DESCRIPTION TITLE OF INVENTION: CAPACITIVE TOUCH PANEL AND DISPLAY DEVICE WITH
TOUCH DETECTION FUNCTION TECHNICAL FIELD [0001] The present invention relates to a touch
panel capable of information input by contact or proximity of a user's finger or the like, in particular, to
a capacitive touch panel detecting a touch based on a change of an electrostatic capacitance, and a
display device with an electrostatic capacitance type touch detection function. BACKGROUND ART
[0002] In recent years, a display device capable of information input by mounting a contact detection
device, which is a so-called touch panel, on égﬁ)gq xice such as a liquid crystal display device,
and displaying various button images on the display device instead of typical mechanical buttons has
attracted attention. There are several methods of the touch panel, such as an optical method and a
resistance method, and a capacitive touch panel capable of realizing low consumption power while

having a refatiyalycsimpie stqugtyre hasmheempxpertedci partigilap imamyeytable teypvnator the like.

However, in the capacitive touch panel, a human body functions as an antenna to a noise (hereinafter,
referred to ag BLdistioan cH:=NoISa Ot Ma inverter fluorescent lamp, an AM wave, an AC power

source, or the like, and there is a possibility that malfunction is caused by propagation of the noise to
the touch panel. [0003] This malfunction is caused by that a signal (hereinafter, referred to as a touch
signal) related to presence or absence of a touch generated by a user's finger or the like

TECHNICAL FIELD

[0001} The present invention relates to a touch panel capable of information input by

contact or proximity of a user’s finger or the like, in particular, to a capacitive touch

panel detecting a touch based on a change of an electrostatic capacitance, and a display

device with an electrostatic capacitance type touch detection function,

BACKGROUND ART

[0002] In recent years, a display device capable of information input by mounting a
contact detection device, which is a so-called touch panel, on a display device such as a
liguid erystal display device, and displaying various button images on the display device
instead of typical mechanical buttons has atiracted attention. There are several
methods of the touch panel, such as an optical method and a resistance method, and a
capacitive touch panel capable of realizing low consumption power while having a
relatively-stmple structure has been expected, in particular, in a portable terminal or the
like. However, in the capacitive touch panel, a human body functions as an antenna to
a noise (hereinafter, referred to as a disturbance-noise) due to an inverter fluorescent
lamp, an AM wave, an AC power source, or the like, and there is a possibility that
malfunction is caused by propagation of the noise to the touch panel.

[6003] This malfunction is caused by that a signal (hereinafter, referred to as a touch

signal} related to presence or absence of a touch generated by a user’s finger or the like



2 in contact with or in proximity to the touch panel, and the disturbance-noise are not distinguishable.
Thus, for example, in Patent Document 1, when the touch signal synchronized with a signal
(hereinafter, a drive signal) driving the capacitive touch panel is detected, a detection method in which
conditions not influenced by the disturbance-noise are selected by using a plurality of drive signals at
different frequencies has been proposed. Citation list Patent Document [0004] Patent Document 1: U.
S. Patent Publication No. 2007/0257890 SUMMARY OF THE INVENTION [0005] However, in the

dri thod t tecti t itjy di in: tl
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the conditiopg;agtinflugncedihy, the dislirhanceineizs:: tsteuls aPassipilly Eﬁ@tglsdalfeﬁ%me for
selecting the conditions. In other words, there is a possibility that detection time is long. Further, since
the drive signais-ahihe RisRlty o flequenciasalepieRaredmndasriminatiopdatswitsting those
frequencies or the like is necessary, there is a possibility that the circuit structure is complicated and
large. panel is detected, a detection method in which conditions not influenced by the

disturbance-noise are selected by using a plurality of drive signals at different
frequencies has been proposed.
Citation list

Patent Document

[0004] Patent Document 1:  U. S. Patent Publication No. 2007/6257890

SUMMARY OF THE INVENTION

[0005] However, in the drive method and the detection method of the capacitive touch
panel disclosed in Patent Document 1 described above, since it i1s necessary to
sequentially switch frequencies of the drive signals to select the conditions not
influenced by the disturbance-noise, there is a possibility that it takes time for selecting
the conditions. In other words, there is a possibility that detection time is long.
Further, since the drive signals at the plurality of frequencies are prepared, and
determination for switching those frequencies or the like is necessary, there is a
possibility that the circuit structure is complicated and large.

[0006] In view of the foregoing issues, it is an object of the present invention to
provide a capacitive touch panel capable of reducing influence of a disturbance-noise
with a relatively-simple circuit structure, and reducing time necessary for touch
detection, and a display device with a touch detection function.

[0007] A capacitive touch panel according to an embodiment of the present invention

includes: a plurality of drive electrodes; a plurality of touch detection electrodes; a first



[00061 In view of the foregoing issues, it is an object of the present invention to provide a capacitive
touch panel capable of reducing influence of a distlslrbance-noise with a relatively-simple circuit
structure, and reducing time necessary for touch detection, and a display device with a touch detection
function. [0007] A capacitive touch panel according to an embodiment of the present invention
includes: a plurality of drive electrodes; a plurality of touch detection electrodes; a first 3 sampling
circuit and a second sampling circuit; a filter circuit; and a computation circuit. Here, the plurality of
drive electrodes and ihe plurallty ot fouch detection, lectades are Aianged g, nigrsegt.sach other so
that an elecfrostatic capacﬁrénce iSTormedat &ach o’ft’lntersec lons,’and a detection signal

synehronizeg wiihe AR NARRPIRGHE BN RIRANOW IBRUIBULIAM eReR dgueh detection

electrode. The first sampling circuit extracts a first series of sampling signal from the detection signal
output from,gagh-afthe fouch @Q&ﬁ(&i{ﬁ&%@ﬂﬁ%@%%lﬁ%ﬁﬁk@&i%%%ﬁ&faﬁ%%'W%'émﬂtﬁing a signall

component with first level and including a noise component, and the second sampling circuit extracts a

second serjgeRbsamplingsigasidiem thehetestionssigeal wutputdram aashi aiifietotchadatection
electrodes, the second series of sampling signal including a signal component with second level

different fratritbecfirsirieelandihe ificlkudiagia noide denpionesicfhd:filtertarduit isanphvnpass filter
performing a high range cut process which allows a band higher than or equal to a predetermined
frequency tarseitekfraets thdifitssans sécontbegesgnhsamplitly sigralsyiThewdmpiptationneircuit
determines a signal for touch detection based on an output of the filter circuit. [0008] A display device
with a touchagbtettibh fonchicktaccordiing o &s-cib dainwmicsf hegmebost sehtioalidenddes: the
capacitive touch panel according to the embodiment of the present invention. In this case, the drive
signal for téiERetERRRRETE cHitidiredeschiaads R HEsn HARIS SURRNEG HritedsiGRaIeF0009] In the

capacitive touch panel and the display device with the touych detection function according to the
embodimer Y e Cdrggusﬁﬁﬁmﬁﬁoﬁ%cgwﬁr@%éﬂ%ﬂaﬁh%ﬁjﬁ%ﬁlhﬁﬁ%ﬁ%ﬁﬁfﬁ@&%ﬂeﬁ%rm

according to an electrostatic f;t?é%acnag%e between the drive electrode and t tou?h detectjon

electrode isogm%t 28 Fehe G u§ign8f r%(ﬁ%lt?lgct%%c v detection elstird é?ﬁr%%%%rs Yization with

the drive Si%%?l'ﬁi%%”&? %i%g%al component with second level different from the first level and the
including a noise component,. The filter circuit is a low pass filter performing a high
range cut process which allows a band higher than or equal to a predetermined
frequency to be cut from the first and second series of sampling signals. The
computation circuit determines a signal for touch detection based on an output of the
filter circuit.
[0008] A display device with a touch detection function according to an embodiment
of the present invention includes: the capacitive touch panel according to the
embodiment of the present invention. In this case, the drive signal for touch detection
is configured to also serve as a part of a display drive signal.
[0009] In the capacitive touch panel and the display device with the touch detection
function according to the embodiments of the present invention, a polarity-alternating
signal with an amplitude waveform according to an electrostatic capacitance between
the drive electrode and the touch detection electrode is output as the detection signal

from the touch detection electrode in synchronization with the drive signal applied to



4 the drive electrode. At this time, if there is an external adjacent object such as a finger, the
electrostatic capacitance between the drive electro%e and the touch detection electrode, in a portion
corresponding to this object, is changed, and that change (touch component) appears in the detection
signal. At that time, a disturbance-noise is also propagated to the touch panel through a human body,
and the noise component appears in the touch detection electrode and is superimposed on the
detection signal. This detection signal is sampled in each of the first sampling circuit and the second

sampling circuit,and e, fit seyies of sampling signal and e secand series ofisampling.signal are
determined. fn Thes& Sampling ‘signals, a frequency bard is limited to be 1 a low range by the filter

cicuit, and e 00ise SOMPAEILNElUdeE e freayeney:handds reauegd. [ possile do determine

the signal for touch detection by performing a predetermined calculation in the computation circuit by

using the ot AEING HligkGlcWl-Easalgng! iPrHRuadetection sy sadhiardeipriag Rigsence or

absence, and a position of the external adjacent object. [00101 Inthe capacitive touch panel according

to the embegdimpatef) thepresantieveatiandt is:passible te.deatarming ihetsianahiosdqyandetection by
calculating a difference between the first series of sampling signal and the second series of sampling

signal. In thiopaggcane Ok hothiopamphasenghthafirsisergs ehsamplirigesignalamadiamhase of the
second series of sampling signal are adjusted to coincide both the phases to each other, the first
series of samglingosignaleandithectetand sades chipamptingesignativeiwgeptocespad by Thesfilter circuit,
and a difference between the two sampling signals is preferably determined. [0011] As the drive
signal, it is pasesiisie stwoald wseigplatiithagpefiduidiyhsetoiminsigdingnd Sectiorvat aafirptiveltage and a
section of a second voltage different from the first voltage. In this case, a samplin?. period in the first
sampling ctaitils @guietdizgt series of sampling signal and the second series of sampling signal

are determined. In these sampling signals, a frequency band 1s limited to be in a low
range by the filter circuit, and the noise component included in the frequency band is
reduced. [t is possible to determine the signal for touch detection by performing a
predetermined calculation in the computation circuit by using the output of the filter
circuit.  The signal for touch detection is used for detecting presence or abseince, and a
position of the external adjacent object.

[0010] In the capacitive touch panel according to the embodiment of the present
invention, it is possible to determine the signal for touch detection by calculating a
difference between the first series of sampling signal and the second series of sampling
signal. In this case, one or both of a phase of the first series of sampling signal and a
phase of the second series of sampling signal are adjusted to comncide both the phases to
cach other, the first series of sampling signal and the second series of sampling signal
being processed by the filter circuit, and a difference between the two sampling signals
is preferably determined.

[0011] As the drive signal, it 1s possible to use a signal with a periodic waveform
including a section of a first voltage and a section of a second voltage different from the

first voltage. In this case, a sampling period in the first sampling circuit is equal to a



5 sampling period in the second sampling circuit, and a sampling timing in the first sampling circuit is
preferably shifted from a sampling timing in the secbond sampling circuit by half period. This is able to
be realized by slightly shifting a duty ratio of the drive signal from 50%. As a specific example of a
sampling method in this case, for example, there is a method that the detection signal is sampled by
the first sampling circuit, at a plurality of timings which are located before and after one of voltage
change points in the drive signal and are adjacent to one another, and the detection signal is sampled

by the second sam Iin% c&rcuitlin a Q'Ugﬂ”tg’ ofitimingrs e}{jjac%nt to eacfh otper.imme%atef% ?efore an
other voltaé%méﬁén cf’)o(i)nt 1A e éﬁv%ns'igsng}.jﬂ%hfs fime, the first'Serids olfnélélr%d“ﬁng %ig‘n%’\ from the

first li lgeuit | -signal t with first level and.th | t.
Mioanhic ThL LLROH Sared o7 A S RGBS Dl (R e LRGSR e second

level of the slgnalOMBINEINIS ZeA% IRvalicTasetars: By G?'Q?éﬁﬂ?%ﬁﬁ%x fesencrRsag the both,

the noise componeént is canceled, and the signal component with first level is extracted. [0012] As
another spegific gxamnieafshe;sampling,mathad. bl%xéif%oéﬁn}%’&%g lsanmethodias il g described
next. A signal with a periodic waveform including a section of a first polarity-alternating waveform with
a first ampligudep Rndharseictivmefidsecandpdasdtyaiternating wavskalbywite fsecanthamplitude
different from the first amplitude is used as the drive signal, the detection signal is sampled by the first
sampling citouititadten plurality of timeings winidhaed dosatbbclbetonadadcafier alpaliridy rhaersion point in
the first polarity-alternating waveform and are adjacent to one another, and the detection signal is
sampled by theisérdhe danpliggadirnditarst adplorality eitnaimgbanhicd dre fistedBdrbeiore and after a
polarity inversion point in the second polarity-alternating waveform and are adjacent to one another. In
this case, ByrERIedI Rtirigarecaiferanca peaierh, theafipbtigbfesidiaiuprdipssghin sahthé%gecond 6
series of sampling signal, the noise component is canceled, and only the difference between the signal
component TR HRETE et g Hal 28 BRERPRIR: Kol SiRabxirat i (883 AIso, the

sampling method as will.be described below may be.used. A signal. with a peripdic waveform including
= section of e 1A BOTAYANBIRtIRG NAVRTOHE e o SaBRHe oF 114 5B Poikie 4Rémmating

waveform, the first polarity-alternatin veform and the secqnd polarity-alternating wavefarm having
Phases ShHeR O bal e i S e SRl o Aot on Bior A e Srot by the frs

sampling Cgﬁﬁgﬁﬂaasigl{&ymﬁmﬁamgsm@ms@rsol&g%%@%I%m%ﬁ&angva ghypltage ghange

points in the first polarity-alternating waveform and are adjacent to one another, and the detection

. signal is sampled-bythe secerdisamplingeirguit. At aiaiveatity aftiningsuhichare naated.

immediately before one of voltage change points in the second polarity-alternating waveform and are

adjacent torpne ethesolRihis caseidy salaulatingdhedifferenceBetvagpthesfistaerdas of sampling
signal and the second series of sampling signal, the noise component is canceled, and only the

difference ljedwzenshaesiginal gewifioneniwik fiSthievenasiththensignd| torapaneht, wittesacand level is
extracted. [0014] According to the capacitive touch panel and the display device with the touch
detection functiod ascendiriy tdaiveieeibodimentt ofgiwd prabentioveditonawndiena cohtdutgpesition or an
adjacent position by the object is detected based on the detection signal determined by the touch
detection efeetioitlelzxsrtivtia drangaertnscsisatrosiatdicdpaentngs; i firsteeresf f sampling
signal including the signal companent with first level and the noise component, and the second series
of sampling<SigRANARTHIFI R i AEMPBnaHFitiFseRb A Riar iffdFerst i sidifevel and

the noise component are extracted, and the toych detection is perfcirmed ba e(gl on these sampling
amplitude is used as the drive signal, the detection signal is sampled by the first

sampling circuit, at a plurality of timings which are located before and after a polarity
inversion point in the first polarity-alternating waveform and are adjacent to one another,
and the detection signal is sampled by the second sampling circuit, at a plurality of
timings which are located before and after a polarity inversion point in the second
polarity-alternating waveform and are adjacent to one another. In this case, by

calculating the difference between the first series of sampling signal and the second



7 signals. Thus, the circuit structure is simplified, and it is possible to shorten the time necessary for
the touch detection. Further, the filter circuit is intrqduced in the subsequent stage of the sampling
circuit, so the computation circuit in the subsequent stage of the filter circuit is simplified more, and it is
possible to reliably perform the touch detection with a smaller circuit structure. BRIEF DESCRIPTION
OF DRAWINGS [0015] [FIG. 1] FIG. 1 is a view for explaining a basic principle of a touch detection
method in a capacitive touch panel according to the present invention, and a view illustrating the state

where a finger is in cont ctyvjstlh or, in,proximity. to the touch panel. [FIG..2] EIG,,2 iS.a-view for
explining Te0atlc BT PR hL o e e S rcing to
the present,inventiap. and,a visiiistiating thestatewhare.he fngeris Aatdn coRrAcLith or not in

proximity to the touch panel. [FIG 3] FIG. 3Is a view for explaining the basic principle of the touch
detection msthod iR thscapacitive touch panel according to the present invention, and a view
illustrating an example of waveforms of a drive signal and a detection signal. [FIG. 4] FIG. 4 is a block

diagram illystyading/asiructusah sxamplarelithe wapasitive inehpRAEhASCBEAIRENO asfiiingmbodiment

of the present invention. [FIG. 5] FIG. 5 is a perspective view illustrating a structural example of a

touch sensattillusteatediinfaldfodm including a section of the first polarity-alternating waveform,
and a section of the second polarity-alternating waveform, the first polarity-alternating
waveform and the second polarity-alternating waveform having phases shifted from
cach other, is used as the drive signal, the detection signal is sampled by the first
sampling circuit, at a plurality of timings which are located before and after one of
voltage change points in the first polarity-alternating waveform and are adjacent to one
another, and the detection signal is sampled by the second sampling circuit, at a
plurality of timings which are located immediately before one of voltage change points
in the second polarity-alternating waveform and are adjacent to one other. In this case,
by calculating the difference between the first series of sampling signal and the second
series of sampling signal, the noise component is canceled, and only the difference
between the signal component with fist level and the signal component with second
level is extracted.
[0014] According to the capacitive touch panel and the display device with the touch
detection function according to the embodiment of the present invention, when a contact
position or an adjacent position by the object is detected based on the detection signal
determined by the touch detection electrode according to a change of the electrostatic
capacitance, the first series of sampling signal including the signal component with first
level and the noise component, and the second series of sampling signal including the

signal component with second level different from the first level and the noise

component are extracted, and the touch detection is performed based on these sampling



[FIG. 6] FIG. 6 is a timing diagram illustrating waveforms of the drive signal and the detection signal
illustrated in FIG. 4, and a sampling timing. [FIG. 7]7FIG. 7 is a block diagram illustrating a structural
example of an A/D conversion section, and a signal process section illustrated in FIG. 4. 8 [FIG. 8]
FIG. 8 is a block diagram illustrating a structural example of a phase difference detection circuit
illustrated in FIG. 7. [FIG. 9] FIG. 9 is a view illustrating an example of a timing in the state where there
is no disturbance-noise in the capacitive touch panel illustrated in FIG. 4. [FIG. 10] IG. 10 is a view

illustrating an example of g spectrum for explaining redyction of.the disturbance-noise by a digital LPF
és7pﬁl§f€, %("._ui%lﬁl tr.ucturg 15 sm}%pﬁ é!l, and R 18 rﬁgfsﬁa%al%? sﬁ(}r cn i’ﬁe t¥

. .S1F . i
illustrated iR £l iSaview rating an example imingin the's a%e where

there is a d{%@f}[ﬁ%@o{ﬁ@ 3 afreauensyclose indhree.imes.a.sampling: frequpagy i the capacitive

touch panel illustrated in FIG. 4.
subsequent stage of the sampling circuit, so the computation circuit in the subsequent

stage of the filter circuit is simplified more, and it is possible to reliably perform the

touch detection with a smaller circuit structure.

BRIEF DESCRIPTION OF DRAWINGS

[0015] [FIG 1} FIG. 1 is a view for explaining a basic principle of a touch detection
method in a capacitive touch panel according to the present mmvention, and a view
illustrating the state where a finger is in contact with or in proximity to the touch panel.
[FIG. 2] FIG. 2 is a view for explaining the basic principle of the touch detection
method in the capacitive touch panel according to the present invention, and a view
illustrating the state where the finger is not in contact with or not in proximity to the
touch panel.

[FIG. 3] FIG. 3 is a view for explaming the basic principle of the touch detection
method in the capacitive touch panel according to the present invention, and a view
illustrating an example of waveforms of a drive signal and a detection signal.

[FIG. 4] FIG 4 is a block diagram illustrating a structural example of the capacitive
touch panel according to a first embodiment of the present invention.

[FIG. 5] FIG. 5 is a perspective view illustrating a structural example of a touch sensor
illustrated in FIG. 4.

[FIG. 6] FIG. 6 is a timing diagram illustrating waveforms of the drive signal and the
detection signal illustrated in FIG. 4, and a sampling timing.

[FIG. 7] FIG. 7 is a block diagram illustrating a structural example of an A/D conversion

section, and a signal process section illustrated in FIG. 4.



[FIG. 12] FIG. 12 is a view illustrating an example of a timing in the state where there is the
disturbance-noise at a frequency close to twice thessampling frequency in the capacitive touch panel
illustrating in FIG. 4. [FIG. 13] FIG. 13 is a view illustrating an example of a timing in the state where
there are a touch component and a disturbance-noise in the capacitive touch panel illustrated in FIG.
4. [FIG. 14] FIG. 14 is a view illustrating an operational example of the capacitive touch panel
illustrated in FIG. 4. [FIG. 15] FIG. 15 is a block diagram illustrating a structural example of the

capacitive faychypatel gccorina . second, smbodiment of the present nvention, F1G, 161 FIG. 16

. .. l'ﬁ {w I}Fe .
IS a timing ample | lustra Ing operat ming In onversion section illustrated in

FIG. 15. [F@te%@lnlfgg%ﬂg@u%ﬁgéﬁ Mﬁ&agng an example of a timing in the state where there are the

touch component an Isturbance-noise in the capacitive touch panel illustrated in FIG. 15. [FIG.

18] FIG. 1815@ Hining djagramdivairaiing the.creratianaexample iR the MR where there is

no disturbance-noise in the capacitive touch panel illustrated in FIG. 4.

[FIG. 10] 1G 10 is a view illustrating an example of a spectrum for explaining
reduction of the disturbance-noise by a digital LPF illustrated in FIG. 7.

[FIG. 11] FIG 11 1s a view illustrating an example of a timing in the state where there
is a disturbance-noise at a frequency close to three times a sampling frequency in the
capacitive touch panel illustrated in FIG. 4.

[FIG 12] FIG. 12 is a view illustrating an example of a timing in the state where there
is the disturbance-noise at a frequency close to twice the sampling frequency in the
capacitive touch panel illustrating in FIG. 4.

[FIG 13] FIG 13 is a view illustrating an example of a timing in the state where there
are a touch component and a disturbance-noise in the capacitive touch panel illustrated
in FIG. 4.

(FIG 14} FIG 14 is a view illustrating an operational example of the capacitive touch
panel illustrated in FIG. 4.

[FIG. 15] FIG 15 is a block diagram iliustrating a structural example of the capacitive
touch panel according to a second embodiment of the present invention.

[F1G. 16] FIG 16 is a timing chart example illustrating an operational timing in the
A/D conversion section tllustrated in FIG. 15.

[F1G 17] FIG 17 is a view illustrating an example of a timing in the state where there
are the touch component and the disturbance-noise in the capacitive touch panel
ilustrated in FIG. 15.

[FIG. 18] FIG. 18 1s a timing diagram illustrating the operational example in the A/D



9 conversion section according to a modification of the second embodiment of the present invention.
[FIG. 19] FIG. 19 is a view illustrating an example @f a timing in the state where there are the touch
component and the disturbance noise in the capacitive touch panel according to the modification of the
second embodiment of the present invention. [FIG. 20] FIG. 20 is a block diagram illustrating a
structural example of a display device with a touch detection function according to a third embodiment
of the present invention. [FIG. 21] FIG. 21 is a cross-sectional view illustrating a schematic

cross-sectional structure of a diSP(!{%Y sectior(l)%{%ggtated H FIG. ZO&1 [EFI%) g%l FIG..22 IS a structural
I

example illﬁgf}‘é?fﬁlg()% Sﬁ% i uctire s %ﬁilﬁiu crysltoarl 8IS%F8.§/® Vice ings ra?é}a (frf; F@r?f}ltFlG. 23]

FIG. 23 is a,G1os is(;Islectional view illustrating a schematic cross-sectional structure of the display

section according to a modification of the third embodiment. [FIG. 24] FIG. 24 is a timing diagram

lllustrating m@f@m@@h@ ﬁ’gié(%i%igrmh%&ﬁ!gaqeé%ﬂ?& signalnanRgd A samelingsiming,gecording to a

modification of the Tfirst embodiment. [FIG. 25] FIG. 25 illustrates an appearance structure of an

application g¥amplesddn hepishiay deyicrowithihsflectiasiatic carasipnsawypedenchggtection
function to which each of the embodiments is applied, (A) is an appearance view as viewed from a

front side, aneo(Binis @ prrarciivendewiitiusteriing anlappearnceagmemethiramaurear side. [FIG.
26] FIG. 26 illustrates an appearance structure of an application example 2, (A) is a perspective view
illustrating aRlGppéararice as vewddbironithesfroftsideiand @usaperspepliveiewiihisirating an
appearance as viewed from he rear side.

device with a touch detection function according to a third embodiment of the present

invention.

[FIG. 21] FIG. 21 is a cross-sectional view illustrating a schematic cross-sectional

structure of a display section illustrated in FIG. 20.

[FIG. 22] FIG. 22 is a structural example illustrating a pixel structure of a liquid

crystal display device illustrated in FIG. 21.

[FIG. 23] FIG. 23 is a cross-sectional view illustrating a schematic cross-sectional

structure of the display section according to a modification of the third embodiment.

[FIG. 24] FIG 24 is a timing diagram illustrating waveforms of the drive signal and

the detection signal, and a sampling timing according to a modification of the first

embodiment.

[FIG. 25] FIG 25 illustrates an appearance structure of an application example 1 in the

display device with the electrostatic capacitance type touch detection function to which

each of the embodiments is applied, (A) is an appearance view as viewed from a front

side, and (B) is a perspective view illustrating an appearance as viewed from a rear side.

[FIG. 26] FIG 26 illustrates an appearance structure of an application example 2, (A)

is a perspective view illustrating an appearance as viewed from the front side, and (B) is

a perspective view illustrating an appearance as viewed from the rear side.

[FIG. 27} FIG. 27 is a perspective view illustrating an appearance structure of an



[FIG. 27] FIG. 27 is a perspective view illustrating an appearance structure of an 10 application
example 3. [FIG. 28] FIG. 28 is a perspective view,ljustrating an appearance structure of an
application example 4. [FIG. 29] FIG. 29 illustrates an appearance structure of an application example
5, (A) illustrates a front view in a unclosed state, (B) illustrates a side view thereof (C) is a front view in
a closed state, (D) is a left side view thereof, (E) is a right side view thereof, (F) is a top face view
thereof, and (G) is a bottom face view thereof DESCRIPTION OF EMBODIMENTS [0016] A
descriptionawill.b%ggreigr%ft?ergiven in detail of an embodiment of the invention with reference to the
drawings. Irpgdaftlon,etﬁe (‘Pescr'iption will be given in the following order.

[FIG. 28] FIG 28 is a perspective view illustrating an appearance structure of an
application example 4.

[FIG 29] FIG 29 illustrates an appearance structure of an application example 5, (A)
illustrates a front view in a unclosed state, (B) illustrates a side view thereof, (C) 15 a
front view in a closed state, (D) is a left side view thereof, (E) is a right side view

thereof, (F) is a top face view thereof, and (G) is a bottom face view thereof.

DESCRIPTION OF EMBODIMENTS
[0016] A description will be hereinafter given in detail of an embodiment of the
invention with reference to the drawings. In addition, the description will be given m
the following order.
1. Basic principle of electrostatic capacitance type touch detection
2. First embodiment
3. Second embodiment
4. Third embodiment
5. Application examples
[0017] <1. Basic principle of electrostatic capacitance type touch detection>

First, with reference to FIGs. 1 to 3, a basic principle of a touch detection method in a
capacitive touch panel of the present invention will be described. For example, as
illustrated in FIG. 1(A), in this touch detection method, a capacitance element is
constituted by using a pair of electrodes (a drive electrode E1 and a detection electrode
E2) arranged to face each other with a dielectric body D in between. This structure is
expressed as an equivalent circuit illustrated in FIG. 1{B). A capacitance element C1 1s

constituted of the drive electrode E1, the detection electrode E2. and the dielectric body



|. Basic principle of electrostatic capacitance type touch detection 2. First embodiment 3. Second
embodiment 4. Third embodiment 5. Application eﬁ\mples [0017] CI. Basic principle of electrostatic
capacitance type touch detection> First, with reference to FIGs. 1 to 3, a basic principle of a touch
detection method in a capacitive touch panel of the present invention will be described. For example,
as illustrated in FIG. 1(A), in this touch detection method, a capacitance element is constituted by
using a pair of electrodes (a drive electrode El and a detection electrode E2) arranged to face each

other with g,dielcciic, body B betwesn- This stiupturs s expresead s an equivalent cirout
illustrated in FIG. ﬁ%}j R capacitance e erment CT1s constituted of the drive electrode Tq:q the detection

electrode E(%ri@@"&@&?@&%%@? g,o%d another end P is grounded through a resister R, and

connected to a voltage detector (detection circuit) DET.  When an alternating
rectangular wave Sg (FIG. 3(B)) at a predetermined frequency (for example, several
kHz to several tens of klHz) is applied from the alternating signal source S to the drive
electrode E1 (one end of the capacitance element C1), an output waveform (a detection
signal Vdet) as illustrated in FIG. 3(A) appears in the detection electrode E2 (the other
end P of the capacitance element C1). In addition, this alternating rectangular wave Sg
corresponds to a drive signal Vcom, which will be described later.

[0018] In the state where a finger is not in contact with (or not in proximity to) the
touch panel, as illustrated in FIG. 1, a current 10 corresponding to a capacitance value of
the capacitance element C1 flows with charge/discharge to the capacitance element C1.
A potential waveform of the other end P of the capacitance element C1 at this time is,
for example, like a waveform VO of FIG 3(A), and this is detected by the voltage
detector DET.

[0019] Meanwhile, in the state where the finger is in contact with (or in proximity to)
the touch panel, as illustrated in FIG. 2, a capacitance element C2 formed by the finger
is added in series to the capacitance element C1. In this state, currents 11 and 12 flow
with charge/discharge to the capacitance elements C1 and C2, respectively. The
potential waveform of the other end P of the capacitance element C1 at this tume 1s, for
example, like a waveform V1 of FIG 3(A), and this 1s detected by the voltage detector
DET. The potential of a point P at this time is a partial-voltage potential defined by
values of the currents 11 and 12 flowing through the capacitance elements C1 and C2.
Thus, the waveform V1 has a value smaller than that of the waveform VO in a

non-contact state. The voltage detector DET compares the detected voltage with a



11 D. In the capacitance element CI, one end is connected to an alternating signal source (drive signal
source) S. and another end P is grounded through.g resister R, and connected to a voltage detector
(detection circuit) DET. When an alternating rectangular wave Sg (FIG 3(B)) at a predetermined
frequency (for example, several kHz to several tens of kHz) is applied from the alternating signal
source S to the drive electrode EIl (one end of the capacitance clement Cl), an output waveform (a
detection signal Vdet) as illustrated in FIG. 3(A) appears in the detection electrode E2 (the other end P

of the capacitance element CQ.I agditio his alternating regctangular wave Sg corresponds to a drive
cignal VoI E et et Fer 015 Re i sto I rea Hrbe PR TR S ORtAet with (or
notin P“’X'Wﬂ%&ﬁta)e”fl%é%é%hv‘&ﬁ?gé 53 '%‘a’?%%a%%ﬂa;r%e'?'%a% RIS éﬂaoxﬁ%‘?{argépo ina.ee
capacitance value of the capacitance etement Cl flows with charge/discharge to the capacitance

element C |1,A pofgpualwayefosp piine et end K of the apaciianeg.elemant (el aLiisgme is, for
example, like a waveform VO of FIG. 3(A), and this is detected by the voltage detector DET. [0019]

Meanwhileifithe stadgwherathefingatisdiicomagt with (9fi inpreximitydal thg tuchipang!, as
illustrated in FIG. 2, a capacitance element C2 formed by the finger is added in series to the

capacitancg®gment Cl. In this state, currents Il and 12 flow with charge/discharge to the capacitance
elements Cl and C2, respectively. The potential waveform of the other end P of the capacitance
element Cl[@0tis tinde is;stamexatinpdatike a waveform VI of FIG. 3(A), and this is detected by the
voltage detector DET. The potential of a point P at this time is a partial-voltage potential defined by
values of thd ‘umréwte &4aandel 2 flowing through the capacitance elements Cl and C2. Thus, the
waveform V1 has a value smaller than that of the waveform VO in a non-contact state. The voltage
detector DETCh@HaParesctentietaetdld voltage with a 12 predetermined threshold voltage Vth, and
determines that it is_in the non-contact state when the detected voltage is equal to or larger than this

threshold voltHge* MBsHRAENS tHasisiplgadanient pearadisrmimedrars idlrecestitectette when

ihe detected volage I staler fhan the hreshald volige In i e e Qe deteeton '

Veom generation section 41, a demultiplexer 42, a touch sensor 43, a multiplexer 44, a
detecting section 45, a timing control section 46, and a resistance R.

[0021] The Vcom generation section 41 1s a circuit generating the drive signal Vcom
driving the touch sensor 43, Here, in the drive signal Vcom, its duty ratio is slightly
shifted from 50%, as will be described later.

F00221 When the drive signal Veom supplied from the Veom generation section 41 is
supplied to a plurality of drive electrodes of the touch sensor 43 one after another,
which will be described later, the demultiplexer 42 is a circuit switching its supply
destination.

[0023] The touch sensor 43 is a sensor detecting a touch based on the basic principle
of the electrostatic capacitance type touch detection described above.

[0024] FIG 5 illustrates a structural example of the touch sensor 43 in a perspective
state. The touch sensor 43 includes a plurality of drive electrodes 53, a drive electrode
driver 54 driving the drive electrodes 53, and a touch detection electrode 55.

{00251 The drive electrode 53 is divided into a plurality of stripe-shaped electrode



[Structural example] (Overall structural example) FIG. 4 illustrates a structural example of a capacitive
touch panel 40 according to a first embodiment ofﬁ‘ e present invention. The capacitive touch panel 40
includes a Vcom generation section 41, a demultiplexer 42, a touch sensor 43, a multiplexer 44, a
detecting section 45, a timing control section 46, and a resistance R. [0021] The Vcom generation
section 41 is a circuit generating the drive signal Vcom driving the touch sensor 43. Here, in the drive
signal Vcom, its duty ratio is slightly shifted from 50%, as will be described later. [0022] When the drive

signal Vcom supplied from the Vcom generation section 41 is supplied to.a plurality of.drive electrodes
of the toucﬁ%@f&ﬁ “onearer &R0 heur%?\}v %:?1%' & dedtribel eter %é)ekrj?ﬁ%% |8£<§PXE is a circuit
switching its s tination, [0023 0 sor 43 is, I ' based on
the basic pHrE DS e g s et e D B e E02a) . s
lllustrates arﬁg%ﬁvéaélgﬁéf”@&%ﬁf ib Ry SENSRMASINA REIRREEHVE: S'ate, ThEIRYAH SapSOr 43

includes a plurality of drive electrodes 53, a drive electrode driver 54 driving the drive €lectrodes 53,

and a touchy,detegtiepgieciiode 52 [0Q25] The iy alartiedennd isididdrd:inte-a; Pyt of

stripe-shaped electrode
performed. Meanwhile, the touch detection electrode 55 is constituted of a plurality of

stripe-shaped electrode patterns extending in a direction orthogonal to the extending
direction of the electrode patterns of the drive electrode 53. The electrode patterns
intersecting each other by the drive electrode 53 and the touch detection electrode 55
form an electrostatic capacitance in its intersecting portion. In FIG 3, electrostatic
capacitances C11 to Cln formed between an electrode focused by the touch detection
electrode 53, and each of the drive electrodes 531 to 53n are illustrated as an example of
the electrostatic capacitance.

[0026] The drive electrode 53 corresponds to the drive electrode E1 illustrated in FIGs.
1 and 2 as the basic principle of the electrostatic capacitance type touch detection.
Meanwhile, the touch detection electrode 55 corresponds to the detection electrode E2
itlustrated in FIGs. 1 and 2. Thereby, the touch sensor 43 is able to detect a touch by
following the basic principle of the electrostatic capacitance type touch detection
described above. Further, the electrode patterns intersecting each other as described
above constitute the touch sensors in matrix. Therefore, detection of a touched
position is possible.

[0027] When a detection signal output from the touch sensor 43 is sequentially
extracted from the plurality of touch detection electrodes 55, the multiplexer 44 is a
circuit switching its extraction source.

[0028] The detecting section 45 is a circuit detecting whether or not the finger or the

like is in contact with or in proximity to the touch sensor 43 based on the detection



13 patterns (here, they are constituted of a number n (n: an integer of 2 or larger) of drive electrodes
531 to 53n as an example) extending in a right an(Meft direction of the figure. The drive signal Vcom is
supplied to each electrode pattern one after another by the drive electrode driver 54, and a
tine-sequential scanning drive is time-divisionally performed. Meanwhile, the touch detection electrode
55 is constituted of a plurality of stripe-shaped electrode patterns extending in a direction orthogonal to
the extending direction of the electrode patterns of the drive electrode 53. The electrode patterns

intersecting .each othey by the drive electrode 53 and the touch detection electrode 55 form an
Cloetostats RS R R P b At LSS, (R DG RN AR S G to C In
formed bet\é/een an %I%cir de focused[ak@( the, touch detectio ell%cg %d.?ogcﬁi rg]éd eac‘{g of drive

electrodes 53510 B3N are Mustrated as anv"fé%ar{r)ﬁrpIlél ki Xénéqgctros atic capaci ance. [0026] The drive

electiode S RAHGRRANIIShECANS Sieptipmct Wristialednifas,and2.0p s pasibprnciple of

the electrostatic capacitance type touch detection. Meanwhile, the touch detection electrode 55

correspondg i he flefechion glectrode ko ilustiated:in FiEsel and diohheteby, dhe touch sensor 43 is

able to detect a touch by following the basic principle of the electrostatic capacitance type touch

detection desgribed pbaygokusther: e elastkosiePRErpsHidiersectng eachatbetasslassiibed above

constitute the touch sensors in matrix. Therefore, detection of a touched position is possible. [0027]
When a detectiendsigagd o wipnifrugethedovstpsigingorhd - isdequ ensially e xiraictec isamithelplurality of
touch detection electrodes 55, the multiplexer 44 is a circuit switching its extraction source. [0028] The
detecting s&ckith 49Ts: a’clicuitdetestingenthethel o motitiesifingerotihe fikke dstirtoontagnwlith or in
proximity to the touch sensor 43 based on the detection

Vdet2 into a digital signal, and the signal process section 64 is a logic circuit

determining presence or absence of a touch based on the output signal of the A/D

conversion section 63. In addition, detail of the A/D conversion section 63 and the

signal process section 64 will be described later. The coordinate extraction section 65

is a logic circuit detecting a touch panel coordinate on which the touch detection has

been performed in the signal process section 64,

[0030] The timing control section 46 is a circuit controlling operation timings of the

Veom generation section 41, the demultiplexer 42, the multiplexer 44, and the detecting

section 435,

[0031] FIG. 6 illustrates a waveform (A) of the drive signal Veom and a waveform (B)

of the detection signal Vdet2, and a sampling timing (C} in the A/D conversion section

63.

[0032] The waveform of the drive signal Vcom is a rectangular wave with a period T

in which polarities are alternated (polarities are alternately inverted), and includes a

section of a first voltage (+Va) and a section of a second voltage (—~Va). Its duty ratio

is slightly shifted from 50% as described above. The waveform of the detection signal

Vdet2 is a waveform synchronized with the drive signal Vcom, and has an amplitude

according to the electrostatic capacitance between the drive electrode 53 and the touch



14 signal switched by the multiplexer 44, and, further, detecting a coordinate when the finger or the
like is in contact with or in proximity to the touch sensor 43. The detection section 45 includes an
analogue LPF (Low Pass Filter) 62, an AID conversion section 63, a signal process section 64, and a
coordinate extraction section 65. [0029] The analogue LPF 62 is a low pass filter removing a high
frequency component in the detection signal Vdet and outputting the resultant signal as a detection
signal Vdet2. The A/D conversion section 63 is a circuit converting the detection signal Vdet2 into a
digital signal, and the signal process section 64 is a logic circuit determining presence or. absence of a
touch baset T #hg S‘Gfgiﬁd&jﬁal SPREAIBEBTVERSTSIT SatoreBs. i dddiion, ieiliror el AD

ion setiop 63 and the, signal tion 64 will be described later. The caardinat
extraction SEbHoh &5 T TRBIE SR F RN % (3aCH BEnel (oRTmALd S WHEFES LR detection

has been perfomedine 19Tl RIgeRsa seston a4, (08701 Theiming conirel seelfan de b 2 oircut

controlling operation timirigs of the Vcom generation section emultiplexer e multiplexer

44, and theﬂﬁ%&%ﬁ&%@%%@s&?ﬁ?%@ﬁu@e”msﬁ‘i@t%@ vauelonm e e feiyg signal Veom and

a waveform (B) of the detection signal Vdet2, and a sampling timing (C) in the AID conversion section

63. [0032] Thewavelrupig idrive signaloiermis A rectangular wave with a period T in which
polarities are alternated (polarities are alternately inverted), and includes a section of a first voltage

(+Va) and gusectjorspf ausetendivelagetVay, lsidaty, Biiodssightlshifted ik aTco8P6 psrelescribed
above. The waveform of the detection signal Vdet2 is a waveform synchronized with the drive signal
Vcom, and fyastanmaraphtutlglacdéordingteal thecsle aitd staticctapaaitgri o betyveeni¢thésdrvehelectrode 53
and the touch 15

same as an inverse of the period T of the drive signal Vcom.

[0034] These sampling timings (hereinafter, simply referred to as “timings™ according

to needs) exist three by three, adjacent to each other in the vicinity of a rise and in the

vicinity of a fall of the drive signal Vecom. The three sampling timings Al, A2, and A3

are set in time order in the vicinity of the rise of the drive signal Vcom. Meanwhile,

the three sampling timings B1, B2, and B3 are set in time order in the vicinity of the fall

of the drive signal Vcom.

[0035] The time difference between the sampling timings corresponding to the vicinity

of the rise and the vicinity of the fall, respectively, is half period T of the drive signal

Veom. In other words, the time difference between the sampling timings Al and B1,

the time difference between the sampling timings A2 and B2, and the time difference

between the sampling timings A3 and C3 are T/2, respectively.

[0036] All the three sampling timings Al to A3 in the vicinity of the rise of the drive

signal Vcom are positioned immediately before the rise of the drive signal Vcom.

Meanwhile, in the three sampling timings in the vicinity of the fall of the drive signal

Vecom, Bl and B2 exist immediately before the fall, and B3 is positioned immediately

after the fall.

[0037] In addition, the duty ratio of the drive signal Vcom is slightly shifted from 50%



detection electrode 55. In other words, the detection signal Vdet2 has a waveform W1 with a large
amplitude in the state where the finger or the tike is not in contact with or not in proximity to the touch
sensor. Meanwhile, the detection signal Vdet2 haslg waveform W2 with a small amplitude in the state
where the finger or the like is in contact with or in proximity to the touch sensor. [0033] Six sampling
timings Al, A2, A3, BI, B2, and B3 illustrated in FIG. 6(C) are synchronized with the drive signal Vcom,
and respective sampling frequencies fs are the same as an inverse of the period T of the drive signal
Vcom. [0034] These sampling timings (hereinafter, ,simpl)i)referred to as "timinggé}sr% according to needs)
|

exist three BY TP LRROSASH BA OIRBIPHPh BRESIK) b Aist ahd il theRAdhisAEF S 18 of the

drive signal Ycom The‘e}tefgj;eei sampling timings Al, A2, and A3 are set in time order in the vicinity of the
rise of the AHS SIREIREOIR ANEknwhile, the three sampling timings 81, 82, and 83 are set in time

order in the vig 'ty(g%f. h fa(li_ of the drive signal vV . o]..The time difference between the
campling T o e T o R AR TR TS e s
period T of the;driye signal Vcom. In other words, the time difference between the sampling timings Al

and B1, the time difference between the sampling timings A2 and B2, and the time difference between

the sampling-timings AB.anch CR&He stideesrectivgly JOR30AAY thehiksshspruplingtimings Al to A3 in
the vicinity of the rise of the drive signal Vcom are positioned immediately before the rise of the drive

signal VcomigVie arvebiesdbrie ghree sampling timings in the vicinity of the fall of the drive signal
Vcom, B1 and 82 exist immediately before the fall, and B3 is positioned immediately after the fall.
[0037] In additien, theedutiDratiorofrthendrugisigrial Ycanvisesligkily shifte driidothdh@¥%eidd the
detection signal Vdet2, and includes A/D} conversion circuits 71 to 76 sampling the
detection signal Vdet2 in the above-described six sampling timings (A1, A2, A3, B1, B2,
and B3), respectively.
[0040] As illustrated in FIG. 7, the signal process section 64 includes subtraction
circuits 77 to 80, 88, and 90, digital LPFs (Low Pass Filters) 81 to 84, a multiplication
circuit 85, a shift circuit 86, a phase difference detection circuit 87, and a reference data
memory 89.
[0041] The subtraction circuits 77 to 80 are logic circuits performing a subtraction by
using output signals of the six A/D conversion circuits 71 to 76 of the A/DD conversion
section 63.  Specifically, the subtraction circuit 77 subtracts an output signal of the A/D
conversion circuit 75 {the timing B2) from an output signal of the A/D conversion
circuit 76 (the timing B3), and the subtraction circuit 78 subtracts an output signal of the
A/D conversion circuit 72 (the timing A2) from an oufput signal of the A/D conversion
circuit 73 (the timing A3). The subtraction circuit 79 subtracts an output signal of the
A/D conversion circuit 74 (the timing B1) from an output signal of the A/D conversion
circuit 75 (the timing B2), and the subtraction circuit 80 subtracts an output signal of the

A/D conversion circuit 71 {the timing A1) from an output signal of the A/D conversion

circuit 72 {the timing A2).



as described above so that the sampling timings Al, A2, A3, B |, B2, and B3 satisfy the
above-described relation. [0038] (Circuit structural ]e%ample of AID conversion section and signal
process section) FIG. 7 illustrates a circuit structural example of the A/D conversion section 63 and
the signal process section 64. [0039] The AID conversion section 63 is a circuit sampling and
digitalizing the detection signal Vdet2, and includes AID conversion circuits 71 to 76 sampling the
detection signal Vdet2 in the above-described six sampling timings (Al, A2, A3, B |, B2, and B3),

respectivel .5)040 As illystrated inEIG. 7, the sign‘aé rocesg section 64 includes subtraction circuits
77 10 80, 880G bt gL PRS (LB IR 87 a5 MEINTton e Kas: Shit eroui
86, a phasesﬂé ferance detection greult 87, and %éeIE{ gt oF éad@&@}g{ ggﬁif"{f‘ The gubtraction
circuits 77 to 80 are fogic Circults performing a subtraction by using output signals of the Six AID

conversion gihihT uie T8 QLIS AIR sRPversiensecton 63, Spesllsaly e shyaston grout 77

subtracts an ou signa e A/D conversion circuit 75 (the timing B2) from an dutput signal of the

AID convergion.Cirgyit (G (e JIsing, B3 ﬁ@%&k&é&b@@%@wwH-J&@L{Hy%tﬁmw@%signal of

the AID conversion circuit 72 (the timing A2) from an output signal of the AID conversion circuit 73 (the

timing A3). S he.suRisACtioneHonHiied Subirdaisanrouirul SIgNaleiie Alnepavatsian sirawt 74 (the
timing B1) from an output signal of the AID conversion circuit 75 (the timing B2), and the subtraction

circuit 80 subtsacts ancautprdsignakied thaiAdDrconvarsioneipbiit rédufthef timing d)itrerigaloutput

signal of the AID conversion circuit 72 (the timing A2). 17
Vdet2 in the timing A3, and does not detect the change of the detection signal Vdet2
due to the rise and the fall of the drive signal Vecom. In other words, although the
output of the subtraction circuit 77 includes the change by the touch operation, the
output of the subtraction circuit 78 does not include the change by the touch operation.
Here, further, the case where the disturbance-noise is inchuded in the detection signal
Vdet2 will be considered. In this case, the noise component is inchuded in both the
output signals of the subtraction circuits 77 and 78. Therefore, as will be described
later, it is possible to remove the disturbance-noise and determine the touch detection
signal by calculating the difference between the output signal of the subtraction circuit
77 and the output signal of the subtraction circuit 78.
[0043] Next, the subtraction circuits 79 and 80 will be focused. In FIG 7, the
subtraction circuit 79 subtracts a sampled result of the detection signal Vdet2 in the
timing B1 from a sampled result of the detection signal Vdef2 in the timing B2, and
does not detect the change of the detection signal Vdet2 due to the rise and the fall of
the drive signal Vcom. In the same manner, the subtraction circuit 80 subtracts a
sampled result of the detection signal Vdet2 in the sampling timing Al from a sampled
result of the detection signal Vdet2 in the timing A2, and does not detect the change of

the detection signal Vdet2 due to the rise and the fall of the drive signal Vcom.

Therefore, the outputs of the subtraction circuits 79 and 80 do not inciude the change by



[0042] Here, first, the subtraction circuits 77 and 78 are focused. In FIG. 7, the subtraction circuit 77
subtracts a sampled result of the detection signal Vdet2 in the timing 82 from a sampled result of the
detection signal Vdet2 in the timing 83, and detecti®and outputs a change of the detection signal Vdet2
due to the fall of the drive signal Vcom. Meanwhile, the subtraction circuit 78 subtracts a sampled
result of the detection signal Vdet2 in the timing A2 from a sampled result of the detection signal Vdet2
in the timing A3, and does not detect the change of the detection signal Vdet2 due to the rise and the
fall of the drive signal Vcom. In ather words, although the gutput of the subtraction_circuit 77 includes

the change'By IECtb YER B R ati S the Uit of BiE stisuHetBRAGTEUIP A8 dodachtahdiid&the change
by the touch %)e.ration. Hﬁ% fugther the case.\é/here the disturbance:-noise is included in the detection

signal VdetZ W88 oAMherdaantHils R midrslse dbmBSneiRtis G FOBRAER dutput
signals of the traction,circuits 77.and 78. Therefore, as will be desgcribe er, jtis sible to
e e B R e R e o e

between thg.Qutpu Signall he subiracian sllow £{sand Jheouiput signal of lng,gHPEAGHoN circuit

78. [0043] Next, the subtraction circuits 79 and 80 will be focused. In FIG. 7, the subtraction circuit 79

subtracts agampleddseritofins AeisaionrionaliMsetzin e tigung Bl from a sampled result of the
detection signal Vdet2 in the timing B2, and does not detect the change of the detection signal Vdet2

due to the fisgsand The @iiefitheHrye gighalaveaspidnihriBarpa manner atheisuliiastionaircuit 80
subtracts a sampled result of the detection signal Vdet2 in the sampling timing Al from a sampled
result of théotlejestiofilzigngl Wdef?2 timthe:timingné 2o A deesnotigeiectibe dhangdeddtiiendetection
signal Vdet2 due to the rise and the fall of the drive signal Vcom. Therefore, the outputs of the
subtractioncgiruifits779tartd.80Sdenbtahgiudie theichdnde bl rtsfthesowattubperatiynuditerdghthe case
where the disturbance-noise is included in the detection signal Vdet2 will be considered. In this case,
the noise compoaBnt EincllidsdiHbbtighe diapubsighdrsdiansisubtractiorndireiisizd B 80. As will
be described later, the subtraction circuits 79 and 80 detect only a change amount of the

disturbancén AISERRR ot BEyInMiektag HFtHERHRIED pitatidh tioowipathedighdiarthsl to 84 are
logic circuits performing a cal Iatiop ofé?e low-pass filter by using time-series data of the output
signals fronHHESHRRr & it 79 %db%%cﬁ%au ’ tRe G $R 1 PeSridigalthlation by
using the ti{ne-series %%Eg o]t e ouégut Si nﬁl rom ﬁpte SS%t{traction circuit%?,a%gd the digjtal LPF 82

HNCH-SEI1eS of e quiput st 1 ublraction cucigt Ul & . .
performs calCuiation by Using the tife-sefes data of thé output Sighal froni e sibtiaction circuit 78.

Also, the di@i}é‘&ﬂaf’i'?fgsrgrs@ﬁr‘é%%“&o?%%‘1‘1' ti%”aB%’oHﬁi”c%ﬁé‘c‘?icEiﬁ“&a%%[ iﬁﬁdgﬁ% 8%‘&'&%51%&%5@‘3' from the

subtraction circuit outputs the calculation result as a ndise change amount detection signal

A8, and the dighakl Bl e salcuRtianRrusind s Ureierig daaghierpiipysignal from

the subtraction circuit 80, and outputs the calculation result as a noise change amount detection signal
AA. [0045] Stive-smuliipligation sircuiuBiupadogis chruilamtipiing fhe awnut sianad oftbeaigital LPF
82 and a phase difference detection signal Pdetl as being an output signal of the phase difference
detection citetitith whighamill be described later. Further, the shift circuit 86 is a logic circuit shifting
the time-series data of the output signal from the multiplication circuit 85 in a time axis direction based
on a phase| tidéienteedetagtibresignalrPdet®as bemgeanroutputsighahaftrecphasesdiffdrence
detection circuit 87, which will be described later. [0046] The phase difference detection circuit 87 is a
logic circuithecéigitad) tHY ndisand a phase difference detection signal Pdetl as being an output

signal of the phase difference detection circuit 87, which will be described later.
Further, the shift circuit 86 is a logic circuit shifting the time-series data of the output
signal from the multiplication circuit 85 in a time axis direction based on a phase
difference detection signal Pdet2 as being an output signal of the phase difference
detection circuit 87, which will be described later,

[0046] The phase difference detection circuit 87 is a logic circuit receiving the noise

change detection signals AA and AB, detecting the phase difference between the



change detection signals AA and AB, detecting the phase difference between the 19 time-series data
of these two signals, and outputting the results as the phase difference detection signals Pdet | and
Pdet2. [0047] FIG 8 illustrates a circuit structural eX mple of the phase difference detection circuit 87.
The phase difference detection circuit 87 includes an interpolation circuit 91, a multiplication circuit 92,
a Fourier interpolation circuit 93, a first phase difference detection circuit 94, and a second phase
difference detection circuit 95. [0048] The interpolation circuit 91 is a logic circuit performing an
interpolation process on the time-series data of the noise change amount detection signal AA. The first

phase diffetBRESABREABROGIRERE 3% SR IYic e O AR AR tHE Pt e ARG Repa e the

time-series %ta of the n(r[srg? c%%ﬁﬂﬁunt detection signal AB and the time-series data of the output
signal fromRSHESSSTARISA HAFPOT G detects whether the phase relation is the in-phase relation

the | relation to output th It as th iffereng ion sianal Pdetl.
o e e S SA ue aLplhes A0etes dloln e e

Ise change amount detection

signal AA aé]{ch?Pﬁ??%@%ﬁé@@?ﬁfﬁ%ﬁ&@%élﬁ@ Eideh! 85 beinadbe ouipyhoking fitstghase

difference detection circuit 94. The Fourier interpolation circuit 93 is a logic circuit performing a Fourier

interpolation ProgaRasARiaelicieaeres Oaia el the-esipkiczignakitam themylplicatingieeuit 92. The
second phase difference detection circuit 95 is a logic circuit detecting the phase difference between

the time-segigs@iia @fdiie NRiseichanrgadpheundidrieatiodsignahAB@mdthe time-series data of the
output signal from the Fourier interpolation circuit 93. The phase difference detectable by the second
phase diffefén¢g] dEieetionegxduii@b ¢&onord tetaitedoadmpacad withfthaidetacténia fythenfirst phase
difference detection circuit 94. The second phase difference detection circuit 95 outputs the detection
result of theplasediffeecnre-as thedphast tiffecercehdetectionusigdetcPaatZignal AA.  The

first phase difference detection circuit 94 is a logic circuit detecting the phase relation

between the time-series data of the noise change amount detection signal AB and the

time-series data of the output signal from the interpolation circuit 91, and detects

whether the phase relation is the in-phase relation or the inversed phase relation to

output the result as the phase difference detection signal Pdetl.

(00491 The multiplication circuit 92 is a logic circuit multiplying the noise change

amount detection signal AA and the phase difference detection signal Pdetl as being the

output of the first phase difference detection circuit 94. The Fourier interpolation

circuit 93 is a logic circuit performing a Fourier interpolation process on the time-series

data of the output signal from the multiplication circuit 92. The second phase

difference detection circuit 95 is a logic circuit detecting the phase difference between

the time-series data of the noise change amount detection signal AB and the time-series

data of the output signal from the Fourier interpolation circuit 93. The phase

difference detectable by the second phase difference detection circuit 95 is more

detailed compared with that detectable by the first phase difference detection circuit 94.

The second phase difference detection circuit 95 outputs the detection result of the

phase difference as the phase difference detection signal Pdet2.



20 [0050] The subtraction circuit 88 is a logic circuit subtracting an output signal of the shift circuit 86
from an output signal of the digital LH 81. The refe Snce data memory 89 is a memory storing a digital
signal, and stores data when the finger or the like 1§ not in contact with or not in proximity to the touch
sensor 43. The subtraction circuit 90 is a logic circuit subtracting an output signal of the reference data
memory 89 from an output signal of the subtraction circuit 88. The output signal of the subtraction
circuit 90 is the output of the signal process section 64, and is supplied to the coordinate extraction
section 65. E)OSl] Here, the AID canversign circuits 74 to. 76 performing samplings in the sampling

timings B1 kB%] ahbruie AR O Eh e CURRSPERY T AP e XA 8P it Empling
circuit” in thg.p[resenttirgl nIIIion. In othter‘ ordsgﬂthtnT (%hltphlt p{ lih?ﬁyb%rlactl?ﬂ circlyit 77 carrt'esponds toa
specific exgn%plg OF G irst senes o 84 %ﬁﬁ?glgn%l includ }gaa sigha c‘ompgnéehf Withfir& fevel and a

noise Com%‘i’&%%-y[ﬁt%%'\{'n%?ﬁcwe % EQ%@!E %QPEI'%;E'P'L&[ %%‘i%&%ﬁ% %%&e{ﬁgrﬁ}l”%so%’ﬂ%"”gs in the

sampling timings ‘Al to an su C'[IO% circ 8 correspond to a specific example of "second

sampling cirguif inihg PEGERALIRYERION. 40 SNEHWOrESiHb e QHiPYLQ the suliraction.circit 78

corresponds to a specific example of a second series of sampling signal including a signal component

with secondleyrlgdifferent.iromdte fitstievabandihgnaiseaamaenentdieverarithibis gmbodiment,
the output of the subtraction circuit 78 corresponds to the second series of sampling signal in which

the signal cesmpanenipyithisetendHevebisi@etd): JR833] The digial 4k BdrandsaBteatiespond to a
specific example of "filter circuit" in the present invention. A circuit portion constituted of the subtraction
circuits 79,388 (airdR0nthmdiditat ki2Ra8Branck 84 dhenmultipkicatimpdirelit 8b theslhifiteircuit 86,
the phase difference detection circuit 87, and the reference data memory 89 corresponds 21 to a
specific examipietioh"smimpufetion circuit” in the present invention. The output of the "computation
circuit" is "a signal for touch detection” in the present invention, and its specific example corresponds
to an outputVBoUt dilere SBtradloREIYELRIOT0 SIS Witl e desefpetmEer spousKgopertifons and

actions] i o ,
sampling timings B1 to B3, and the subtraction circuit 77 correspond to a specific

example of “first sampling circuit” in the present invention. In other words, the output
of the subtraction circuit 77 corresponds to a specific example of a first series of
sampling signal including a signal component with first level and a noise component.
[0052] Meanwhile, the A/D conversion circuits 71 to 73 performing samplings in the
sampling timings Al to A3, and the subfraction circuit 78 correspond to a specific
example of “second sampling circuit” i the present invention. In other words, the
output of the subtraction circuit 78 corresponds to a spectfic example of a second series
of sampling signal including a signal component with second level different from the
first level and the noise component. However, 1n this embodiment, the output of the
subtraction circuit 78 corresponds to the second series of sampling signal in which the
signal component with second level is 0 (zero).

{0053} The digital LPF 81 and 82 correspond to a specific example of “filter circuit™
in the present invention. A circuit portion constituted of the subiraction circuits 79, 80,
88, and 90, the digital LPF 83 and 84, the multiplication circuit §5, the shift circuit 86,

the phase difference detection circuit 87, and the reference data memory 89 corresponds



(Overall basic operations) First, overall operations of a capacitive touch panel 40 of this embodiment
will be described. [0055] The Vcom generation section 41 generates the drive signal Vcom, and
supplies the drive signal Vcom to the demultiplexe“l)*142. The demultiplexer 42 supplies the drive signal
Vcom to the plurality of drive electrodes 531 to 533n of the touch sensor 43 one after another by
sequentially switching the supply destination of the drive signal Vcom. The detection signal Vdet with
the waveform having the rise and the fall synchronized with the voltage change timing of the drive
signal Vcom is output from each touch detection electrode 55 of the touch sensor 43 based, on the

basic princiold SFEHSEREAFINGAE CAPARMAHER fisd oA RfesTiih WEsRIBRd abtvR PHE hultiplexer

44 tially extracts the detection signal Vdet output f \ch touch detection electrode 55 of th
(onch ool By LAY wdtoin CERL SRS ALOUNER. APt AR DGt srgnal

Vdet to the.detection section 45. In the detection sectian 45..the an LRF. moyes the high
frequency é%rﬁ%%cﬁ%ﬁteﬁ%ﬁj%ﬁ e %é%g}é(t}i%%s s%log ﬁ%IO\I}?Peu% ?8 g%oouf':ptt}tﬁss tgépagé%%‘ tant %%g 221 ‘é%nt%%e detection
signal VdetZ:;The AR.GoRvefsion section 63 converts the detection signal Vdet2 from the analogue
LPF 62 into the digital signal. The signal process section 64 determines presence or absence of the
touch on th@@guﬁ:h i4% Bvdogigsealculation based on the output signal of the AID conversion
section 63. The coordinate extraction section 65 detects the touch 22 coordinate on the touch sensor
based on thedioueh deterabaatipmigsult by the signal process section 64. In this manner, the touched
position is detected in the case where a user touches the touch panel. [0056] Next, more detailed

operations Wilkhe desalinger§0057 [(Operatioitis svheritheraeis4io distisbanbedhaise) will be
described.
[0055] The Vcom generation section 41 generates the drive signal Veom, and supplies
the drive signal Vecom to the demultiplexer 42. The demultiplexer 42 supplies the
drive signal Vcom to the plurality of drive electrodes 531 to 333n of the touch sensor 43
one after another by sequentially switching the supply destination of the drive signal
Veom. The detection signal Vdet with the waveform having the rise and the fall
synchronized with the voltage change timing of the drive signal Vcom is output from
each touch detection electrode 55 of the touch sensor 43 based on the basic principle of
the electrostatic capacitance type touch detection described above. The multiplexer 44
sequentially extracts the detection signal Vdet oufput from each touch detection
clectrode 55 of the touch sensor 43 by sequentially switching the extraction source, and
transmits the detection signal Vdet to the detection section 45.  In the detection section
45, the analogue LPF 62 removes the high frequency component from the detection
signal Vdet, and outputs the resultant signal as the detection signal Vdet2. The A/D
conversion section 63 converts the detection signal Vdet2 from the analogue LPF 62
into the digital signal. The signal process section 64 determines presence or absence
of the touch on the touch sensor 43 by logic calculation based on the output signal of the

A/D conversion section 63. The coordinate extraction section 65 detects the touch



First, operations and actions when there is no disturbance-noise will be described. [0058] FIG. 9 is a
timing chart example of the capacitive touch panel 40 according to the first embodiment of the present
invention, and illustrates an example when there i$ho disturbance-noise. [0059] FIG. 9(A) illustrates a
waveform of the drive signal Vcom, (B) illustrates a touch state waveform illustrating presence or
absence of the touch operation with the waveform for convenience, and (C) illustrates a waveform of
the detection signal Vdet2. Here, in the touch state wave (B), the high level section indicates the state
where the finger or the like is in contact with or in proximity to the touch panel, and the low level

section indRAEEIRE SIAIEH I (PRFTGRASSR t Hike 1RUABL FRt BRI WitF B hBY itPprisdiflty to the
touch panel. Correspondingly, @ﬁ glustrated %%(\3}%9 %ﬁs d on.the. b$sic F{énci le of the electrostatic
capacitancBRFEERIPA e ctidh BEIEABLY: ABota S dfARaBAS TGRS B h S thE W Aform with
the small amsppttudgh\évsh%g hgchoughe tate waveform is at the high level. Meanwhile, the detection
signal vdet? Ras e Waetorm with the large amplitude when the touch state waveform is at the low

level. [006 illyst the;si Mpling fimings,| A/D conversion section 63, (E)
illustrates g[l]'lo %%%%ﬁh%%dﬁ%?a dﬁlg%%gf?%@g B(E%%?I%%?eggaﬁoutput of the digital LPF 81. (E)

illustrates a¥ formpurhichdhersampieds ssuiiafthadeigstion signal Vdet2 in the timing A2 is

subtracted from the sampled result of the detection signal Vdet2 in the timing A3, and thus indicates O
(zero). Meanwililey de)dlbstratescaiods wavelers innyhichuthesampledwasull aédaedetection signal
Vdet2 in the timing B2 is subtracted from the sampled result of the detection signal Vdet2 in the timing
B3, and thgoraggforndincludingitng changedmplbefabckgpetation(hereinaitel seferidgdacas -a touch
component-) is thus output. This means that this circuit extracts the touch component by using the fall
of the drivetbigfisdt iodrd Q66011 196Gl usteatesamduipertcfthashiftopbuivBé) dmd(k) illustrates
an output of the subtraction circuit 88. In FIG. 7, although the output of the digital LPF 82 is supplied to
the multiplicatibsteibenite8Bisince the output of the digital LPF 82 is 0 (zero) as described above, the
output of the multiplication circuit 85 is also 0 g}lg_réo). Further, this output is supplied to the shift circuit
86, and thel B¢aplt {EY-otehe dhifteieun 8618 Gf(iﬁ?diﬁwffh%%@#ng?ﬂﬁhré& THetEISRe 2the output
(H) of the subtraction circuit 88 is_ the same as the output (F) ofith_e digital LPF 81. [0062] FIG. 9(1)
illustrates tHYERHAEDEIGT e SHEHRR R ENWSE 96 F5HIES. 9 fhe BUBLPBFHPRUBHREN circuit 89

hen the fi the like | ti ith ti imity ta the touch | is, stored in th
reforence QAL AEHROR) G tRE L PAEAon LI G0 CHIAR DY e EGEN EOBhA Dy

btracti tput of the refere h | fih ] ircuit 89. |
cther word ks U BT (o LD AT e cUPaktan e o8 R s M o e

touch state gyavefar(FIG ; OB N I0R6 A OReratians el RN & iR.A HISHrBARGRNBIN L vel

section indicates the state where the finger or the like is not in contact with or not in

proximity to the touch panel. Correspondingly, as illustrated in (C), based on the basic
principte of the electrostatic capacitance type touch detection described above, the
detection signal Vdet2 has the waveform with the small amplitude when the touch state
waveform is at the high level. Meanwhile, the detection signal Vdet2 has the
waveform with the large amplitude when the touch state waveform 1s at the low level.

[0060] FIG. 9(D) illustrates the six sampling timings in the A/D conversion section 63,
(E) illustrates an output of the digital LPIF 82, and (F) illustrates an output of the digital
LPF 81. (E) illustrates a waveform in which the sampled result of the detection signal
Vdet2 in the timing A2 is subtracted from the sampled result of the detection signal

Vdet2 in the timing A3, and thus indicates 0 (zero). Meanwhile, (F) illustrates a



Next, operations and actions when there is a disturbance-noise will be described. [0064] In FIG. 7, the
digital LPFs 81 to 84 are introduced to reduce influence of a folding noise due to the sampling in the
AID conversion section 63. Typically, when the sa?l’?pling is performed at the sampling frequency fs, a
frequency component equal to or higher than a Nyquist frequency (fs/2) of that input signal appears as
a frequency 24 equal to or lower than fs/2 in the output signal (folding noise). The component equal to
or higher than the Nyquist frequency of the input signal is typically not necessary. The digital LPFs 81
to 84 have effects na,rrov(i/?iijr%ghthe frequency range in which this unnecessary signal exists. [0065] FIG.
1

10 illustratSEHEP IR SGEh BF SomBHERtHH e Butstrelign i Bth s Wgitd DS L wis 5 34

ds to which.f t in the detection.si 12 being the.input signal of
etk R s g oA g 8 o i e
int ti th ling f , i d introduci igital LPE Q 84.. The band
it o o e e B O e R B R e e

preferable {0ag! ARSI Taguimney Jeipy. Meanuhiis. s nagessarg(oLibeausl Gamponent to

pass through the digital LPFs 81 to 84. Therefore, the cut off frequency fc is set to approximately the

frequency Qfhs tueRLampenenh [QR%R] k. L signifigs, that the disturbance-noise having the
frequency component close to integer times the sampling frequency of the AID conversion section 63

passes thropgh thergigitalhPHsdhia 84 Jhgnresant isventomalsediand (Agcasisiedoaprevent
malfunction caused by this. [0067] Hereinafter, the case where the disturbance-noise has a frequency

close to odeumpumberiimestthetisamnpling tquantyGafidadieccateiwhergine tistudbsantd-Abise has a
frequency close to even number times the sampling frequency will be separately described in detail.
[0068] (I) Chises wiygrigethier érisraudigtlichanceinpise &t anreduenuipuiodaio dddaldhibéitimes the
sampling frequency

(zero) as described above, the output of the multiplication circuit 85 1s also 0 (zero).

Further, this output is supplied to the shift circuit 86, énd the output () of the shift

circuit 86 is also 0 (zero) in the same manner. Therefore, the output (H) of the

subtraciion circuit 88 is the same as the output (F) of the digital LPF 81,

[0062] FIG. 9(1) illustrates the output Dout of the subtraction circuit 90. In FIG 7,

the output of the subtraction circuit 89 when the finger or the like is not in contact with

or not in proximity to the touch panel is stored in the reference data memory 89. The

subtraction circuit 90 extracts only the touch component by subtracting the output of the

reference data memory 89 from the output of the subtraction circuit 89. In other words,

the output Dout (FIG. 9(1)) of the subtraction circuit 90 has the waveform similar to the

touch state waveform (FIG 9(B)).

{0063] (Operations when there is a disturbance-noise)

Next, operations and actions when there is a disturbance-noise will be described.
[0064] In FIG. 7, the digital LPFs 81 to 84 are introduced to reduce influence of a
folding noise due to the sampling in the A/D conversion section 63. Typically, when

the sampling is performed at the sampling frequency fs, a frequency component equal to

or higher than a Nyquist frequency (f5/2} of that mput signal appears as a frequency



FIG. 11 is a timing chart example of the capacitive touch panel 40 according to the first embodiment of
the present invention, and illustrates an example where there is a 25 disturbance-noise at a frequency
close to three times the sampling frequency of the’AID conversion section 63. [0069] FIG. 11(A)
illustrates a waveform of the drive signal Vcom, (B) illustrates a touch state waveform, (C) illustrates a
waveform of the detection signal Vdet2 due to a signal other than the disturbance-noise, and (D)
illustrates a waveform of the detection signal VVdet2 due to the disturbance-noise. Here, the detection

signal Vdet2 is separately illustrated.in FIGs. 11(C) and 11(D), for simplification of descript%on. The
actual wavERsfh Bt LHEtEABA IR SEth(BH RS SO% thd RUAIRBA SIYHIYE sampled in

the AID ' 3. Further, the stat .the fi the like is not in contact with
ot 1 prod ) 1A (I Pa GG TUEAUh: BErl 1o JELOnech FE0E) HIE 508 Mustates the

six sampling, timings,in the AlID_conyersion section 63, (F) illustrat n output of the.digital LPF 82,
and (G) illus r‘?:lr'?d(;1 aar% %&t}&?ﬁ tt%eg %%ﬂ‘é? I_elﬁlegC 1R %Yéné #ié(éeﬁgﬁ&g) Iu ?ﬁt%@[u?gtitg;ﬁligﬁﬁﬁgwaveform
caused by é@ggﬁwggéggg&appears as being obvious in comparison with FIGs. 9(E) and (F).
Further, the phase relation between the waveforms of FIGs. 11(F) and (G) is substantially inversed

phases to ¢a6sothere This igsauradiy that e fiegyency Riithe assHMed:pistyrbancseagise is close

to three times the sampling frequency of the AID conversion section 63. Further, the touch component

is included diuthe PR () of thadigitald BRlnTheiefars, asmyihbe: deswribeddatersifieiphase of
the output of the digital LH 82 is adjusted so that the phase of the output of the digital LPF 81 and the

phase of the datpustefithatdigiahl P82 dkcaifitidentwitnsactiootidr. Arid, fndtn¢heydiffedence
between those, it is possible to determine the intended touch detection signal. [0071] FIG. 11(H)
illustrates théthowenebamnagrey aipount détegtiorcsigivat AnNimsdoeingehéhopupbignatofeney digital LPF
84, and (1) illustrates the noise change amount detection 26
narrowed by introducing the digital LPFs 81 to 84.  The band width is expressed as 2fc
by using a cut off frequency fc of the digital LPFs 81 to 84. From this, it is preferable
to set the cut off frequency fc low. Meanwhile, it is necessary for the touch component
to pass through the digital LPFs 81 to 84. Therefore, the cut off frequency fc 1s set io
approximately the frequency of the touch component.
[0066] FIG 10 signifies that the disturbance-noise having the frequency component
close to integer times the sampling frequency of the A/D conversion section 63 passes
through the digital LPFs 81 to 84. The present invention also has a mechanism to
prevent malfunction caused by this.
[0067] Hereinafter, the case where the disturbance-noise has a frequency close to odd
number times the sampling frequency, and the case where the disturbance-noise has a
frequency close to even number times the sampling frequency will be separately
described in detail.
[0068] (I) Case where there is a disturbance-noise at a frequency close to odd number
times the sampling frequency

FIG. 11 is a timing chart example of the capacitive touch panel 40 according to the first

embodiment of the present invention, and ilustrates an example where there 1s a



signal AB as being the output signal of the digital LPF 83. When the waveforms of (H) and (I) are
compared, the phase relation is substantially inversed phases to each other. This is also caused by
that the frequency of the assumed disturbance-noi€® is close to three times the sampling frequency of
the A/D conversion section 63, like the case of (F) and (G). In other words, the phase relation between
(F) and (G) is the same as that between (H) and (I). Meanwhile, unlike (F) and (G), (H) and (l) are
hardly influenced by the touch component. This means that it is possible to use (11) and (I) when the
phase difference between (F) and (G) is detected with high accuracy. Thus, the phase difference
detection cHEGFbImERIEEEs i Prrauengifreleide Husrdirrmhbhssy dnadgussneunt dstdddidbn signal
AA (H) and the noise change amount detection signal AB (1), and adjusts the phase of the output of
the digital LSB'E5RsEGAT it result (the multiplication circuit 85 and the shift circuit 86). Since the

phase diffe b en the waveforms of (H) and (1) is substantially.inversed phases to each other,
the phase jmg%nfgﬁtgc{(ﬂfn}ﬁpﬁﬂ Pdet's ?305%“\/9. It 3 éijé‘s’f%n%%%l*a\}g:ﬁlpﬁ 1adi igﬁ??ﬁ%b Shase
difference qg]&%ﬁtE?QCSQQ\%§I%,tﬁDd&§§%g§;g§Eé‘lgv t(‘fleaf?%?&” %%edété'&%ﬁ‘%urﬁaff\/‘é‘&f&ﬁé Firguit861is O

(zero), for convenience of descr ustrates an output of the shi circuit 86. (K)

lllustrates asqﬁ%at%af E%%HQ%%@HHJ&&EQH&@-&BCL Dilllbsrates e Quipit oKL atifg;sybtraction

circuit 90. With the phase difference detection signals Pdet 1 and Pdet2 described above, the output
(J) of the shifl,Gircyii 86 igan ipvearsedpdihs.Autpuiite) ofibg digital ddib&onl ReAMPULEK) ¢f the

subtraction circuit 88 is determined by subtracting the output (J) of the shift circuit 86 from the output
(G) of the digjakidFi8lsBiyethis subltactian, ne fuayationsohhigivavelemddugodie The
disturbance-noise is canceled. And, the output (L) of the subtraction circuit 90 is determined by
subtractingdtteab wtputfofrihefrdke fence clatagme iWdey283 frenmtbé thutpus(K flef thensubtsactibn circuit 88
to extract 27 only the touch component. In other words, the output (L) of the subtraction circuit 90 has
the waveforassinpiled to the AdUcivsiateinmseioom (B). [OOTSI ihadditio mhaith ughtEG o1 hillustrates
the case where the frequency of the disturbance noise is close to three times the sampling frequency
of the AID diivierspbinseatient BEherAGLUbBIRg e thetHis dnganehdusingtisrivBAeseetioe for the
case where the frequency of the disturbance-noise is close to odd number times the sampling
frequency. ’Iﬁlﬂ%ﬁéﬁeﬁ-is also true for the case where the frequency of the disturbance-noise is equal to

odd number tim SLE s%n frequen y.§0074 %Case. where there is a disturbance noise at a
frequency IS Lo dVeh HOFBLPIAS (16 SBHE HEUBIRG 18513 12 S HRFRYEhEH Bfarmple o
the capacitye ‘@'j‘i'%%%%%s“é’n?&? G@g‘%‘@? t‘}%’etﬁf}%f ETtL Q??'%%”é@ %ﬂ%g?{ﬂﬁ%?”t 'E‘dﬁgﬁ‘}%o?'}* t%?d llustrates
an example wWhere there is a disturbance-noise at a frequéncy close 10 twice the sampling frequency of
the AID CO%YQH%PE}%‘?%HO” BRFIGS. I1(F) and (G), fluctuation of the waveform caused by the

disturbance-noise appears as being obvious in comparison with FIGs. 9(E) and (F).

Further, the phase relation between the waveforms of FIGs. 11(F) and (G) is

substantially inversed phases to each other. This is caused by that the frequency of the

assumed disturbance-noise is close to three times the sampling frequency of the A/D

conversion section 63. Further, the touch component is included in the output (G) of

the digital LPF 81. Therefore, as will be described later, the phase of the output of the

digital LPF 82 is adjusted so that the phase of the output of the digital LPF 81 and the

phase of the output of the digital LPF 82 are coincident with each other. And, with the

difference between those, it is possible to determine the intended touch detection signal.

[0071] FIG 11(H) iliustrates the noise change amount detection signal AA as being the

output signal of the digital LPF 84, and (I} illustrates the noise change amount detection



[0075] FIG. 12(A) illustrates a waveform of the drive signal Vcom, (B) illustrates the touch state
waveform, (C) illustrates a waveform of the detection signal Vdet2 due to a signal other than the
disturbance-noise, and (D) illustrates a waveform gfthe detection signal Vdet2 due to the
disturbance-noise. The conditions are the same as FIG. 12 to simplify the description and make a
comparison with FIG. 11 easy. [0076] FIG. 12(E) illustrates the six sampling timings in the AID
conversion section 63. (F) illustrates an output of the digital LPF 82, and (G) illustrates an output of the
digital LPF 81. Like FIGs. 11(F) and (G), the fluctuation of the waveform due to the disturbance-noise
appears in £#34. 4B(py hagahemeamivhigaaliqlikéeriarinh Lhk PhasdVieratibs peNgEsAEREs. 12(F)
and (G) is substantially in-phase to each other. This is_ caused by that the frequency of the assumed

disturbancé hbfgi! |6 3% SRR 284 SETBIFI Frét SR REBIRIRG RIS esh PEAS e &b 63.
Further, informati elated to the t h si | is.included i tput f the digital LPF 81.
Thoretore, SOl BRI Tes e hAe S th b A R Ao B3 e htetaa oo that
the ph th t of the digital LPF 8 d th th tput of the digital.L. PE 82
oo B o B e R e B o e

difference hetweerase 07Tl i, 1241} istiates e naise hange amens deiectipnsional AA

as being the output signal of the digital LPF 84, and (l) illustrates the noise change amount detection

signal AB ag heingdhe-eHtpYY Sigmatof ti@?eﬁi%ﬁlé;'ﬂﬁ?ke%%@?@ﬁ?\%ﬂfp%@ ah (2 anek(d) are

compared, the phase relation is substantially in-phase to each other. This is also caused by that the

frequency of theRegumeaddisiwbanepdiRise isTapsatanivice thesspeaating iraguempyaafithe AID
conversion section 63, like the case of (F) and (G). In other words, the phase relation between (F) and

(G) is the sainm alsctiphbbetiféenndd) mnded). (Meamiviitie judtitcettd)aitid () febvand (1) Bhadardly
influenced by the touch component. This means that it is possible to use (H) and (I) when the phase
difference betwéese (#Effarm¢Giléscdetactedunith/ higivas e adysT duethephabeedifférencedetection
circuit 87 detects the phase difference between the noise change amount detection signal AA (H) and
the noise chizige amovirt dutetrorssigat ABN) 2addlsdivsts dhemisasaoithectisipen efak@ digital LPF
82 based on that result (the multiplication circuit 85 and the shift circuit 86). Since the phase relation

between th_%%%e%@rﬁ@lkﬁtﬁﬂl}ea ERU) %@%m&ﬁﬂgﬂviﬁiﬁﬁgﬁg %E%%@h‘é‘r,&ﬁérﬁ ééﬂ%ﬁffe_rence
detecion s Pt 1. 5 b s iy addon, i g e oot
conveniencg; o deSFIRKoRr IPAEHF A 2IARIAES 0. 4R LS S St RO filusuares

difference detection signal Pdetl is —1, as will be described later. In addition, the

phase difference detection signal Pdet2 has a value so that the phase shift amount in the

shift circuit 86 is 0 {zero), for convenience of description.

[0072] FIG 11(]) illustrates an output of the shift circuit 86, (K) illustrates an output

of the subtraction circuit 88, and (L) illustrates the output Dout of the subtraction circuit

0. With the phase difference detection signals Pdet] and Pdet2 described above, the

output (J) of the shift circuit 86 is an inverse of the output (F) of the digital LPF 82.

The output (K) of the subtraction circuit 88 is determined by subtracting the output (J)

of the shift circuit 86 from the output (G) of the digital LPF 81. By this subtraction,

the fluctuation of the waveform due to the disturbance-noise is canceled. And, the

output (L) of the subtraction circuit 90 is determined by subtracting the output of the

reference data memory 89 from the output (K) of the subtraction circuit 88 to extract



29 of the subtraction circuit 88, and (L) illustrates the output Dout of the subtraction circuit 90. With the
phase difference detection signals Pdet 1 and Pdet2 described above, the output (J) of the shift circuit
86 is the same as the output (F) of the digital LPF%2. The output (K) of the subtraction circuit 88 is
determined by subtracting the output (J) of the shift circuit 86 from the output (G) of the digital LPF 81.
By this subtraction, the fluctuation of the waveform due to the disturbance-noise is canceled. And, the
output (14 of the subtraction circuit 90 is determined by subtracting the output of the reference data
memory 89 from the output (K) of the subtraction circuit 88 to extract only the touch compaonent. In
other word§PhE6URHAR By BPEREEubEREHT Birsti 5 RN vaeie FHEmHEP TosiRR tbdth state

waveform (B). [0079]In additjon, although FIG. 12 iIIustE]ates?ﬂq'le case where the frequency of the
disturbancét W@Wg%%qéfﬂﬁi@%%@%g?ﬂﬁﬁﬁ@tﬁéﬁ@ APbfihe AID conversion section 63 without

being “mltiaﬁ}g?ili ggﬂs)d?ei”}{cl)% ¥ %;g{? 0 I%Iﬂs.?ltrma ]:,%ra 'Qset %sgafgvgh‘%%ljeh%%%u%%c ‘yO]Z)E'h%e

disturbanc 0 éven nuambertimes the sampling frequency. r% IS algo true for the

o el aL e AR RAn EAgEe B AMAGEIRAINRL USIG aampIng

frequency.? perations of the phase difference detection circ Next, operations of the

phase diffeggnge, defection.Girgdit8 7wl bedassibag [0081hinifIG: B the phase;difference detection

circuit 87 performs a two-staged phase difference detection. In a first stage, whether the phase relation

between thgpeise chrpgeRMOLH-dRlacIanRSIanals A aRcARIIS the berihiase drlatispordhe inversed
phase relation is detected. In a second stage, the phase difference between the noise change amount
detection signplendA anguiBeis detectedkin mase @etalle case where the frequency of the

disturbance-noise is equal to odd number times the sampling frequency.

[0074] (I} Case where there is a disturbance noise at a frequency close to even

number times the sampling frequency

FIG. 12 is a timing chart example of the capacitive touch panel 40 according to the first

embodiment of the present invention, and illustrates an example where there is a

disturbance-noise at a frequency close to twice the sampling frequency of the A/D

conversion section 63.

[0075] TIG. 12(A) illustrates a waveform of the drive signal Vcom, (B) illustrates the

touch state waveform, (C) illustrates a waveform of the detection signal Vdet2 due to a

signal other than the disturbance-noise, and (D) illustrates a waveform of the detection

signal Vdet2 due to the disturbance-noise. The conditions are the same as FIG. 12 to

simplify the description and make a comparison with FIG. 11 easy.

[0076] FIG. 12(E) illustrates the six sampling timings in the A/D conversion section

63, (I) illustrates an output of the digital LPF 82, and (G) illustrates an output of the

digital LPF 81. Like FIGs. 11(F} and (G), the fluctuation of the waveform due to the

disturbance-noise appears in FIGs. 12(F) and (G). Meanwhile, unlike FIG 11, the

phase relation between FIGs. 12(F) and (G) is substantially in-phase to each other

This is caused by that the frequency of the assumed disturbance-noise is close to twice



[0082]The interpolation circuit 91 performs an interpolation process on the time-series data of the
noise change amount detection signal AA. In FIG. 11, the noise 30 change amount detection signal
AA (H) is generated in the sampling timing A2. Me%fnwhile, the noise change amount detection signal
AB (I) is generated in the sampling timing 82. Thus, a noise change amount detection signal AA2 as
being the data in the sampling timing B2 is generated by an interpolation process based on the
time-series data of the noise change amount detection signal AA. The first phase difference detection
circuit 94 detects the phase relation between the noise change amount detection signals AA and AB

based on tHe tBPEBSdEca RS thaRdE cRaKYE amBEHPB R ctisHEIghAN RAD e t5EGthe-series

data of the noise change amount detection signal AB. As the detection method, for example, a method
in which E(tmlf.@&%h)%%ibaht%sa\cégéé%w HiRHa{EH fayéa?n%é%@hfé’%&,nnf&&rﬁ MfioA%is possible.

e A B A O P smpieen e

when I( AA&IE%%E)S(? ol':f.(tﬁéb‘ gﬁé}%t of the digital LPF 81 and the phase of the output of the digital
LPF 82 are coincident with each other. And, it is possible to determine the intended
touch detection signal by the difference between those.
[00777 FIG 12(H) illustrates the noise change amount detection signal AA as being
the output signal of the digital LPF 84, and (I) illustrates the noise change amount
detection signal AB as being the output signal of the digital LPF 83. When the
waveforms of (H) and (I) are compared, the phase relation is substantially in-phase to
each other. This is also caused by that the frequency of the assumed disturbance-noise
is close to twice the sampling frequency of the A/D conversion section 63, like the case
of (F) and (G). In other words, the phase relation between (F) and {() is the same as
that between (H) and (I). Meanwhile, unlike (F) and (G), (H) and (I) are hardly
influenced by the touch component. This means that it is possible to use (H) and (I}
when the phase difference between (F) and (G) is detected with high accuracy. Thus,
the phase difference detection circuit 87 detects the phase difference between the noise
change amount detection signal AA (H) and the noise change amount detection signal
AB (1), and adjusts the phase of the output of the digital LPF 82 based on that result (the
multiplication circuit 85 and the shift circuit 86).  Since the phase relation between the
waveforms of (FI) and (I) are substantially in-phase to each other, the phase difference
detection signal Pdetl is +1, as will be described later. In addition, the phase
difference detection signal Pdet2 has a value so that the phase shift amount in the shift
circuit 86 is 0 (zero), for convenience of description.

[0078]  FIG 12(}) illustrates an output of the shift circuit 86, (K) illustrates an output



is established, the phase relation between the noise change amount detection signals AA and AB is
the inversed phase relation to each other. The first%%hase difference detection circuit 94 outputs +1 as
the phase difference detection signal Pdet | in the Tase where the phase relation between the noise
change amount detection signals AA and AB is the in-phase relation to each other, and outputs -1 as
the phase difference detection signal Pdet 1 in the case where the phase relation is the inversed
phase relation to each other. [0083] The multiplication circuit 92 multiplies the above-described phase
difference detection signal Pdetl and the noise change amount detection signal AA. Thereby, its output
signal substhftfafiybiasting Gonase aalibh Wigiaes Heisatmiddrbaishntubrysiersgsdignal AB.

The Fourier interpolation circuit 93 performs, for example, a Fourier interpolation process of 10 points

based on tHE-tim:deHEsPRaES SHTREPBEROHST e SEaRSRCRIOR SdF S srabeid - df5cess other
than the Fourier i tion b d as the int lati . d ph
Ciftrence AMHELOL B D TP B P B e B T o e e

of the noise, hanae apgunt detection ek ® and e lesseries, data LS QUEHLA e Fourie

. .0 C?u A . .
interpolation circu S etection met , for example; a methodin whic ime-series data

of the noise,ghange, ameuRLAFIREoN 8T8 A aRddnadime-resies dataat ha,auiof#he Fourier

interpolation circuit 93 are shifted from each other to pérform a subtraction process, and an optimal

phase shift@meunbioMipiniZedheRuRitastian sesutbisdelgrmineddspresiblend heseegnd phase
difference detection circuit 95 outputs information related to this phase shift amount as the phase

difference detedtine sighalbReeR:0084]i(Qparatians wharsbethdheldisiuhanéehnaiseranctthe touch
component are included)
data memory 89 from the output (K) of the subtraction circuit 88 to extract only the
touch component. In other words, the output (L) of the subtraction circuit 90 has the
waveform similar to the touch state waveform (B).
[0079]  In addition, although FIG. 12 illustrates the case where the frequency of the
disturbance noise is close to twice the sampling frequency of the A/DD conversion
section 63, without being limited to this case, the situation is also true for the case
where the frequency of the disturbance-noise is close to even number times the
sampling frequency. Further, it is also true for the case where the frequency of the
disturbance-noise is equal to even number times the sampling frequency.
[0080] (Operations of the phase difference detection circuit 87)
Next, operations of the phase difference detection circuit 87 will be described.
[0081] In FIG 8, the phase difference detection circuit 87 performs a two-staged
phase difference detection. In a first stage, whether the phase relation between the
noise change amount detection signals AA and AB is the in-phase relation or the
inversed phase relation is detected. In a second stage, the phase difference between the
noise change amount detection signals AA and AB is detected in more detail.

[0082] The interpolation circuit 91 performs an interpolation process on the

time-series data of the noise change amount detection signal AA.  In FIG 11, the noise



FIG. 13 illustrates an example of timings of the capacitive touch panel 40 according to this
embodiment. Here, an example where the detection signal Vdet2 includes the touch component, and
the disturbance-noise having a frequency close totice the sampling frequency of the AID conversion
section 63 is illustrated. [0085] FIG. 13(A) illustrates a waveform of the drive signal Vcom, (B)
illustrates a touch state waveform, (C) illustrates a waveform of the detection signal Vdet2 due to a
signal other than the disturbance-noise, and (D) illustrates a waveform of the detection signal Vdet2
due to the disturbance-noise. Here, the detection signal Vdet2 is separately illustrated in (C) and (D)
for conveniekiizofateseriptdeieciine sl wavérbrms oftherdetbdtiomsigaamlidet2igitetérined by
superimposing these, and this 32 superimposed signal is sampled in the AID conversion section 63.
[0086] FIG Metyhilistifte S0 s iR HhiAgs RS IBlc i dididh gepamied3iyMhflustrates
an output of the digital |LPF 82, and (G) illustrates an output of the digital LPF 81. In (F), the waveform
due to the GRRIEHNEEGILE appdirs, MOLMIRIB AR Ui & SHERNTO R eSS iy 4 BErof the
waveform dC{,l% to tte disturban e-nocgsgfnd the W?\ée{jorm duetot (tatouch si%ngl aeapear_ .In (F) and
(G), the pha%ea relation Between he vavefofmes due to the disturbance-rdee is Sistattti ﬁ/ the
in-phase rejafion tr?e?a&{%a%*}eglér NiSis %%%{%gg gé%%%% ths Jreduency. of égxe assumed disturbance-noise
is close to twice the sampling frequency of the conversion section 63. Therefore, the pehase

relation betyegp. e Reise shapgeamauntdeieationsiapasian nelilisiraied ke faiie) and AB

(not illustrated in the figure) is substantially in-phaseto each other. Thereby, the phase difference

detection sigpalRdetkisidd storadditianghe phasediffarrnsdatetionsigirahPdstihasavalue so
that the phase shift amount in the shift circuit 86 is 0 (zero). [0087] FIG. 13(H) illustrates an output of

the shift cirghib 86, (dluRratesan autpuiaf the subirastiandirewtr 88e andst) ) ilustsatasoihe output
Dout of the subtraction circuit 90. With the phase difference detection signals Pdetl and Pdet2

described aktyeidinesiputpur[H) ofthehshiftteinduit 6ciaaimilar toxtmepbtpun{Ehod the difithl LPF 82.
The output (1) of the subtraction circuit 88 is determined by subtracting the output (H) of the shift circuit
86 from thex6 U\ (G} Of thé Bigited 1-PIBS) aBycimibubtrarbomtire fluctvagonidt thiaiavesorm due to
the disturbance-noise is canceled. And, the output (J) of the subtraction circuit 90 is determined by
subtractingBpEiBlfpulbp thRy tEpsdenvaata memory 89 from the output (1) of the subtraction circuit 88
to extract on%ﬁt}he touc comigonent. In other words, the output waveform (J) of the subtraction circuit

90 is similattothe 16fn StateAsveddn (B).

is established, the phase relation between the notse change amount detection signals AA
and AB is the in-phase relation to each other. Meanwhile, when

3(| AA2+AB|) < 3(| AA2-AB )

is established, the phase relation between the noise change amount detection signals AA
and AB is the inversed phase relation to each other. The first phase difference
detection circuit 94 outputs +1 as the phase difference detection signal Pdetl in the case
where the phase relation between the noise change amount detection signals AA and AB
is the m-phase relation to each other, and outputs —1 as the phase difference detection
signal Pdet] in the case where the phase relation is the inversed phase relation to each
other.

[0083] The multiplication circuit 92 multiplies the above-described phase difference
detection signal Pdetl and the noise change amount detection signal AA. Thereby, its

output signal substantially has the in-phase relation with the noise change amount



33 [0088] (Experimental example when both the disturbance noise and the touch component are
included) FIG. 14 illustrates an experimental example of operations of the capacitive touch panel 40.
(A) illustrates that only the touch component is extracted from the waveform of the disturbance-noise,
and the waveform of the disturbance-noise and the touch component. (B) illustrates an example of
binarization to a detection signal in the plurality of touch detection electrodes of the touch sensor. (C)
illustrates a detection example of a touched position on the touch panel, by the binarization illustrated
in (B). [0089] [Effects] As described above, in this embodiment, when the detection signal Vdet2 is
sampled, adcifssnateemidd. 6, irtheurrscEmplriytrirgstAl topsdamheOICRIBGIehE rise of the
drive signal Vcom are set immediately before that rise. Meanwhile, in the three sampling timings in the

vicinity of tA@YEROIHRE ARVELRINGF P Y BPIaRPBF SRR SBS tiBIet i Bl REH HERPELAR fall of the
drive signal,Vcom, and B3 is.set. immediately. after the fall. Thus, the ling outputs.in.Al to A3

include tho BRI Hi e oA RGHo AT ETES B3 T CR  (BL R LBl Bonent and
the disturbance-noise _c%rgpon%ntass%rit is oss'&b{e to determ.ineltﬁee ggr&e}ldfor toucq. tection by that

difference.%%‘g(s)f Fur er, itulssepos';‘i & t0 reduce the disturbance-noise con’?&gﬁeen "and fimit the

frequency band,ghihe Signakiabe o 2 Inangmal (e SATAIMR DY BHGND dhe dgial LPF in the

subsequent stage of the sampling circuit. Thus, the computation circuit determining the signal for touch

detection by,calgriating,the differencadsrsimpliiech ALLAIANY INGEITGHIL SIICUER Syt touch
detection is reduced in size, and the accuracy of the touch detection is improved. [0091] Further, it is
not necessaiiynia seaueniialiyrswitehotagdregrency3of the tiiveetddion method, for example, a

method in which the time-series data of the noise change amount detection signal AB

and the time-series data of the output of the Fourier interpolation circuit 93 are shifted

from each other to perform a subtraction process, and an optimal phase shift amount to

minimize the subtraction result is determined is possible. The second phase difference

detection circuit 95 outputs information related to this phase shift amount as the phase

difference detection signal Pdet2.

{0084} (Operations when both the disturbance-noise and the touch component are

included)

FIG. 13 illustrates an example of timings of the capacitive touch panel 40 according to

this embodiment. Here, an example where the detection signal Vdet2 includes the

touch component, and the disturbance-noise having a frequency close to twice the

sampling frequency of the A/D conversion section 63 is illustrated.

[0085] FIG 13(A) illustrates a waveform of the drive signal Vcom, (B) illustrates a

touch state waveform, (C) illustrates a waveform of the detection signal Vdet2 duc to a

signal other than the disturbance-noise, and (D) illustrates a waveform of the detection

signal Vdet2 due to the disturbance-noise. Here, the detection signal Vdet2 is

separately illustrated in (C) and (D) for convenience of description. The actual

waveform of the detection signal Vdet2 is determined by superimposing these, and this



signal to select the detection conditions like the related art, and itis possible to shorten the detection
time. [0092] [Modifications of the first embodimentr]?éModification 1-1) In the above-described
embodiment, although the touch component is exttécted in the timing in the vicinity of the fall of the
drive signal Vcom, instead of this, the touch component may be extracted in the timing in the vicinity of
the rise of the drive signal Vcom. [0093] (Modification 1-2) in the above-described embodiment,
although the polarity-alternating waveform in which the duty ratio is slightly shifted from 50% is used
as the waveform of the drive signal Vcom, it is not limited to this, and instead of this, the waveform
including tABPsERARHl tEmmalifgwaREb i A B v RilmeH e dhases are shifted from each

other may be used, f le, asill ted in FIG. 24. In thi N le, th li
timing may!B&5fe I£I]0§rT eé)éaﬁg))p}ﬁ?%%eg%gf%f[%%ﬂﬁ?%?@g?@g?éﬁfﬁ&&e% %{éﬂ %ﬂﬂﬁ%ﬁsﬁ?ggl,g\?to A3

are positioned | diately before the rise of.the polarity;alternati of YI..M hile, in th
three sam&??‘rgdﬁi‘rrﬂj §r§%%’ I?éw%li %%al%glé{%(%t ?rirﬁrﬁg%’iaat%ﬁly@ fggévst Vae?er%);%no?ut él?%@%é e
polarity-alternati veform Y1, and [ gioned i djately: ri in FIG.
(D), al e L Stng A AT A e e e bEtorg She 1ol aFine

polarity-altfaghing yavgf tg;)@hé“@@@%ﬁ I fhetiiee sampling 4ings 84:10 B3. B4 and B2 exist

immediatgly before th_e fal_ the polarity-alternating waveform YI, and B3 is positioned immediately
after the risg sMemuiiLIRissHuREREfSRP 88Dl iBORIadR thesamseffectsiasithembavg-described

embodiment. Further, since it is possible to make the sampling period longer compared with the case

of the 35 the phase relation between the waveforms due to the disturbance-noise is substantially
the in-phase relation to each other.  This is caused by that the frequency of the assumed
disturbance-noise is close to twice the sampling frequency of the A/D conversion
section 63. Therefore, the phase relation between the noise change amount detection
signals AA (not illustrated in the figure) and AB (not illustrated in the figure) is
substantially in-phase to each other. Thereby, the phase difference detection signal
Pdet] is +1. In addition, the phase difference detection signal Pdet2 has a value so that
the phase shift amount in the shift circuit 86 is 0 (zero).
[0087] FIG. 13(H) illustrates an output of the shift circuit 86, (I) illustrates an output
of the subtraction circuit 88, and (J) illustrates the output Dout of the subtraction circuit
90. With the phase difference detection signals Pdetl and Pdet2 described above, the
output (H) of the shift circuit 86 is similar to the output (F) of the digital LPF §2. The
output (I) of the subtraction circuit 88 is determined by subtracting the output (H) of the
shift circuit 86 from the output (G) of the digital LPF 81. By this subiraction, the
fluctuation of the waveform due to the disturbance-noise is canceled. And, the output
(1) of the subtraction circuit 90 is determined by subtracting the output of the reference
data memory 89 from the output (I) of the subtraction circuit 88 to extract only the
touch component. In other words, the output waveform (J) of the subtraction circuit

00 is similar to the touch state waveform (B).



above-described embodiment (FIG. 6), it is possible to reduce the current consumption of the A/D
conversion section 63 or the like. Further, unlike the case of the above-described embodiment (FIG.
6(A)), in the waveform (FIG. 24(A)) of the drive sighal Vcom according to this modification, time spans
of different polarities can be equalized in the period with the polarity-alternating waveforms Y1 and Y2.
Therefore, the time average value (direct current level) is equal in an odd number frame and an even
number frame without changing the duty of the both polarities in one frame, and the drive signal Vcom
is easily generated, for example, even in the case where the Vcom generation section 41 supplies the

drive signal Ycth td ixedenentaplexernax andieheolichilse tsspd8iyy A Eriventhréig o

capacitance. [0094] Although the polarity-alternating waveforms Y1 and Y2 each are the
polarity-alt€i?iaRABWaAEfd & Bne period in FIG. 24, it is not limited to this, and, for example, may be
a polarity-alternatin%waveform of two or more periods, Thereby, it is possible to further increase the

sampling pefitid, Bhid 1S EAT AT FEERIeS (ReoRSFAORE SRR BT tHE AT Eoversion
tion 63 qr.the li 00951 <3. S badi t> Next, th iti h | ding t
oo e oA S R e
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the first embodiment. fructural example] (Overall structural example) FIG. 15 illustrates a

structural exampie.gl a ¢ARasHvEoUGh RANE!1EQ,AGaaLAING:Io the ,é%@&i‘éﬁ‘@%ﬁ?qﬂtﬁfethe, present
invention. The capacitive touch panel 140 includes a Vcom generation section 1471, the demultiplexer
42, the tougin$8NSOsABulttedetection electrodes of the touch sensor. (C) illustrates a detection

example of a touched position on the touch panel, by the binarization illustrated in (B).

{0089] [Effects]

As described above, in this embodiment, when the detection signal Vdet2 is sampled,

as illustrated in FIG. 6, all the three sampling timings Al to A3 in the vicinity of the rise

of the drive signal Vcom are set immediately before that rise. Meanwhile, in the three

sampling timings in the vicinity of the fall of the drive signal Veom, Bl and B2 are

positioned immediately before the fall of the drive signal Vcom., and B3 is set

immediately after the fall. Thus, the sampling outputs in Al to A3 include the

disturbance-noise, and the sampling outputs in B1 to B3 include the touch component

and the disturbance-noise component, so it is possible to determine the signal for touch

detection by that difference.

[0090] Further, it is possible to reduce the disturbance-noise component and limit the

frequency band of the signal to be in a low range at the same time by introducing the

digital LP¥ in the subsequent stage of the sampling circuit. Thus, the computation

circuit determining the signal for touch detection by calculating the difference is

simplified. Accordingly, the circuit structure for the touch detection is reduced in size,

and the accuracy of the touch detection is improved.

[0091] Further, it is not necessary to sequentially switch the frequency of the drive



36 multiplexer 44, the detection section 45, a timing control section 146, and the resistance R. [0097]
The Vcom generation section 141 is a circuit generating the drive signal Vcom which drives the touch
sensor 43. [0098] The timing control section 146 is*4 circuit controlling operation timings of the Vcom
generation section 141, the demultiplexer 42, the multiplexer 44, and the detection section 45. [0099]
In this embodiment the Vcom generation section 141 and the timing control section 146 are different
from those of the first embodiment. Specifically, the waveform generated by the Vcom generation
section and the sampling timing in the AID conversion section, controlled by the timing control section,
are differerftifiintehesdecbtihddipstiombporittiens. like phetivielpd et 0a)diGs resiibderacheriwaveform (A)

of the drive signal Vcom and a waveform (B) of the detection signal Vdet2, and a sampling timing in
the AID conbef§isRLEtBI 63. [0101] The waveform of the drive signal Vcom is a repeated signal with
the periods T, in which a section of a first polarity-alternating waveform having a first amplitude, and a

section of a[%%gc%nd[wgmﬁéﬂﬁé‘ﬁfgtmﬁ ralBrhad6AHg a second amplitude different from the firs(

amplitude ar Iée]é_na%ed. Tli;? first polarity-alternating waveform starts from the fall, and its amplitude
(the first am% 50%15{%1? Ithough the second polarity-alternating waveform also starts from the fall

isr;gtzgl S\f‘ drgfzﬂl?jgé‘v%\?g%%@cﬁé&%@ﬁ?ﬁ&ﬁ%ﬁﬂ dAMRIAR) dS. R AR & WavEIRIM Ofhe detection
timing in the vicinity of the fall of the drive signal Vcom, instead of this, the touch
component may be extracted in the timing 1n the vicinity of the rise of the drive signal
Veom.
[0093] (Modification 1-2)

In the above-described embodiment, although the polarity-alternating waveform in
which the duty ratio 1s shightly shifted from 50% 1s used as the waveform of the drive
signal Vcom, it is not limited to this, and instead of this, the waveform including two
polarity-alternating waveforms Y1 and Y2 in which the phases are shifted from each
other may be used, for example, as illustrated in FIG. 24.  In this case, for example, the
sampling timing may be like FIG 24(C), or like FIG 24(D). In FIG 24(C), all the
three sampling timings Al to A3 are positioned immediately before the rise of the
polarity-alternating waveform Y1. Meanwhile, in the three sampling timings Bl to B3,
Bl and B2 exist immediately before the rise of the polarity-alternating waveform Y1,
and B3 is positioned immediately after the rise. Further, in FIG. 24(D), ali the three
sampling timings Al to A3 are positioned immediately before the fall of the
polarity-alternating waveform Y1. Meanwhile, in the three sampling timings Bl to B3,
Bl and B2 exist immediately before the fall of the polarity-alternating waveform Y1,
and B3 is positioned immediately after the rise. Even with this structure, it is possible

to obtain the same effects as the above-described embodiment. Further, since it is

possible to make the sampling period longer compared with the case of the



the drive signal Vco , and has an amplitude according to the electrostatic capacitance between the
drive electrode 53 and the touch detection electrode 55. In other words, 37 the detection signal Vdet2
has a waveform with a large amplitude in the state’here the finger or the like is not in contact with, or
not in proximity to the touch panel. Meanwhile, the detection signal Vdet2 has a waveform with a small
amplitude in the state where the finger or the like is in contact with or in proximity to the touch panel.
[0103] The six sampling timings illustrated in FIG. 16(C) are synchronized with the drive signal Vcom,
and their respective sampling frequencies fs are the same as an inverse of the period T of the drive
signal Vcorab(0a-04}THbeé eatmplingnintiigs @xistithpessiylatifedaafadsmugehceimapiipthe vicinity
of the rise of the first polarity-alternating waveform and in the vicinity of the rise of the second
polarity-altéthding Wav SRRSOt S e sfhaNVEBmiKthe thredSanmipliig thfingsalcAZhand A3 are

set in time order in the_ vicinity of the rise of the first polarity-alternating waveform. Meanwhile, the

three sampiPRy Brificeisd, BB odmpess Gritis O h kire BrodrrtRER ittty -ofthd G515t HiE'Second

olarity-alternating waveform,. : : . . . .
P y 51gnall %com according to this modification, time spans of different polarities can be

equalized in the period with the polarity-alternating waveforms Y1 and Y2. Therefore,
the time average value (direct current level) is equal in an odd number frame and an
even number frame without changing the duty of the both polarities in one frame, and
the drive signal Vcom is easily generated, for example, even in the case where the
Vcom generation section 41 supplies the drive signal Veom to the demultiplexer 42 and
the touch sensor 43 by AC drive through the capacitance.

[0094] Although the polarity-alternating waveforms Y1 and Y2 each are the
polarity-alternating waveform of one period in FIG 24, it 1s not limited to this, and, for
example, may be a polarity-alternating waveform of two or more periods. Thereby, it
is possible to further increase the sampling period, and it is possible to further reduce
the current consumption of the A/D conversion section 63 or the like.
[0095] <3. Second embodiment>

Next, the capacitive touch panel according to a second embodiment of the present
invention will be described. In addition, same reference numerals will be used for
components substantially identical to those of the capacitive touch panel according to
the first embodiment.
[0096] [Structural example]

{Overall structural example)

FIG. 15 illustrates a structural example of a capacitive touch panel 140 according to the
second embodiment of the present ivention. The capacitive touch panel 140 includes

a Vcom generation section 141, the demultiplexer 42, the touch sensor 43, the



[0105]The time difference between these sampling timings corresponding to the vicinity of the rise of
the first polarity-alternating waveform and the rise of the second polarity-alternating waveform,
respectively, is half period T of the drive signal Vcéfh. In other words, the time difference between the
sampling timings Al and B1, the time difference between the sampling timings A2 and B2, and the time
difference between the sampling timings A3 and B3 are T/2, respectively. [0106]In the three sampling
timings in the vicinity of the rise of the first polarity-alternating waveform, Al and A2 are positioned
immediately before the rise, while A3 is positioned immediately after the rise. In the same manner, in
the three sampiplgtmidg®mdeiecliemsc bt risdioitis sacohtepetariyoaredifitneswivstorm, B1
and B2 are positioned immediately before the rise, while B3 is positioned 38 immediately after the
rise. [0107FHere, the subtraction circuits 77 and 78 are focused. In FIG. 16, the subtraction circuit 77
subtracts a_sampled result of the detection signal VVdet2 in the sampling timing B2 from_a sampled
result of thé8§g?5cti A% ?P&P\ﬁ&@?ﬁafh"fh%e%‘é?ﬁp%]glﬁﬁmﬁ%&‘é‘é:‘é%‘ﬁ Bt dHECoUgats M thange of
the detectiorhsigra%lVVdth due to the rigf of the second polarity-alternating waveform of the drive

signal Veom. Meanw |Ie1,etf10eu%iﬁ5ﬁlasg{ion'circuit 78 subtracts a sampled result of the detection signal

Vdet2 in thﬁglﬁfgjep'i‘f‘ﬁetiﬁﬁiﬁér}‘x%%fé%ﬁ%’orgs%&@%‘@'féji??ﬁgléc%t”&%rﬂ%ﬁ%g’lﬂ %%%\;%Yﬂ'ﬁﬁ?%ﬁotﬁﬁléamp"”g

timing A3, tects an tputs the change o etection sign ue to the rise of the first

polarity-alterpating wavelgtm.ofiihe duye aignal Maaipr-thereiors, dhe SubiReHomCIngtsy/ and 78

output signals having different magnitudes corresponding to the change amount of each rise edge of
the first and sesondpelaity<alternating waveforms in the drive signal Vcom. In other words, although
the outputs of the subtraction circuits 77 and 78 include the touch component, their signals have

different magmittides: Herenfbdliessthettasavwhearentheridistsubance4ioise iinghudeddontiael detection

signal Vdet2 will be considered. In this case, the noise component is included in both the output
signals of thecsabtrbdtionciritiitseniv aren7 8idsherdfahe, disawvikibeadidserbed Saterfitad possible to
remove the disturbance-noise component, and determine the intended touch detection signal by
calculating WedifferaroebetvberitheVsatpesiatpofwsisnbawt fon sireplin? 7tiamdghe owtput signal
of the subtraction circuit 78. o ] N

A/D conversion section, controlled by the timing control section, are different from

those of the first embodiment, respectively.

[0100] FIG. 16 illustrates a waveform (A) of the drive signal Vcom and a waveform

(B) of the detection signal Vdet2, and a sampling timing in the A/D conversion section

63.

[0101] The waveform of the drive signal Vcom is a repeated signal with the periods T,

in which a section of a first polarity-alternating waveform having a first amplitude, and

a section of a second polarity-alternating waveform having a second amplitude different

from the first amplitude are alternated. The first polarity-alternating waveform starts

from the fall, and its amplitude (the first amplitude) is 2Va. Although the second

polarity-alternating waveform also starts from the fall in the same manner,, its

amplitude (the second amplitude) is Va.

[0102] The waveform of the detection signal Vdet2 is a waveform synchronized with

the drive signal Vcom, and has an amplitude according to the electrostatic capacitance

between the drive electrode 53 and the touch detection electrode 55. In other words,



[0108] Here, a circuit portion constituted of the A/D conversion circuits 74 to 76 which perform
samplings in the sampling timings B1 to B3, and the subtraction circuit 77 corresponds to a specific
example of "a first sampling circuit" in the present fivention. In other words, the output of the
subtraction circuit 77 corresponds to a 39 specific example of "a first series of sampling signal
including a signal component with first level and a noise component” in the present invention.
Meanwhile, a circuit portion constituted of the AID conversion circuits 71 to 73 which perform
samplings in the sampling timings Al to A3, and the subtraction circuit 78 corresponds to a specific
example ofthg dewondnssianglindeirchit invtrecprovenithrbndornplotieriwdrd staleerdgtpubof the
subtraction circuit 78 corresponds to a specific example of "a second series of sampling signal
including a sig§al YofhipoEhtivitesé oititigtieMdiffe fintflon tRECfiiBH[EvVE] el tRBchoRE@omponent”
in the present invention. [0109] [Operations and actions] (Operations when both the disturbance-noise

and the toutdFRBMIHENEHt SFEeTHATRHIREIGIY MRt O STax bR TRty IdRditdiacitive
touch panel 140 according to this empodiment. Here, an example where the detection signal Vdet2
incutes tra TSI G S OIS B SR PV STt ety S tmes the
sampling fr cy,Qf the AID conversion section 63 is llustr 011QJFIG. 17(A).illustrates a

orm G s TR S R A L s R et o o

waveform rive sigha ouch state wa

the detectiopsiougl¥iei2 e o asignal et than e diswipance: aisg.2nd (D llusgtes @

waveform of the détection signal Vdet2 due to the disturbance-noise. Here, the detection signal Vdet2
is separately.ilustiated i) anceh) orcvenierss, of description. The actual waveform of the

detection signal Vdet2 is determined by superimposing these, and this superimposed signal is

sampled infthg#AID comersipn seetiamids exist three by three, adjacent to each other in the
vicinity of the rise of the first polarity-alternating waveform and in the vicinity of the
rise of the second polarity-alternating waveform of the drive signal Vecom. The three
sampling timings Al, A2, and A3 are set in time order in the vicinity of the rise of the
first polarity-alternating waveform. Meanwhile, the three sampling timings Bl, B2,
and B3 are set in time order in the vicinity of the rise of the second polarity-alternating
waveform.
[0105]  The time difference between these sampling timings corresponding to the
vicinity of the rise of the first polarity-alternating waveform and the rise of the second
polarity-alternating waveform, respectively, is half period T of the drive signal Vcom.
In other words, the time difference between the sampling timings Al and B1, the time
difference between the sampling timings A2 and B2, and the time difference between
the sampling timings A3 and B3 are T/2, respectively.
[0106] In the three sampling timings in the vicinity of the rise of the first
polarity-alternating waveform, Al and A2 are positioned immediately before the rise,
while A3 is positioned immediately after the rise. In the same manner, in the three
sampling timings in the vicinity of the rise of the second polarity-alternating waveform,

Bl and B2 are positioned immediately before the rise, while B3 is positioned



[0111] FIG. 17(E) illustrates the six sampling timings in the AID conversion section 63, (F) illustrates
an output of the digital LPF 82, and (G) illustrates an output of the digital LPF 81. In both (F) and (G),
the waveforms each expressing the sum of the wa¥eform due to the disturbance-noise and the
waveform due to the touch signal appear. 40 However, the waveforms due to the touch signal are
different from each other in magnitude in (F) and (G). Meanwhile, in the wavefoi ins due to the
disturbance noise, the phase relation between (F) and (G) is substantially in-phase to each other. This
is caused by that the frequency of the assumed disturbance-noise is close to four times the sampling
frequency ofitheddBlgafigetsionissection 63. Therefore, the phase relation between the noise change
amount detection signals AA (not illustrated in the figure) and AB (not illustrated in the figure) is
substantialif i-Phadécts. eheh e THerabsuithePhase diffetthde disisktiohsighal Peedis +1. In
addition, the phase difference detection signal Pdet2 has a value so that the phase shift amount in the
shift circuit %gﬁ@@‘%%?‘ﬂfr?ﬁéﬁ@ﬁ%ﬁiénﬁ?@@%e@e%‘?ﬁiﬁ% e 19oetien gl i tradds A output of

the shift circuit 86, (1) illustrates an output qQf the suhtraction circuit 88, and (J) illustrates.the output
Dout o the SUAETIAER i ST B SR LMol B GBSt S g s Bt SHE itto

described above, the outp ) of the shift circuit 86 is simil h t t igital LPF 82.
The olutputa% (ﬁll\é\gtlgé"sﬁ%#rg%ég% élr}éuol @Eé%ggt%%%%ga%g@és% gg?)gt%%?%gsu 5 fcﬁ%ﬁg {E% %lgt{éa% shift circuit
86 from 10e SURHKERL LIRS AIBIGL ek it P0G SHPURRIIORS I ugiuatian. of fewystorm due o

the disturbance-noise Is ca A Subtraction circuit 90 subtracts the output of the reference

data memogy. 83T HIEALIRHY ) i S HRERAGHAN CRALE B LUOMRISHRE U IR ingluding only

the touch component. In other words, the output (J) of the subtraction circuit 90 has the waveform
similar to thgigust statewayefern.(Bininaddiion, pperatienssf athel Rade araibesamagas the first

embodiment. [0113] [Effects] As described above, in this embodiment, when the detection signal
Vdet2 is saripieg /a5 dhubttatetsinikdl Guthoisiththehthrge gampliagdiningighalthvelsitidity of dxe rise of the
rise of the first polarity-alternating waveform of the drive signal Veom. Therefore, the
subtraction circuits 77 and 78 output signals having different magnitudes corresponding
t0 the change amount of each rise edge of the first and second polarity-alternating
waveforms in the drive signal Vecom. In other words, although the outputs of the
subtraction circuits 77 and 78 include the touch component, their signals have different
magnitudes. Here, further, the case where the disturbance-noise is inciuded in the
detection signal Vdet2 will be considered. In this case, the noise component is
inchuded in both the output signals of the subtraction circuits 77 and 78.  Therefore, as
will be described later, it is possible to remove the disturbance-noise component, and
determine the intended touch detection signal by calculating the difference between the
output signal of the subtraction circuit 77 and the output signal of the subtraction circuit
78.
[0108] Here, a circuit portion constituted of the A/D conversion circuits 74 to 76
which perform samplings in the sampling timings Bl to B3, and the subtraction circuit
77 corresponds to a specific example of “a first sampling circuit” in the present

invention. In other words, the output of the subtraction circuit 77 corresponds to a



41 first polarity-alternating waveform of the drive signal Vcom, Al and A2 are set immediately before
that rise, while A3 is set immediately after the rise. In the same manner, in the three sampling timings
in the vicinity of the rise of the second polarity-alte:?ﬁating waveform of the drive signal Vcom, B1 and
B2 are set immediately before the rise, while B3 is set immediately after the fall. Thus, the sampling
outputs in Al to A3 include the touch component with a predetermined magnitude and the
disturbance-noise component, and the sampling outputs in B1 to B3 include the touch component with
a magnitude different from that of the touch component in the sampling outputs in Al to A3, and the
disturbancénssife cEReYRifors i firpostiptefcenntisrrenakitsbihes hyrbempisat BitRalculating
the difference between those, and it is possible tg determine the intended touch_detection signal. Other

effects are el da¥sb #iie R2i8e BPTHORFEE eribBHIMERET0 11TNMBdifi EATBIEdF the SEEhd
embodiment] (Modification 2-1) . In above-described embodjment, in both the first.and.second
polarity-alté ch%yé‘f&‘ié)ﬂ?P‘&grﬁ?@‘é%ﬂgp\%éﬁﬁsa Sugh n%%@gﬁg%%s&%émgg Bxtracted in
the timing ip the vicinity of the rise, instead of this, the touch.compgnent may he extracted in the timing
in the vicini yeosfafﬁ%cll 15 %ﬁlﬁgsd%‘?\fet%é%eaﬂfgéhrﬁ .sfhb%élggs%,r%lk%r?cfgeﬁggn r?vtéJ giSPl%ﬁl /éom may

nave (e WEYSIHT ala%i og:fiomdne e inhath edishand srcanddolaiibalia aaing waveforms.

[0115] (Modi lon 2-2) "Further, for example, in the above-described embodiment, although the

amplitude of the: fistiRalarituaitercaling yiaveietp Ridhe Adye gignak MpRmn is dwice iheamplitude of
the second polarity-alternating waveform, instead of this, the amplitude of the first polarity-alternating
waveform ay.Re Bt ta LR emyiogmber dighes epmmplitudaiotdbend level different from the
first leve! and the noise component™ in the present invention.
[0109] [Operations and actions]
{Operations when both the disturbance-noise and the touch component are included)
FIG. 17 illustrates an example of timings in the capacitive touch panel 140 according
to this embodiment. Here, an example where the detection signal Vdet2 includes the
touch component, and the disturbance-noise having a frequency close to four times the
sampling frequency of the A/D conversion section 63 is illustrated.
[0110]  FIG 17(A) illustrates a waveform of the drive signal Vcom, (B) illustrates a
touch state waveform, (C) illustrates a waveform of the detection signal Vdet2 due to a
signal other than the disturbance-noise, and (D) illustrates a waveform of the detection
signal Vdet2 due to the disturbance-noise. Here, the detection signal Vdet2 is
separately illustrated in (C) and (D) for convenience of description. The actual
waveform of the detection signal Vdet2 is determined by superimposing these, and this
superimposed signal is sampled in the A/D conversion section 63.
[01117 FIG 17(E) illustrates the six sampling timings in the A/D conversion section
63, (F) illustrates an output of the digital LPF 82, and (G) illustrates an output of the

digital LPF 81. In both (¥) and (G), the waveforms each expressing the sum of the

waveform due to the disturbance-noise and the waveform due to the touch signal appear.



42 second polarity-alternating waveform, as long as the multiple number is not 1. In other words, the
multiple number may be larger than 1, or smaller than 1. For example, as illustrated in FIGs. 18 and
19, the amplitude of the first polarity-alternating wakeform of the drive signal Vcom may be zero times
the amplitude of the second polarity-alternating waveform [0116] <4. Third embodiment> Next, a
display device with an electrostatic capacitance type touch detection function according to a third
embodiment of the present invention will be described. In addition, same reference numerals will be
used for components substantially identical to those of the capacitive touch panels according to the
first and setvdernbidimentscand desciiption wilkbestmwiitente [l [Stivotured@xahpte](Overall
structural example) FIG. 20 illustrates a structural example of a display device with an electrostatic
capacitanc&fgieitdach detesddvfunddernbo adadhding s athite dmibsdimenbaichagpsesent
invention. The capacitive touch panel 240 includes the Vcom generation section 41 (141), a
demultipleX&f 2iesaraiapny sdeaen T2t iitIBXap i Dol adtiting seeligrius, tHdiniing control
section 46 (146), wd the resjstance R. Here, the timing control section 46 is used in the case where
t

the Vcom géiSratdn e isA1UEnGEed, By 18Ut SRS aIsh 11 4607 (ReePIE S lge where

he Vcom generati ion 141 is used. . . .
the Vo gs%mepﬁ;%g rh%%ﬁ%r?cy oF e AﬁDd conversion section 63. Therefore, the phase relation

between the noise change amount detection signals AA (not illustrated in the figure) and
AB (not illustrated in the figure) is substantially in-phase to each other. Thereby, the
phase difference detection signal Pdetl is +1. In addition, the phase difference
detection signal Pdet2 has a value so that the phase shift amount in the shift circuit 86 is
0 (zero), for the convenience of description.
[0112] FIG 17(H) illustrates an output of the shift circuit 86, (1) illustrates an output
of the subtraction circuit 88, and (J) illustrates the output Dout of the subtraction circuit
80. With the phase difference detection signals Pdetl and Pdet2 described above, the
output (H) of the shift circuit 86 is similar to the output (F) of the digital LPF 82. The
output (1) of the subtraction circuit 88 is determined by subtracting the output (H) of the
shift circuit 86 from the output (G) of the digital LPF 81. By this subtraction, the
fluctuation of the waveform due to the disturbance-noise is canceled. And, the
subtraction circuit 90 subtracts the output of the reference data memory 89 from the
output (I) of the subtraction circuit 88 to output the output (J) including only the touch
component. In other words, the output (J) of the subtraction circuit 90 has the
waveform similar to the touch state waveform (B). In addition, operations of other
parts are the same as the first embodiment.
[0113] [Effects]

As described above, i this embodiment, when the detection signal Vdet2 is sampled,

as illustrated in FIG. 16, in the three sampling timings in the vicinity of the rise of the



[0118]When the drive signal Vcom supplied from the Vcom generation section 41 or 141 is supplied to
the plurality of drive electrodes of the display section 243 one after another, which will be described
later, the demultiplexer 42 is a circuit switching its $lipply destination. 43 [0119] The display section
243 is a device including the touch sensor 43 and a liquid crystal display device 244. [0120] A gate
driver 245 is a circuit supplying, to the liquid crystal display device 244, a signal for selecting a
horizontal line to be displayed on the liquid crystal display device 244. [0121] A source driver 246 is a
circuit supplying an image signal to the liquid crystal display device 244. [0122] (Structural example of
the display Sesttipplazigg)alternating waveform of the drive signal Vcom, Al and A2 are set
immediately before that rise, while A3 is set immediately after the rise. In the same
manner, in the three sampling timings in the vicinity of the rise of the second
polarity-alternating waveform of the drive signal Vcom, B1 and B2 are set immediately
before the rise, while B3 is set immediately after the fall. Thus, the sampling outputs
in Al to A3 include the touch component with a predetermined magnitude and the
disturbance-noise component, and the sampling outputs in Bl to B3 include the touch
component with a magnitude different from that of the touch component in the sampling
outputs in Al to A3, and the disturbance-noise.  Therefore, it is possible to cancel the
disturbance-noise component by calculating the difference between those, and it is
possible to determine the intended touch detection signal. Other effects are the same
as the case of the first embodiment.
[0114] [Modifications of the second embodiment]
(Modification 2-1)
in the above-described embodiment, in both the first and second polarity-alternating
waveforms in the drive signal Vcom, although the touch component is extracted in the
timing in the vicinity of the rise, instead of this, the touch component may be extracted
in the timing in the vicinity of the fall of the drive signal Vcom. In this case, in FIG.
16, the drive signal Vcom may have the waveform starting from the rise in both the first
and second polarity-alternating waveforms.
[0115] (Modification 2-2)
Further, for example, in the above-described embodiment, although the amplitude of
the first polarity-alternating waveform of the drive signal Veom is twice the amplitude

of the second polarity-alternating waveform, instead of this, the amplitude of the first

polarity-alternating waveform may be set {o be any-number times the amplitude of the



FIG. 21 illustrates an example of the cross-sectional structure of a main part of the display section 243
according to the third embodiment of the present invention. The display section 243 includes a pixel
substrate 2, a facing substrate 5 arranged to face e pixel substrate 2, and a liquid crystal layer 6
inserted between the pixel substrate 2 and the facing substrate 5. [0123] The pixel substrate 2
includes a TFT substrate 21 as a circuit substrate, and a plurality of pixel electrodes 22 disposed in
matrix on the TFT substrate 21. Although not illustrated in the figure, wirings such as a source line
supplying a pixel signal to a TFT (thin film transistor) of each pixel and each pixel electrode, and a gate
line drivingsegetiTIoTasie-ffpiedling tHavRiPBUbSHdfn2 1asAlBe . tHEUPET BubbtFate 24t may Be formed to
include a part of, or a whole circuit illustrated in FIG. 20 in additioﬁ%gOlM] The facing substrates
includes a §iB&s oS de BEIRIEINPRES Y R EFOHThe RIcE fidiiads sliBsE5EBIE-and a drive
electrode 53 formed on the color filter 52, The color filter 52 is, for example, configured by periodically
aligning coftr HItETIALEr ot %ﬁ?%e 81078 réd ‘&ﬁ),'ﬁ?@%?]ﬁ )f}gnt(}}eblgésf)B??%’&ytﬁ%EWén@olors of R,
G, and B correspond tp a set in each display pixel.,The drive electrode 53 is alsp commonly used as a
(v elocBAGELH Tl oLt GBS OH p UG e (5 TRt o e Lo A B responc
to the drive (o |.in FI The drive electrode 53 is connected to the TFT substrate 21 by a
contact cor?glljgc%bféggg%%{%n‘? .%g%ﬁ\ﬁ;é signal Vcom with the alternating rectangular waveform is
applied fro%f@g]TFg&sygﬁg%}ﬁt%ﬁﬁéHg drive electrode 53 through the contact conductive column 7.
The drive signal’'Vcom defines a pixel voltage applied to the pixel electrode 22 and a display voltage of
each pixel, but,ig algpssRMMANY waad Asahvasignabatitgdoush sengouclhesiiivesignal Vcom
corresponds to the alternating rectangular wave Sg supplied from the drive signal source S of FIG. I.
[0125] Thedauchigetestiontelectiadediman beingthedetectinarlestrote for teectdbeh sensor is
formed on the other face of the glass substrate 51, and, further, a polarizing plate 56 is disposed on
the touch detéciion eteetroftechbe Thmtoichvdbtectiond dlectrogenscondtitutas!ly pdetoédha touch
sensor, and corresponds to the detection electrode E2 of FIG. I. [0126] The liquid crystal layer 6
modulates lhgtse pasbinertianiigh thehigaidlsystatdigeioaizr Eosting toabedstateodimangieatdc field, and,
for example, a liquid crystal of various modes such as TN (twisted nematic), VA (vertical alignment),

and ECB (disetiedny vokhieirsaitiebfringence) is used.

[0117] [Structural example]

(Overall structural example)

FIG 20 illustrates a structural example of a display device with an electrostatic
capacitance type touch detection function 240 according to the third embodiment of the
present invention. The capacitive touch panel 240 includes the Vcom generation
section 41 (141), a demultiplexer 242, a display section 243, the muitiplexer 44, a
detecting section 43, the timing control section 46 (146}, and the resistance R. Here,
the timing control section 46 is used in the case where the Vcom generation section 41
is used, or the timing control section 146 is used in the case where the Vcom generation
section 141 is used.

{0118]  When the drive signal Vcom supplied from the Vecom generation section 41
or 141 is supplied to the plurality of drive electrodes of the display section 243 one after
another, which will be described later, the demultiplexer 42 is a circuit switching ifs

supply destination.



[0127] In addition, although alignment films are disposed between the liquid crystal layer 6 and the
pixel substrate 2, and between the liquid crystal layer 6 and the facing substrate 5, respectively, and,
further, an incidence side polarizing plate is dispo$ed on the bottom face side of the pixel substrate 2,
illustration in the figure is omitted here. [0128] The illustration of FIG. 5 can be used as a structural
example of the touch sensor used in the display section illustrated in FIG. 21. [0129] FIG. 22 illustrates
a structural example of a pixel structure in the liquid crystal display device 244. A plurality of display
pixels 20 each including a ITT element Tr 45 and a liquid crystal element LC are disposed in matrix in
the liquid cH$i&ididglayiplareaipn84303 A dvirectinedBe thydtatinsensoiahtl 2hé dligeielectrode 53
(531 to 53n) are connected to the display pixel 20. The source line 25 is a signal line for supplying an
image signeMBe4E@sgraicsixért20, and connected to a source driver 46. The gate line 26 is a signal
line for supfqlxi)ré% a signal for selecting the display pixel erform splay,.and js connected
\

20 whjch f dj
to the gate 4% FEETERAAIPIE LEERYRIERRE 2 18 g%%ﬁ%@?%ﬁr%%ﬁ%@fﬁ% oHtalty-tisposed
displ ixels 20. th ds, liquid, crystal displ ice 244 perf adi f h
onzontal Tha 6)h EOr el SFEARR Hatth S 28 FHR e e e s L A CA RS de applying

a drive sigr&ak]gcrév;gg_ a liquid crystal, and is connected to the drive electrode driver 54. In this example,
each drive electrode is connected to all the horizontally-disposed display pixels 20. In other words, the

lauid crystqy hspla dgice adel> RN TRAACLDAIEANE TR RYSIDRAH Aneiagpl PERREN drive
display device 244.
[0122] (Structural example of the display section 243)

FIG. 21 ilustrates an example of the cross-sectional structure of a main part of the
display section 243 according to the third embodiment of the present invention. The
display section 243 includes a pixel substrate 2, a facing substrate 5 arranged to face the
pixel substrate 2, and a liquid crystal layer 6 inserted between the pixel substrate 2 and
the facing substrate 5.

[0123] The pixel substrate 2 includes a TFT substrate 21 as a circuit substrate, and a
plurality of pixel electrodes 22 disposed in matrix on the TFT substrate 21.  Although
not illustrated in the figure, wirings such as a source line supplying a pixel signal to a
TFT (thin film transistor) of each pixel and each pixel electrode, and a gate line driving
each TFT are formed on the TFT substrate 21. Also, the TFT substrate 21 may be
formed to include a part of, or a whole circuit illustrated in FIG. 20 in addition.

[0124] The facing substrate 5 includes a glass substrate 51, a color filter 52 formed on
one face of the glass substrate 51, and a drive electrode 53 formed on the color filter 52.
The color filter 52 is, for example, configured by periodically aligning color filter layers
of three colors of red (R), green (G), and blue (B), and the three colors of R, G, and B
correspond to a set in cach display pixel. The drive elecirode 53 is also commonly

used as a drive electrode of the touch sensor 43 performing the touch detection



[0131] [Operations and actions] The display device with the touch detection function of this
embodiment is a so-called in-cell type touch panel in which the touch sensor in the first and second
embodiments is formed together with the liquid cry&tal display device, and is capable of performing the
touch detection as well as a liquid crystal display. In this example, a dielectric layer (the glass
substrate 51 and the color filter 52) between the drive electrode 53 and the touch detection electrode
55 contributes to formation of the capacitance C I. Since operations related to the touch detection in
this device are exactly the same as those described in the first and second embodiments, description
will be omitteeraing cpdretivespraride tecthe disirayedit bl weskribed Hdred[DE3234Hate Hisplay
device with the touch detection function, the pixel signal 46 supplied through the source line 25 is
applied to tie*pRECHERIRE IF b sTiglnd erPstdl eMBAEnEVE RIS IHBTET eldméitvr of the

display pixel 20 line-sequentially selected by the gate line 26, and the driye signal Vcom in which the
polarities arEafternS8Y With e At tRE GE IR B3Y BRI %3?8}%‘7% By diel data is written

into the liquid ¢ staé lement LC, and an.ir is di p&% ed. [0133] In addition, application of the drive
cional VTS AR e Aot S5 (A orahg o B T oty SElHET e 0 e

individual dcﬂ‘{\‘?e%@%Wf&r?ﬁ%ﬁgﬁ?%:‘%%Qe?%%%gogri‘é fiog t‘éVi{Het%%QF'%‘?#%%{-&a%eﬁ%%H’ao iy be

performed In timirgs different se of t ay operati n the latter case, the'drive signal

veom may bepe-seqnsial sepledioraiabanasiaue sansiiedsla Blualbhaldtye

electrodes. [0134] Further, only the voltage waveform of the drive signal Vcom in the positive section is

applied to thg.dpveeleactipdes a3 Lig-oPonanddhevalieganavelermdnitheaegativaggation may not

be applied to the drive electrodes 531 to 53n. Alternatively, the number of the drive electrodes to which
the voltagenwayefour f thedrivarsighali\Feont in the positive section is applied at a given time, and
the number of the drive electrodes to which the voltage waveform in the negative section is applied at
a given timg)hiay bdldifferehtddrethisncasetrsikcesthe waetbendaédhert el ddtdotidre sigrdl Vdet is
asymmetry in the positive and negative directions, the positive/negative signal waveform in the touch
detection sighsinddbisedrioeldd bihthdzmatddghe fawspadstitter 52 prdvitlethéor npiderrenpval, and it
is possible to avoid the touch detection from being inhibited.

plate 56 is disposed on the touch detection electrode 55. The touch detection electrode

55 constitutes a part of the touch sensor, and corresponds to the detection electrode E2

of FIG. 1.

[0126] The liquid crystal layer 6 modulates light passing through the liquid crystal

layer 6 according to the state of an electric field, and, for example, a liquid crystal of

various modes such as TN (twisted nematic), VA (vertical alignment), and ECB

(electrically controlled birefringence) is used.

[0127] In addition, although alignment films are disposed between the liquid crystal

layer 6 and the pixel substrate 2, and between the liquid crystal layer 6 and the facing

substrate 5, respectively, and, further, an incidence side polarizing plate is disposed on

the bottom face side of the pixel substrate 2. illustration in the figure is omitted here.

[0128] The illustration of FIG 5 can be used as a structural example of the touch

sensor used in the display section illustrated in FIG. 21.

[0129] FIG 22 illustrates a structural example of a pixel structure in the liquid crystal

display device 244. A plurality of display pixels 20 each including a TFT element Tr



[0135] [Effects] As described above, in this embodiment, since the touch sensor is integrally formed
with the liquid crystal display device to commonly use the common electrode for the 47 display drive
and the drive electrode for the touch detection, and®o use the common drive signal used in the
polarities inversion drive for display also as the drive signal for touch detection, it is possible to realize
the display device with the touch detection function with a low-profile simple structure. Other effects
are the same as the first and second embodiments. [0136] [Modification of the third embodiment]
(Modification 3-1) In the above-described embodiment, although the example in which the liquid
crystal disptag deliisaaneisinglehesniqlid erystassisodrisunaiodds shetiasd Nriwastdgniamatic), VA
(vertical alignment), and ECB (electrically controlled birefringence), and the touch sensor 43 are
integrated te the display section has been described, instead of this, a liquid crystal display

oy
device using a liguid crystal of lateral electric field modes such as FFS (fringe field switching) and IPS
(in-plane S\ﬁ?ftﬁmﬂg)’ﬂéﬁﬂuﬁ% Bl Ssé]ng%tterﬂﬁ?/%g’ |?1‘f@dg$1§t ?‘i@o?%‘é%%qﬁlé?ir&ﬁ%e%a%@%ﬁ@re the liquid
crystal of the lateral ele%ri(fiiﬁeid modﬁ i)souselqieit isup%s[siblg Q constituf .a d#'spla ection 243B as
| )

illustrated iﬁ%?tﬁg.t%ﬁlse és r&IRiSfates an exsa(?np 2 Oftne diosettidhal €t re 6f A'main part

of the displgy section.2438, and Ilysrales e sl heie.a lowid.gystallayer 68 inheld between a

. g 1€ .
pixel substrat afacing s es, functions, an e of each of Gther sections

are the samgasdhe gaseaf Fie &L.anddeserintan wil baaimiieg!nibis example nlike the case

of FIG. 21, the drive electrode 53 us r both theé display and the touch détection is formed

immediatelyaRkeug thaidfidy shastale bcad CoRstitiutes 8 fatt of thepixekanpsiraleRBakthe pixel

electrode 22 is disposed above the drive electrode 53 through an insulation layer 23. In this case, all
the dielectrimbodies doshedisg ihatliguicheryshaklaygipbsddetwprly Hedkive electsade &3r@sd the touch

detection electrode 55 contributes to

the liquid crystal display device 244 performs a display for each horizontal line by a
control signal of each gate iine 26. The drive electrode 53 is an electrode applying a
drive signal driving a liquid crystal, and is connected to the drive electrode driver 54.
In this example, each drive electrode is commected to all the horizontally-disposed
display pixels 20. In other words, the liquid crystal display device 244 is driven for
each horizontal line by the drive signal of each drive electrode.

{0131] [Operations and actions]

The display device with the touch detection function of this embodiment is a so-called
in-cell type touch panel in which the touch sensor in the first and second embodiments
1s formed together with the liquid crystal display device, and is capable of performing
the touch detection as well as a liquid crystal display. In this example, a dielectric
laver (the glass substrate 51 and the color filter 52) between the drive electrode 53 and
the touch detection electrode 55 contributes to formation of the capacitance C1. Since
operations related to the touch detection in this device are exactly the same as those
described in the first and second embodiments, description will be omitted, and
operations related to the display will be described here.

[0132] In the display device with the touch detection function, the pixel signal



48 formation of the capacitance Cl. [0137] <5. Application examples> Next, with reference to FIGs. 25
to 29, application examples of the capacitive touch panel, and the display device with the electrostatic
capacitance type touch detection function describéd in the above-described embodiments and
modifications will be described. The capacitive touch panel, and the display device with the
electrostatic capacitance type touch detection function of the above-described embodiments and the
like are applicable to electronic devices in any fields, such as a television device, a digital camera, a
notebook personal computer, a portable terminal device such as a mobile phone, and a video camera.
In other wotdiaplise dispiah desvisareethiaaBovis-gesribdel Brmbduimelatiradel IReoiikdgstgwislicable to

electronic devices in various fields for displaying a video signal input from outside or a video signal

generated gt slsastdgdsruehitiéol [d18ament 4y phe stisplwxaipie) e senanieisies an

appearance of a television device tg which the display. deyice with.the electrostatic capacitance type
touch deteéﬁi?ﬁ‘ﬁﬁi@ﬁowfbfgﬂjfg HBBvedaR rfﬁ%og@%ﬁ)gﬁm\g‘%%ﬂd}?h‘g%@ iﬁgﬁﬁ%ﬂf@a’?w{shé‘rfelevision

device has, for exannole, 3 videq display,scisen section 810 including 3 flont panel St and a fiter

glass 512. video disptay screen section IS constifuted or the disp?ay ICe Wi

electrostgti&,%ggﬁgitﬁsrﬁ% R/(ﬁﬁdtg}ﬁtgapgg&gggm?pgltliggnaﬁ&gégiggﬂgpig&gbove-described embodiments
and the like. [01 f econd application example)

[0133] In addition, application of the drive signal Vcom to the drive electrode 53 (531
to 53n) may be line-sequentially performed for the mdividual drive electrodes 531 to
53n in synchronization with the display operation, or may be performed in timings
different from those of the display operation. In the latter case, the drive signal Veom
may be line-sequentially applied for a unit of a group constituted of a plurality of drive
electrodes.

[0134] Further, only the voltage waveform of the drive signal Vcom in the positive
section is applied to the drive electrodes 531 to 33n, and the voltage waveform in the
negative section may not be applied to the drive electrodes 531 to 53n.  Alternatively,
the number of the drive electrodes to which the voltage wavetorm of the drive signal
Veom in the positive section is applied at a given time, and the number of the drive
electrodes to which the voltage waveform in the negative section is applied at a given
time may be different. In this case, since the waveform of the touch detection signal
Vdet is asymmetry in the positive and negative directions, the positive/negative signal
waveform in the touch detection signal Vdet is canceled by the analogue low pass filter
62 provided for notse removal, and it 1s possible to avoid the touch detection from being
inhibited.

[0135] [Effects]

As described above, in this embodiment, since the touch sensor is ntegrally formed

with the liquid crystal display device to commonly use the common electrode for the



FIG. 26 illustrates an appearance of a digital camera to which the display device with the electrostatic
capacitance type touch detection function of the above-described embodiments and the like is applied.
The digital camera has, for example, a light 49 enditting section for a flash 512, a display section 522,
a menu switch 523, and a shutter button 524. The display section 522 is constituted of the display
device with the electrostatic capacitance type touch detection function according to the
above-described embodiments and the like [0140] (Third application example) FIG. 27 illustrates an
appearance of a notebook personal computer to which the display device with the electrostatic
capacitancédispie tétich dedediofrfunclionitodenpnbvytudsddisst ambadinant Gadenaike is
applied.The notebook personal computer has, for example, a main body 531, a keyboard 532 for
operation clisUtERg. cIFafakérs BAIHEs Y caandgiep Ry dstlvhabesaoihgidpisy ignahithage. The
display section 533 is constituted of the display device with the electrostatic capacitance type touch

detection fURRHOAHEEDBRdINY 15 #RSSiBSVEL JE2EAR SRC AU SIS aNAth ERi U AT (S trth

application gxample). . _
PP I%mc:tlng)% \>31th a low-profile simple structure. Other effects are the same as the first and

second embodiments.
[0136] [Modification of the third embodiment]

(Medification 3-1)

In the above-described embodiment, although the example in which the liquid crystal
display device 244 using the liquid crystal of various modes such as TN (twisted
nematic), VA (vertical alignment), and ECB (electrically controlled birefringence), and
the touch sensor 43 are integrated to constitute the display section has been described,
instead of this, a liquid crystal display device using a liquid crystal of lateral electric
field modes such as FFS (fringe field switching) and IPS (in-plane switching) and the
touch sensor may be integrated. For example, in the case where the liquid crystal of
the lateral electric field mode is used, it is possible to constitute a display section 243B
as ilustrated in FIG. 23. This figure illustrates an example of the cross-sectional
structure of a main part of the display section 243B, and illustrates the state where a
liquid crystal layer 6B is held between a pixel substrate 2B and a facing substrate 5B.
Names, functions, and the like of each of other sections are the same as the case of FIG
21, and description will be omitted. In this example, unlike the case of FIG 21, the
drive electrode 53 used for both the display and the touch detection is formed
immediately above the TFT substrate 21, and constitutes a part of the pixel substrate 2B.
The pixel electrode 22 is disposed above the drive electrode 53 through an insulation
layer 23. In this case, all the dielectric bodies inciuding the liquid crystal layer 6B,

between the drive clectrode 53 and the touch detection electrode 55 contributes to



FIG. 28 illustrates an appearance of a video camera to which the display device with the electrostatic
capacitance type touch detection function of the above-described embodiments and the like is applied.
The video camera has, for example, a main body %41, a lens 542 for capturing an object provided on
the front side face of the main body 541, a start/stop switch in capturing 543, and a display section
544. Also, the display section 544 is constituted of the display device with the electrostatic capacitance
type touch detection function according to the above-described embodiments and the like. [0142] (fifth
application example) FIG. 29 illustrates an appearance of a mobile phone to which the display device
with the eldetrostaticcdapaeipardeypé louch detection function of the above-described embodiments
and the like is applied. In the mobile phone, for example, an upper package 710 and a lower package
720 are joirﬁ%ﬂjﬁﬁ/ aJoirtdiboTsFRIBNEStion) 730. 50 The mobile phone has a display 740, a
sub-display 750, a picture light 760, and a camera 770. The display 740, or the sub-display 750 is
constituted o1t HisPIA %’W&e%ﬁﬁq}‘rezé|é‘&t?§st%&i%h&5‘b%‘&iﬁéﬁ€&° eh&Rc Rt tio Rt tion

ding to the abgve-described embodiments and the like. [0143] Hereinbefore, although th |
embodimeAE End HoCAIRNS AV bEBH dEECHBEE,THE prSRaLIGEnNER 1 HOL AR these, and

various mo i%t%ﬁ?“&a?é‘% Q5P P SXAMRIRL Iy e&%&%ﬁﬁ?&%ﬁ%‘é&'%%%%ﬁ?%%%@‘Qﬁﬂi;ﬁ%nts’

although the drive signal Vcom has the rectangular wavetorm with the period T in which the polarities

tahr Zninc‘)’s/”e‘de&'i‘f%é‘@ Cefjier ARLRNtAl R Jnsteadaf Hsaihr.cenielpashlialmayhe gpgtential other

capacitance type touch detection function of the above-described embodiments and the
like are applicable to electronic devices in any fields, such as a television device, a
digital camera, a notebook personal computer, a portable terminal device such as a
mobile phone, and a video camera. In other words, the display device of the
above-described embodiments and the like is applicable to electronic devices in various
fields for displaying a video signal input from outside or a video signal generated inside
as an image or a video.

[0138] (First application example)

FIG. 25 illustrates an appearance of a television device to which the display device
with the electrostatic capacitance type touch detection function of the above-described
embodiments and the like is applied. The television device has, for example, a video
display screen section 510 including a front panel 511 and a filter glass 512.  The video
display screen section 510 is constituted of the display device with the electrostatic
capacitance type touch detection function according to the above-described
embodiments and the like.

[0139] (Second application example)
FIG. 26 illustrates an appearance of a digital camera to which the display device with

the electrostatic capacitance type touch detection function of the above-described

embodiments and the like is applied. The digital camera has, for example, a light



51 Claims 1. A capacitive touch panel comprising: a plurality of drive electrodes each applied
with a drive signal for touch detection; a plurality of touch detection electrodes arranged to
intersect the plurality of drive electrodes so that eldétrostatic capacitance is formed at each of
intersections of the drive electrodes and the touch detection electrodes, to output a detection signal
synchronized with the drive signal; a first sampling circuit extracting a first series of sampling
signal from the detection signal outputted from each of the touch detection electrodes, the first series
of sampling signal including a signal component with first level and a noise component; a second
sampling cieotitiegtsacting Rsefond Sktiesdofmamplitngrsighialfrommuevdetetlibrasiyaahomputted from
each of the touch detection electrodes, the second series of sampling signal including a signal
componentiWithiséédnd Téveleiratenedtsrm fie fisstcriitaied intltwing @abisksvempotiefe  a filter
circuit performing a high range cut process which allows a band higher than or equal to a
predetermifSGHRSHISRAPIS BECUbIE AR frlicting Suding seredwredarniininer ey Aats dinputted from

the first and secqond sampling cjrcuits, respectively; and
em%ogﬂnents agA the flrke P y

{01401 (Third application example)

FIG. 27 illustrates an appearance of a notebook personal computer to which the
display device with the electrostatic capacitance type touch detection function of the
above-described embodiments and the like is applied.  The notebook personal
computer has, for example, a main body 531, a keyboard 532 for operation of inputting
characters and the like, and a display section 533 for displaying an image. The display
section 533 1s constituted of the display device with the electrostatic capacitance type
touch detection function according to the above-described embodiments and the like.
[0141) (Fourth application example)

FIG. 28 illustrates an appearance of a video camera to which the display device with
the electrostatic capacitance type touch detection function of the above-described
embodiments and the like is applied. The video camera has, for example, a main body
541, alens 542 for capturing an object provided on the front side face of the main body
541, a start/stop switch in capturing 543, and a display section 544. Also, the dispiay
section 544 is constituted of the display device with the electrostatic capacitance type
touch detection function according to the above-described embodiments and the like.
[0142] (Fifth application example)

FIG. 29 illustrates an appearance of a mobile phone to which the display device with
the electrostatic capacitance type touch detection function of the above-described
embodiments and the like is applied. In the mobile phone, for example, an upper

package 710 and a lower package 720 are joined by a joint section (hinge section) 730.



a computation circuit determining a signal for touch detection based on an output of the filter circuit.
2. The capacitive touch panel according to claim 1, wherein the computation circuit determines the
signal for touch detection by finding a difference bétween the first and second series of sampling
signals outputted from the first and second sampling circuit, respectively. 52 3. The capacitive
touch panel according to claim 1, wherein the drive signal is a signal with a periodic waveform
including a section of a first voltage and a section of a second voltage different from the first voltage,
and a scanning control is performed so that the drive signal is applied to each of the plurality of
drive electrbiiedroReambpandafer idisAheditiicharndisplsy 750. 4 msBieapasiivetodsd ganel
according to claim 1, wherein a sampling period in the first sampling circuit and a sampling period in
the seconocéﬁ%?fﬁliHaocircﬁieaijésgma? SAcHBHE AR shflping¥sifgen tethfstSiBling circuit
shifted frorge%i%%m 1‘&1”813 e Ier}: rggtg%lec %3583%3&@%9 gogéﬁuégg%t?ggfﬁggggi according to the

above-described embodiments and the like.

[0143] Hereinbefore, although the several embodiments and modifications have been

described, the present invention is not limited to these, and various modifications are

possible. For example, in each of the above-described embodiments, although the

drive signal Veom has the rectangular waveform with the period T in which the

polarities are inverted, and its center potential is 0V, instead of this, the center potential

may be a potential other than OV.



5. The capacitive touch panel according to claim 1, wherein the computation circuit adjusts one or both
of a phase of the first series of sampling signal processed by the filter circuit and a phase of the
second series of sampling signal processed by thefilter circuit so as to allow the phases to coincide
with each other, and then determines the signal for touch detection by finding a difference between the
two sampling signals. 6. The capacitive touch panel according to claim 1, wherein the second
level of the signal component is zero level. 7. The capacitive touch panel according to claim 6,
wherein a duty ratio of the drive signal is shifted from 500/o. 8. The capacitive touch panel
according to claim 6, wherein 53 the first s&@litig circuit samples the detection signal at a
plurality of timings which are located before and after one voltage change point in the drive signal and
are adjacent to onel aftGHRBEIAYR ouchiRrNebeMBTEARgpling circuit samples the detection signal at a

lurality of timings which are located immediately before the other voltage change point in he drive
Eignal an are a%jai{]:éfllf”fﬁ)li%eo mzér_eiectrodesyeach applied W?th a digwe sign%i Por touch

detection;

a plurality of touch detection electrodes arranged to intersect the plurality of
drive electrodes so that electrostatic capacitance is formed at each of intersections of the
drive electrodes and the touch detection electrodes, to output a detection signal
synchronized with the drive signal;

a first sampling circuit extracting a first series of sampling signal from the
detection signal outputted from each of the touch detection electrodes, the first series of
sampling signal including a signal component with first level and a noise component;

a second sampling circuit extracting a second series of sampling signal from
the detection signal outputted from each of the touch detection electrodes, the second
series of sampling signal including a signal component with second level different from
the first level and including a noise component;

a filter circuit performing a high range cut process which allows a band higher
than or equal to a predetermined frequency to be cut from the first and second series of
sampling signals outputted from the first and second sampling circuits, respectively; and

a computation circuit determining a signal for touch detection based on an

output of the filter circuit.

2. The capacitive touch panel according to claim 1, wherein the computation
circuit determines the signal for touch detection by finding a difference between the first
and second series of sampling signals outputted from the first and second sampling

circuit, respectively.



9. The capacitive touch panel according to claim 1, wherein the drive signal is a signal with a periodic
waveform including a section of a first polarity-alternating waveform with a first amplitude and a section
of a second polarity-alternating waveform with a sé8ond amplitude different from the first amplitude.
10. The capacitive touch panel according to claim 9, wherein the first sampling circuit samples the
detection signal at a plurality of timings which are located before and after a polarity inversion point in
the first polarity-alternating waveform and are adjacent to one another, and the second sampling
circuit samples the detection signal at a plurality of timings which are located before and after a
polarity inversion point in the second polarity-alternating waveform and are adjacent to one another.
11. The capacitive touch panel according to claim 1, wherein the drive signal is a signal with a periodic
waveform including’ ald¥ctiar o seffestoharans) aseerAdeg wWaverbrihardma section of a second
polarity-alternating waveform, the first and second polarity-alternating waveforms having phases

shifted from each diifefiEa SignatHe ¢ SHEaLvE Thad Patie Wrteidmg 6 Lains 4 Seeiingdrah?

first voltage and a section of a second voltage different from the first voltage, and
a scanning control is performed so that the drive signal is applied to each of the

plurality of drive electrodes one after another in time-divisional manner.

4. The capacitive touch panel according to claim 1, wherein a sampling period
in the first sampling circuit and a sampling period in the second sampling circuit are
equal to each other, and a sampling timing in the first sampling circuit is shifted from a

sampling timing in the second sampling circuit by half period.

5. The capacitive touch panel according to claim 1, wherein the computation
circuit adjusts one or both of a phase of the first series of sampling signal processed by
the filter circuit and a phase of the second series of sampling signal processed by the
filter circuit so as to allow the phases to coincide with each other, and then determines

the signal for touch detection by finding a difference between the two sampling signals.

6. The capacitive touch panel according to claim 1, wherein the second level of

the signal component is zero level.

7. The capacitive touch panel according to claim 6, wherein a duty ratio of the

drive signal is shifted from 50%.

8. The capacitive touch panel according to claim 6, wherein



the first sampling circuit samples the detection signal at a plurality of timings which are located before
and after one of voltage change points in the first polarity-alternating waveform and are adjacent to
one another, and the second sampling circuit ¥amples the detection signal at a plurality of timings
which are located immediately before one of voltage change points in the second polarity-alternating
waveform and are adjacent to one another. 13. A display device with a touch detection function
comprising: a plurality of drive electrodes each applied with a drive signal for touch detection;

a plurality of touch detection electrodes arranged to intersect the plurality of drive electrodes so that
electrostatic capacifzé&esisstrpiag atisaiFenMtsrdectorstsrsiearhe aebyelbs dridnHeiouch
detection electrodes, to output a detection signal synchronized with the drive signal; a first
sampling citURNe dLARGh HFOr S AR S BF AR PTRIG 8T MW OIS et o SR i dited from
each of the tguch detection e|ectrodes, the first series of sampling signal including a signal component
with first leG&i %8 A SEEW, t: a second sampling circuit extracting a second series of
sampling signal from the detection signal. outputted from each of the touch detectipn electrodes, the
second series of sa{pr%epﬁﬁﬁogfgﬁgmﬁgf?ﬁji%iécglsié?la (I:%Srrr:aﬁ%n%% %}i b S8 %%d&f?evaelpgﬁlf%?r]gtqgfom the first

Level and ingliod 1615, COMRINS g ISLGHEYLPEHOIING, S IBNANGS s pragess which

allows a ban her than or equal to a pre rmined frequency to om Irst and second

series of sq,_,mpg@gﬁ&ggﬁ[&gg%&%ﬂgrg;hgw&lg{ﬁg@nd second sampling circuits, respectively; and

9. The capacitive touch panel according to claim 1, wherein the drive signal is a
signal with a periodic waveform including a section of a first polarity-alternating
waveform with a first amplitude and a section of a second polarity-alternating waveform

with a second amplitude different from the first amplitude.

10. The capacitive touch panel according to claim 9, wherein

the first sampling circuit samples the detection signal at a plurality of timings
which are located before and after a polarity inversion point in the first
polarity-aiternating waveform and are adjacent to one anqtiler, and

the second sampling circuit samples the detection signal at a plurality of
timings which are located before and after a polarity inversion point in the second

polarity-alternating waveform and are adjacent to one another.

1. The capacitive touch panel according to claim 1, wherein the drive signai is
a signal with a periodic waveform including a section of a first polarity-alternating
waveform and a section of a second polarity-alternating waveform, the first and second

polarity-alternating waveforms having phases shifted from each other.



55 a computation circuit determining a signal for touch detection based on an output of the filter
circuit; and a display section displaying an image based on an image signal. 14. The display
device with the touch detection function according5t‘6 claim 13, wherein the display section is
configured with a liquid crystal device, and the drive signal for touch detection also serves as a
part of a display drive signal driving the display section. 15. The display device with the touch
detection function according to claim 14, wherein

12. The capacitive touch panel according to claim 11, wherein

the first sampling circuit samples the detection signal at a plurality of timings
which are located before and after one of voltage change points in the first
polarity-alternating waveform and are adjacent to one another, and

the second sampling circuit samples the detection signal at a plurality of
timings which are located immediately before one of voltage change points in the

second polarity-alternating waveform and are adjacent to one another.

13. A display device with a touch detection function comprising:

a plurality of drive electrodes each applied with a drive signal for touch
detection;

a plurality of touch detection electrodes arranged to intersect the plurality of
drive electrodes so that electrostatic capacitance is formed at each of intersections of the
drive electrodes and the touch detection electrodes, to output a detection signal
synchronized with the drive signal;

a first sampling circuit extracting a first series of sampling signal from the
detection signal outputted from each of the touch detection electrodes, the first series of
sampling signal including a signal component with first level and a noise component;

a second sampling circuit extracting a second series of sampling signal from
the detection signal outputted from each of the touch detection electrodes, the second
series of sampling signal including a signal component with second level different from
the first level and including a noise component;

a filter circuit performing a high range cut process which aliows a band higher
than or equal to a predetermined frequency to be cut from the first and second series of

sampling signals outputted from the first and second sampling circuits, respectively; and



the display drive signal includes a pixel signal based on the image signal and includes a common
signal, the display section performs a display through a polarity-inversion drive in which polarities
of a voltage applied to the liquid crystal device aretme-divisionally inverted, the voltage being based
on the pixel signal and the common signal, and the drive signal for touch detection also serves as the
common signal.

a computation circuit determining a signal for touch detection based on an

output of the filter circuit; and

a display section displaying an image based on an image signal.

14. The display device with the touch detection function according to claim 13,
wherein

the display section is configured with a liquid crystal device, and

the drive signal for touch detection also serves as a part of a display drive

signal driving the display section.

15. The display device with the touch detection function according to claim 14,
wherein

the display drive signal includes a pixel signal based on the image signal and
includes a common signal,

the display section performs a display through a polarity-inversion drive in
which polarities of a voltage applied to the liguid crystal device are time-divisionally
inverted, the voltage being based on the pixel signal and the common signal, and

the drive signal for touch detection also serves as the common signal,



