, exanples of
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lower electrode 102 and the upper electrode 101 of the

touch panel 502.

As illustrated in Fig. 6, in case where the telephone
function and/or the sound collecting function are used in
the display system 500, VCOM_A signal serving as the
noise cancel signal is inputted to each of the lower signal
lines 107 and 108 and the upper signal lines 105 and 106
(not shown) of the touch panel 502, thereby reducing the
audible noise in the touch panel 502. While, in case
where the telephone function and/or the sound collecting
function are not used in the display system 500, the lower
signal lines 107 and 108 and the upper signal lines 105
and 106 (not shown) are respectively connected to the
touch panel controller signal lines 516 to 519, thereby
detecting a position via which information is inputted to
the touch panel 502 with a pen.

As described above, in case where the telephone

function or the sound collecting function is used in the

display system 500 according to the present embodiment,



The enbodi nents and concrete exanples of inplenmentation discussed in the
foregoing detailed explanation serve solely to illustrate the technica
details of the present invention, which should not be narrowy interpreted
within the limts of such enbodi ments and concrete exanples, but rather may
be applied in many variations within the spirit of the present invention,
provi ded such variations do not exceed the scope of the patent clains set
forth bel ow. | NDUSTRIAL APPLI CABILITY =57 The present invention is such
that: in a display systemsuch as a touch- panel- integrated display device

arranged sothkahoasei dphtellaMigtalang appsliisd ay tdeyiter: ¢t epaheliegoated to
each other, it is possible to reduce vibration, audible noise, and the

l'i ke, whichTaf&reFarecdtlay peissebl tot B pPrdiNo cEiERIY € ofl AudigBet opi Ny
such a display system the present invéention can be effectively used to

further enhanaeeCoREDi@ILen8'Inoase REED ARl mlRlay: Susiem - 58

CLAI M5 1. i splay system “which i ncludes a display device and a device

00009, LSRR Gholdle SR oerkee, and-bautTaose o oo
possible to prevent occurrence of audible noise caused by
noise of the touch panel in collecting sound.

Note that, in Embodiments 1 to 3, the touch panel
input device was described as an example of the device
having conductive thin plates, but the present invention
is not limited to this. In the present invention, examples
of the device having conductive thin plates include not
only the touch panel input device but also an LCD module
having an optical sheet or the like provided on a display
panel of a liquid crystal display device.

The embodiments and concrete examples of
implementation discussed in the foregoing detailed
explanation serve solely to illustrate the technical details
of the present invention, which should not be narrowly
interpreted within the limits of such embodiments and
concrete examples, but rather may be applied in many
variations within the spirit of the present invention,
provided such variations do not exceed the scope of the

patent claims set forth below.

INDUSTRIAL APPLICABILITY



a display device driving section for driving the display device; and a
signal application section for applying, to the device having one or nore
conductive thin plates, a noise cancel signal whose anplitude and phase are
equal with an anplitude and a phase of a driving signal applied from the
di spl ay device driving section to the display device. 2. The display system
as set forth in claiml, wherein the device having one or nore conductive
thin plates includes two conductive thin plates overlapping each other,
and the noi se cancel signal is applie 0 at least a conductive thin plate
of the two conducthee prédendl i eenMushis Sspicdyi degtcligses Hespheydi spl ay
section of the display device. 3. The display systemas set forth in claim
1, whereingiheecdevigenhhaid ng Pé'ﬁc?lr—pfmi@l-@ﬁ!ﬁé'%f:été/& Hhtplap9dehaces is an
i nput device for detecting a position via whic information is inputted

from out si dgrrdnoloe o&f $Hh#YVa YR SiitAGePRle AN, | digHialydbvicehgrei n the

i nput device has two conductive t I over | appi'ng“each other, and the

noi se canceln p@filed So @RPH' 6BhER, B 1LeB5Ls ORI UTdNE Wik tighe of the

audible noise, and the like, which are caused by noise of
the system. Therefore, in developing such a display
system, the present invention can be effectively used to

further enhance convenience and easiness to use the

display system.



conductive thin plates which is provided closer to the display section of
the display device. 5. The display systemas set forth in claim3, wherein
the input device includes: an input device control section to which a
detection signal for detecting a position via which information is
inputted fromoutside to the conductive thin plate; and a signal swtching
section for selecting either the noise cancel signal or the detection
signal so as to input the selected si aI to the conductive thin plate. 6.
The display systemas set forth in claim5, wherein the signal switching
section sw ghgpmthe noi se cancel signal to the detection signal or
swtches the detection signal to the noise cancel signal in accordance

wi th whether or nqt ARk §§s't§ni NRHicedihEpryeudt 81 g8 ﬁﬂ@@y Hevibe
conductive thin plate. 7. The display systemas set fort n claimb5,
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5. wherein the Yﬁsé?aa%&pa@f aopret RaBi R S onversion O
a display device driving section for driving the
display device; and
a signal application section for applying, to the
device having one or more conductive thin plates, a noise
cancel signal whose amplitude and phase are equal with

an amplitude and a phase of a driving signal applied from

the display device driving section to the display device.

2. The display system as set forth in claim 1,
wherein

the device having one or more conductive thin
plates includes two conductive thin plates overlapping
each other, and the noise cancel signal is applied to at
least a conductive thin plate of the two conductive thin
plates which is provided closer to the display section of

the display device.

3. The display system as set forth in claim 1,
wherein

the device having one or more conductive thin



circuit for converting an anplitude of the noise cancel signal before

i nputting the noise cancel signal to the 1input device control section. 9.
The display systemas set forth in any one of <clains 1 through 8, wherein:
the display section of the display device is a liquid crystal panel which
has two substrates and liquid crystal provided between the two substrates,
and the noi se cancel signal has an anplitude and a phase equal with an
anplitude and a phase of a driving siggal which influences electric charge
exi sting between the liquid crystal panel and the conductive thin plate.

-61 10. The gliagpkais aysiepuasdéeeicd 96t étetivigoaepobitiehav s whidkough 8,
wherein: in case where the display section of the display device is a

l'iquid crystalfopaneliowhi€ inpas teworsosbiakege. and liquid crystal provided
bet ween the two substrates "and in case where a thin filmtransistor is

provided on a substrate of the two substrates which is positioned further
fromthe conductive thin plate, the noise cancel signal has an anplitude and

a phase equal witjh 1! h a iR i | ;applied to
2 stbarrate of tha tanSBiePIE, Y a7 Skt 1SR B TRRE ohe
conducti ve twh}ilg:lr {ﬁat es.
the input device has two conductive thin films
overlapping each other, and the noise cancel signal is
applied to at least a conductive thin plate of the two

conductive thin plates which is provided closer to the

display section of the display device.

5. The display system as set forth in claim 3,
wherein the input device includes:

an input device control section to which a detection
signal for detecting a position via which information is
inputted from outside to the conductive thin plate; and

a signal switching section for selecting either the
noise cancel signal or the detection signal so as to input

the selected signal to the conductive thin plate.

6. The display system as set forth in claim 5,
wherein the signal switching section switches the noise
cancel signal to the detection signal or switches the
detection signal to the noise cancel signal in accordance

with whether or not information is inputted from outside
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to the conductive thin plate.

7. The display system as set forth in claim 5,
wherein: in case where the display system is provided on
a device having a telephone function and/or a sound
collecting function, the signal switching section selects
the noise cancel signal in using the telephone function
and/or the sound collecting function so as to input the

noise cancel signal to the conductive thin plate.

8. The display system, as set forth in claim 5,
wherein the input device further includes a conversion
circuit for converting an amplitude of the noise cancel
signal before inputting the noise cancel signal to the

input device control section.

9. The display system as set forth in any one of
claims 1 through 8, wherein:

the display section of the display device is a liquid
crystal panel which has two substrates and liquid crystal
provided between the two substrates, and

the noise cancel signal has an amplitude and a
phase equal with an amplitude and a phase of a driving
signal which influences electric charge existing between

the liguid crystal panel and the conductive thin plate.
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10. The display system as set forth in any one of
claims 1 through 8, wherein:

in case where the display section of the display
device is a liquid crystal panel which has two substrates
and liquid crystal provided between the two substrates
and in case where a thin film transistor is provided on a
substrate of the two substrates which is positioned
further from the conductive thin plate,

the noise cancel signal has an amplitude and a
phase equal with an amplitude and a phase of a driving
signal applied to a substrate of the two substrates which

is positioned closer to the conductive thin plates.





