DESCRI PTI ON TOUCH PANEL- EQUI PPED DI SPLAY DEVI CE 5 TECHNI CAL FI ELD
The present disclosure relates to a touch panel -equi pped di spl ay

devi ce capabl e of detecting a position on a display surface touched
by a pen or a finger. BACKGROUND ART. Touch panels (or touch sensors)
whi ch al | ow operation of electron|PE§é§VEE§%By 10 touching a screen
have been attached to the el ectronic devices, such as vendi ng

machi nes, ATMs, portable video ganes, car navigation systens, etc.
The touch panel allows interactive input of information to the

el ect r onTOULEY Pe@NHIy EQAUEREDDISPLASS DEY)ICEhe panel with a finger or a
pen. The touch panels are classified into resistive touch panels,
capacitive touch panels, 15 infrared touch panels, ultrasonic touch
panel s, electronagnetic i nducti on touch panels, etc., by their
opera§|n F%E phe resistive and capacitive touch panels have
connDnIy een used ecause they can be nounted on display devices at

| ow costs. tlcul ttent n has been id.to t capacitive
ouch panel s ol R P ER At a it MrBRetiv ragy Dadencapaale of
t ouch panel is integrally used with the display device, the touch
panel i sdetectigfenpcsition o dimgjaviswfnca tqucher by g pemeka fiagEur f ace facing a
viewer) of the display device, such as a liquid crystal display

devi ce. BBiE&KGREEINDERTyY, as shown in FIG 14, a liquid crysta

di spl ay device 60 equi pped with the resistive touch panel includes a

thin-filmtransTeidhrpdndlsTor Soltht §edt@sPWhith Aldw bBéraSod St eBicBonie deoices by
filter (CF) substrate 51 as a second substrate facing the viewer, and

i d
O e R L

a transp t con cti. m 53 for. the t9 ch pay neI [ oyl d_as,a
est ot VRIY PORELE “%f%oa@s 5 EtfeneretiBsc ¥¥?r%s’5i opph 1ot Fh%aﬂel ilows
liquid crystal |ayer a transparent conduct] v In154 for
t ouch paHE?faﬁP’cS’v‘PH‘étd)fé%fOE“?% torthe Bleeirems fadrh lflgéﬂ@b%l??é rﬂw Panel with
conductive film53, insulating spacers 55 sandmnched between a pair
of transpéﬁ@ﬁﬂﬂddﬁmuctlve films 53 and 54 to forman air |ayer
bet ween the pair

The touch panels are classified into resistive touch panels, capacitive touch panels,

15  infrared touch panels, ultrasonic touch panels, electromagnetic induction touch panels, etc., by
their operating principles. The resistive and capacitive touch panels have commonly been
used because they can be mounted on display devices at low costs. In particular, attention
has been paid to the capacitive touch panels having high transmittance and high durability.

When the touch panel is integrally used with the display device, the touch panel is

20  generally arranged on a front surface (a surface facing a viewer) of the display device, such as
a liquid crystal display device. More specifically, as shown in FIG. 14, a liquid crystal
display device 60 equipped with the resistive touch panel includes a thin-film transistor (TFT)
substrate 50 as a first substrate, a color filter (CF) substrate 51 as a second substrate facing the
viewer, and a liquid crystal layer 52 sandwiched between the TFT substrate 50 and the CF

25  substrate 51. The liquid crystal display device 60 includes a transparent conductive film 53



5 of transparent conductive filns 53 and 54, and a film(e.g., a
pol ari zer) 56 arranged on the transparent conductive film 54 (see,
e.g., Patent Docunent 1). As shown in FIG 14, the TFT

substr at j ncl udes a gl ass subst.ra 57, and a |l.ower, el ectro 58 .
Formed ol e 8T mefidt S BN Rl i Sifoet ot PR op e §F obbosit
gl ass substrate 59, and an upper electrode 61 formed on the gl ass.

subst r at Bediguid gysak ager s pdrangrarend gerdystine filw driey thedeushrpangi groyiged as a
the pair of transparent conductive filnms 53 and 54 are brought into
cont act feaisshofimclaciogithe drospasenb ebwdetive Hand 53, nejulwivensmcsar Fasmdefiched
the touch panel is pressed, and current flows between the pair of

t r anspar gétive@0R gaie bf Mensbhileibedndua@ing fifhs 54 4pf 6436 orR0&i Ait R eObetivB& the pair
surface is detected by sensing a change in voltage when the current

has f4 owgdy. CE%E@C(}I‘M@CM f1n¥ 53 bADSRALRN ﬁﬁil;l gggc,ga' YfardRE) b6 8rakeBN the

54 (i.e., a change 1 n resistance). I'spl ay ‘devi ce

equi pped,_w th the gapacidiv ouch e inst of the transparent
conduct i gﬁnspﬁeﬁgcogéu‘gwg ft%ﬂ‘ %1@6?’ ﬁ@'@%ge@gps? ‘Y eﬁggbri bed above, a
transparent conductive filmused as _a transparent el ectrode of the
capaci tive touchs Byt it E1Gr bbi e d Tgnsubskaiet At Bichrdcs Retless WhpRAT aleand a

51 opposite the liquid crystal layer 52, and a pol arizer is arranged
200n t heloweagiastipdnd8 dormepdoan the glass substrate 57.  ThenCF yebstrageagi triclusles a glass
touch panel configured in this way, alternating voltage is applied to

t er m nal subktate PO sarid amnipghet eledticrle 6arfomngiach tha gldeesubsifats Gbst rat e. When
a contact point is formed on the transparent conductive filmby a

fingey or a pengy terdsist0e PRLENpagANdsEtduy@l fih | s SvaGaRRS idalrV 8F Mransparent
coupled to ground (a ground plane). A value of current flow ng

bt heen GRANSAGARTEL 346l 4 BSYRLR L PP SRS E AR
CI TATI ON L), ST PATENE DOGUVENT. | Pat ent Docurtent (1], Japanese Patent .
conductive films 53 and 54. A pressed position on the surface is detected by sensing a
change in voltage when the current has flowed between the pair of transparent conductive

15  films 53 and 54 (i.e., a change in resistance).

In a display device equipped with the capacitive touch panel, instecad of the
transparent conductive films 53 and 54 and the spacers 55 described above, a transparent
conductive film used as a transparent electrode of the capacitive touch panel is provided on a
surface of the CF substrate 51 opposite the liquid crystal layer 52, and a polarizer is arranged

20  on the transparent conductive film.

In the capacitive touch panel configured in this way, alternating voltage is applied
to terminals for position detection arranged on the TFT substrate. When a contact point is
formed on the transparent conductive film by a finger or a pen, the transparent conductive

film 1s capacitively coupled to ground (a ground plane). A value of current flowing between

25  the capacitively coupled contact point and the terminals is detected to obtain a position



5 SUWARY OF THE | NVENTI ON TECHNI CAL PROBLEM In the liquid
crystal display device 60 of Patent Docunment |, the transparent
conductive filns 53 and 54 are provided on the entire surfaces of the
liquid crystal di.splay, devi.ce 60. That is, the transparent conductive
£ s 53000 m%%%i%%%&égﬂ?l%ven in a region 10 through which Iight
passes. Thus, when the |ight passes the transparent conductive filns
53 and S5#ITARINEISEity of the |ight may di sadvant ageously change due
to spectral characteristics of the transparent conductive filns 53
and 54. PATENT DDE@MENI on, since the transparent conductive fil ns
53 and 54 are provided in the region through which the |light passes,
transm ttance oOfpateieDbighént TRY JebasiashvRHém @ablickiyn . Hosadgeesl when
the |light passes through the transparent conductive filnms 53 and 54.

I n view qivibe FeoropipgiReripnesent di scl osure has been achi eved.
The present disclosure is concerned with providing a touch

panel - equi IyS i ce which can effectively prevent change of
chronatiEﬁggﬂgFggfggéélgﬁ% reduction of transmttance of the |ight

due to the conductive film 20 SgEUTICN TO THE. PROBLEM I n

view of the aboWetCoHeWt ncryitple disBEY HigyiitePQ U e dDBFERINAY! JBGi tEamsrent
the present disclosure includes: a first substrate; a second

subst r at eorfduciivgyfilhe 53 jand 54 provaded, omthgi enpraguriasds afthiedyand grysial disglay
between the first substrate and the second substrate; a conductive

filmfordevitodgth Paned, the auspetnocorglustiveg floes 57 aid®d seqoeskns elxsitihat @gion
opposite the 25di splay nedium | ayer; and a display region including a

transg sgir¥@sll RBICANhDPAYGD WhLE Rvhdnl tHEtioRa8RS théshsParent conductive films 53
non-transm ssive region through which the |I'ight does nhot pass,

wherein q@ﬂgg i L | Bt i g
surr oundé{!}@%@ the atvec\%/tg Oiffgﬂe;ﬂoéhﬁgllc#?ﬁ&fi he c%zﬁasulgtg ﬁz\i/n%@fdl9 Pﬁé%g%altcﬁ%r a\‘f\ﬁeptsatws
is arran i.n the non-{ranspjssiLyve ion, and the opening is forned
b the o PaReretoet CRsRYE Bl i St gurati on. the w re |
arranged in the non-transm ssive region, and the opening is forned in
the transnissi v fdsdfios sinpg e trapspaign sonfyeve Hlms B3 dedtHeareingpieided fy the
the light can pass through the opening. The wire of the conductive

fil m arr aepgedthrougbhehivbrihe dighispassesi, yrensmeigfnnre alaihe flight tiagnlisesivantageously be
conductive part, and the opening forned in the transm ssive region

can f§inctiduded®hén hedRaMpHSstBropgh the tlssaraatosdicaos fiked y3 mdsswent

change
’ In view of the foregoing, the present disclosure has been achieved. The present
disclosure is concerned with providing a touch panel-equipped display device which can
effectively prevent change of chromaticity of light, and reduction of transmittance of the light
due to the conductive film.
20  SOLUTION TO THE PROBLEM
In view of the above concemn, the touch panel-equipped display device of the
present disclosure includes: a first substrate; a second substrate facing the first substrate; a
display medium layer provided between the first substrate and the second substrate; a

conductive film for a touch panel provided on a surface of the second substrate opposite the

25  display medium layer; and a display region including a transmissive region through which



10 of chromaticity of the light and reduction of transmttance of
the Iight due to the conductive filmw thout inpairing functions of
the conductive filmfor the touch panel constituting the touch panel.

Si nce thg .openi i,s far in. the. chiV il 0 :
e, A R S PO e PR i
costs can he redyced. 15The touch panel - equi pped, di spl.ay devi ce of, .
the pr es@?@uﬁfﬂ‘éﬁcﬁ@% BRRUGRS)A PR AR 2P RPETEE S&%"P‘Pﬂegrl&gm’?e%’tmfl%&%&?di ij the
a frame region surrounding the display region, wherein the wire and
t he i nt eeargneiet filmpnddhoridie 1 frrangdaddaribe oan-trapgraipgivg region, and the opeppg is
this configuration, the conductive filmand the interconnect can

si mul t anfomsd yn the tfaogmiesiye sapibit he nunber of fabrication steps can be
reduced. This can inprove yield of 20the display device, and can

reduce fabri catihanisC@afiguration, the witdlisthRnkQHENMRARALIrREMiRRdesibs PARYY the
device of the present disclosure, the material may be a

non-tr an@g&gj{g‘ggi fﬁgﬁ%ﬁ%ﬁ{ th¥Srd gsél'(v?%zeé%l&\?mlt'@‘hﬁ GRN-IUbAL AR 'Eé%%é"tlﬁ’mé Sight and

no need I n Ooxi is expensi ve,

general | S as the material of t transparent.canductive fil.m

Thue, ¢ nihedRilpcossy Teieobh Auefre o i HELRR B SO HEAN i afgnepd il the non-
non-transparent conductive material which_is inexpensive and _

ver sat i | Bansmissive region (cag fupehigy E%WePO%Wﬁilﬁpé’aﬁdiaé‘glth? pepingefogmed Ha the
present disclosure, the conductive material may be at | east one

sel ect edirénsonsavaregiop o iisidioeds eftragehtsivplparti nlings cain kifestivelygppesnt change
and al um num 5Use of gold and platinum can inprove resistance of the

conduxt i yeclrbhearitiey 60the ¢ighoind tddacth & tranemiteabe bfffiedeit 08 e del dbhllyctive
of the conductive film Further, use of copper or alum num can

i nprove wef kakiout tfpfing RgcRORIHEHV@nihdie film for the touch panel constituting the
touch panel.
Since the opening is formed in the conductive film, an amount of a material used for
forming the conductive film can be reduced, and costs can be reduced.

15 The touch panel-equipped display device of the present disclosure may further
include an interconnect formed in a frame region surrounding the display region, wherein the
wire and the interconnect may be made of an identical material.

In this configuration, the conductive film and the interconnect can simultaneously
be formed, and the number of fabrication steps can be reduced. This can improve yield of

20  the display device, and can reduce fabrication costs.

In the touch panel-equipped display device of the present disclosure, the material
may be a non-transparent conductive material.

In this configuration, there is no need to use indium tin oxide (ITO) which is
expensive, and is generally used as the material of the transparent conductive film. Thus, the

25  wire of the conductive film can be formed using a non-transparent conductive material which



In the touch panel - equi pped di splay device of the present disclosure,
the material may be a transparent conductive material. 10This
configuration can reduce reflection of the |ight by the conductive

mat eri al | ' iate reduction of display quality due to the

| i ght re?ﬁ%@ f%%&egﬁée&%ﬁﬂgn t he touch panel - equi pped di spl ay device

of the present disclosure, the conductive material nmay be at | east .
one sel gct ed f r&‘n&‘ﬁ t%ﬁ@ﬁn@t?ﬂﬁ@f’%als@@yidﬁﬂ?ﬁ ﬁ?@‘;@i%@?ﬂtﬂl?ﬁo%‘%?s@]& caudyetive
oxi de, and a_ transparent resin. 15Wen indium oxide, zinc oxide, or

tin oxi denatesial gy beat gaptrpnesplgated ifiom 4 gravpransisted of gold bplatimmaesilver\hegper,
the transparent resin is used, the conductive filmand the

i nt er conaed¢alucamibe fornmed by an i nexpensive techni que, such as
printing. In the touch panel - equi pped di splay device of

the psesent di sgkOStERd amd )Elﬁﬁ’ﬁtﬁﬁ EhiY BfirbVénBRnBE AhO ¥hRAH AR corrosion.
surface of the second substrate opposite the display nmedi um 20l ayer

to cover i i o i j ti LNprave
mechani C(El)ltS Q?gﬁgg%ﬁﬂyf\{@rg%igan(ﬁllugtal?’ym; ;e%:i (ES)OrIll(E1 é}“gg%'lﬁrgi na ggﬁﬁlﬁh{w Cgpper o
region) of t.he display device.. he .t ouch panel - equi pped

di splay & ‘8@“6?“Bﬂg%ﬁ?3@gﬁ$ﬂHY§£WB§8WQm ﬁﬁﬁh?fectively prevent the
change of chromaticity of the |light and the reduction of_ )
transmittance of tRdowshgpanebegpippedylispiey devierief ihgepresanhistogyre, thganaterial
present disclosure can suitably be applied to a display device

equi ppednwiythe adranspaeittconductivechitggmhel . The capacitive touch pane
attached to the display device nay be a touch panel in which the

condugtive fil nThis confVgualetbni dah @educhréleaatibh ¥f e [RAEHY BRScohBuddivk MMterial, and
mul ti-touch input. The present disclosure can suitably be applied to

2 di sl ket RALRAR A RaliB B L YR fHelapaag] - Further, the

present disclosure can 5suitab be applied a touch panel - equi pped

di splay device fnr}:ﬁlz Poqlicfi'%al%l-leiq&%ipgd 85351%%%'6“'09 XF {he?ﬁesent disclosure, the conductive

material may be at least one selected from a group consisted of indium oxide, zinc oxide, tin
oxide, and a transparent resin.

15 When indium oxide, zinc oxide, or tin oxide is used, a thin conductive film pattern
can be formed. When the fransparent resin is used, the conductive film and the interconnect
can be formed by an inexpensive technique, such as printing,

In the touch panel-equipped display device of the present disclosure, a protective
film may be provided on the surface of the second substrate opposite the display medium

20 layer to cover the conductive film.

This configuration can improve mechanical durability of the display region (a
coordinate input region) of the display device.

The touch panel-equipped display device of the present disclosure can effectively
prevent the change of chromaticity of the light and the reduction of transmittance of the light

25 due to the conductive film. Thus, the present disclosure can suitably be applied to a display



the display nmedium | ayer. ADVANTAGES OF THE | NVENTI ON The
present disclosure can effectively prevent the change of chromaticity
of the Iight and the reduction of transmttance of the |ight due to

the Condgﬁg_}li%‘vgqiﬁéplse:@awiﬁ?chlaqll:)eg:éFt'év%EtS I Pe-lrrlegyv ﬁc g&ﬁ%ﬁ?ﬁ‘%@ﬁg}agxg attached to the

[FIG 1] Crosst t5 ohal P u qui'pped

liquid crystal display device of a first enbodinme of the present .

di gcl osufisplay device Elaréﬁ @am# neped nvhich f&e ﬁp%ﬁlcmf%wr%fs {iKided gije g plurality of
panel - equi pped liquid crystal display device of the first enbodi nment

of the pyestemt tapBey osufidoudsimpuG e peggnt 3lisobossre ean suipbly Le epplidd fo a
part Ein FIG 2. [FIG 4] FIG 4 is a plan view of the touch
panel - eqdisplpe dickicquiqdipped stidl a desglvaytodey paeel of Firtier f the Streserbadtloant can
of the present disclosure. [FIG 5] FIG 5is a

Cr 0ss5 segtilaBRe apBYd &f a @u&pt;&m-@?nﬁbe&gsﬁl@p@&iéé iﬁblh@ingra)dg;gfdlz?gét§lg]h?é{r as

device of a second enbodi nent of the present disclosure.

FIG 6 i : 1. al: arged view of the touch panel -equi pped
liquid c@??ﬁ@gfdﬁ@ﬁ#%‘ﬁy evice of the second enbodi nent of the present

di scl osur, I 7 is a plan view of an alternative

of the té@%ﬁgﬁgﬁseéEiTﬁﬁ§Ygﬁﬁchr ystal display device of the
present disclosure. [FIG 8] FIG 8 is an enl arged view of part F in
FIG 7. 25[FI GThyprepent dosclosug eanoefecsizelyi awint heghasge 04 drqrastically dfethe

of the touch panel -
light and the reduction of transmittance of the light due to the conductive film.

10 BRIEF DESCRIPTION OF THE DRAWINGS
[FIG. 1] FIG. 1 is a cross-sectional view of a touch panel-equipped liquid crystal
display device of a first embodiment of the present disclosure.
[FIG. 2] FIG. 2 is a plan view of the touch panel-equipped liquid crystal display
device of the first embodiment of the present disclosure.
15 [FIG. 3] FIG. 3 is an enlarged view of part E in FIG. 2.
[FIG. 4] FIG. 4 is a plan view of the touch panel-equipped liquid crystal display
device of the first embodiment of the present disclosure.
[FIG. 5] FIG. 5 is a cross-sectional view of a touch panel-equipped liquid crystal
display device of a second embodiment of the present disclosure.
20 [FIG. 6] FIG. 6 is a partially enlarged view of the touch panel-equipped liquid
crystal display device of the second embodiment of the present disclosure.
[FIG. 7] FIG. 7 is a plan view of an alternative of the touch panel-equipped liquid
crystal display device of the present disclosure.
[FIG. 8] FIG. 8 is an enlarged view of part F in FIG. 7.

25 [FIG. 9] FIG. 9 is a cross-sectional view of an alternative of the touch panel-



equi pped liquid crystal display device of the present disclosure.
[FIG 10] FIG 10 shows an alternative of wires of the touch
panel - equi pped liquid crystal display device of the present

di scl osur.e.. o El.G F 1 0 an alternative of the
W res of CiRPse it g S b B Rl l MR spi y device o

the present dis sure. FIG 12] FIG_ 12 sh an )

al ternative of @k@ :ﬁ)} eETGy 19 ﬁ@o‘%’%&ehﬂi‘? ve é&uWHﬁ%B?}%\ﬁﬁﬁﬁlﬁhd?a%ll’%ﬂmpped
di spl ay device of the present disclosure. [FIG 13] FIG 13
shows anligpiderystal displayfdevige ohtheasesent dispdosusrich panel - equi pped 1i qui d
crystal display device of the present disclosure. 10[FIG 14] FIG 14

i S a cross-sectfFo@alllvi BiG.dfl shoesrwetteimatiat of duwchirganithe tewphi gapedequipped
liquid crystal display device. DESCRI PTI ON OF EMBODI MENTS (Fir st

Embods mefgid crystal display debRedr Rpr&enf dibdisups esent di scl osure will be
described in detail wth reference to 15the drawings. In the

fol | owi ng enbOdﬂPﬁ‘@_n?T%]i eﬁlo .ilg%gg“&ra%%%ﬁaﬂbé BE &Y JBYd S%hgtiytachib}%ngl—equipped

descri bed as an exa I'spl ay device.

cross-sectignal  view of, a. touch panel -.equi pped |iquid crystal display
devi ce olqgaﬁ?$% d&wﬁ%dFH@ﬁPgﬁﬁ¥Fﬁ§ﬂHP%@$WBEdisc|osure, and FIG 2 is

a plan view of the touch panel-equipped |iquid crystal display device
of the first enddi htint Fi§t IBndopsssaliermative pb &g wirepof the tpuch pagehequipped
enlarged view of part Ein FIG 2. FIGS. 2 and 3 do not show a

pol ar i zeliqaddratg dopkgtdeviee bff thefresent disclewke of easy description
FIG 1 is a cross-sectional view taken along the line A-A of FIG 3.
10 [FIG. 14] FIG. 14 is a cross-sectional view of a conventional touch panel-
equipped liquid crystal display device.
DESCRIPTION OF EMBODIMENTS
(First Embodiment)
Embodiments of the present disclosure will be described in detail with reference to
15  the drawings. In the following embodiments, a liquid crystal display device will be
described as an example of a display device.

FIG. 1 is a cross-sectional view of a touch panel-equipped liquid crystal display
device of a first embodiment of the present disclosure, and FIG. 2 is a plan view of the touch
panel-equipped liquid crystal display device of the first embodiment of the present disclosure.

20 FIG. 3 is an enlarged view of part E in FIG. 2. FIGS. 2 and 3 do not show a polarizer and a
protective film for the sake of easy description. FIG. | is a cross-sectional view taken along

the line A-A of FIG. 3.
As shown in FIGS. 1 and 2, a liquid crystal display device 1 includes a TFT

substrate 2 which is a first substrate on which a plurality of thin-film transistors (TFTs) are

25  formed as switching elements, and a CF substrate 3 which is a second substrate facing the



As shown in FIGS. 1 and 2, a liquid crystal display device 1 includes
a TFT substrate 2 which is a first substrate on which a plurality of
thin-filmtransistors (TFTs) are 25forned as switching el enents, and

b i ' . Sub ' h
Cubst r i o5 S Tty R BERRRHBIET IR T PR b e Fhle smate fpver 4

liquid crystal] layer 4 which is a disp]ay. nediumlayer sandw ched

bet ween ¥ 1§§1T]|3Ta Sl medt ket R eiEhas et dng ,ﬁéfnaul%ﬁtra’fe 2 and the CF
frame- shaped seal i ng nenber 5 sandw ched between the TFT substrate 2
and the €bsgybst rad e femopshisped sedbiag TRMBU Pssandwichgd badveendhe«CEFT substrate 2
substrate 3, and to seal the 5liquid crystal |ayer 4 therein.

The seal ambtheetibeubshraies3 tobombitHeoTBUsttnE 1 bhed tHeqUF dulestinsd 3y arldatyeseal the
4. The TFT substrate 2 and the CF substrate 3 are bonded to each

ot hers byrigihe cseel 1496r MB1ERgA. 5. Each of the TFT substrate 2 and the CF
substrate 3 is in the shape of a rectangular plate. The liquid

crystal displ ayfl%eéé%)ﬁll?%élegﬁghﬁqﬁ%rﬂiealt? rsﬁilr']rléﬁr?/d @lfehglﬁ?(f &g?tgfﬁ&&fﬁ( e TFT

shown) for 10contro ckness o Iquidcry ayer

(i.e., a.ce]ll gap), In.the liguid crystal displ devi ce

(6 Shomnsitntre ERk g CF sybstd 3 S pondhl el o6l Sl bt RetheivmeS s Each
menber 5 and in which the TFT substrate 2 and the CF substrate 3

over | ap ehtw Bihewbstrateqbpad el wbsteatePsiplinghe ey P ifpiaggular plate. The
contributes to inmage display (a coordinate input region in which

coor di naliguid npystalt isplagh devitodc nqbates| a idualigi béljiheja spacess Ghatr sowtny for
of pixels, which are mnimumunits of an imge, are arranged in a

mat rio padit@iling Mthidk@eddicTRealyqui@giyor] RyerA fileaa®engghon F in which the
sealing nmenber 5 is arranged Is provided to surround the display

region D In théD ggﬁrlg‘%g}fsftﬁ?ﬁés-ﬁ_?g& RMRBtr at %(%vrﬁ?fm%%déi dnd™® tari‘ﬁ%ltgﬁ évhé:é is

substrate 3 (i.e. t T substfrate 2 protruding fro

substrate IS termnpned.as.a termnal.regiqn ot . sho .20 e
aai d Tk i BhEHEE s 2 b M BRI T b TN BEh IR nifse Svertep
film6 which is fornmed on_a surface 3a.of the . substrate 3 opposite
the |i un"H‘%c?Elt/‘E"'t & dF‘ﬁ%ﬁmﬁ,aSaﬁd{lﬁ’gﬁsf‘?&“ﬁR éd Vg’*gﬁaﬁ‘ir‘zmﬁé @o%ep‘g}ﬁ@ﬂ’ (a
The conductive film6 constitutes the capacitive touch panel using an
out er supdadiaatgfinput pegielr insehicly coardingts inputithrouglom dch iporel iy dvailablals a
touch surface. 25As shown in FIG 1, a polarizer 8 is provided on a
surfece of the APplualitysof pixels? whigipesi ménitnhen hhigubfl asrigapal ark ayengell in a
The TFT substrate 2 includes an insulating substrate 21 such as a

gl ass suhsif@picrinlihé dﬁﬂ@re?@)ﬁ_ﬂﬁ. 2R RGN L@ hidASHE 8¢d1iRG member 5 is

substrate 21, and an alignnment film (not shown) fornmed on the TFT
array | aé(ﬁing%a is provided to surround the display region D.

Part of the TFT substrate 2 exposed from the CF substrate 3 (i.e., part of the TFT

substrate 2 protruding from the CF substrate 3) is determined as a terminal region (not shown).

20 The liquid crystal display device 1 includes a touch panel conductive film 6 which

is formed on a surface 3a of the CF substrate 3 opposite the liquid crystal layer 4, and

constitutes a capacitive touch panel. The conductive film 6 constitutes the capacitive touch

panel using an outer surface of a polarizer 7 formed on the conductive film 6 as a touch

surface.

25 As shown in FIG. 1, a polarizer 8 is provided on a surface of the TFT substrate 2



5The TFT array layer 22 includes a plurality of gate lines (not
shown) extending parallel to each other on the insulating substrate
21, a plurality of source lines (not shown) extending parallel to

each oth&éw%ﬂeg%lﬂgngsggpgggnlto the gate lines, a plurality of TFTs
at in s

(not sho arrang fsections of the gate lines and the
source lines, d lurality.o i xel el ectrodes (not shown)
connected to t ra{ghel'ﬁﬁ:g .Sglis(ﬁ‘ Effiﬁ pap ﬂ‘%?PLa“@giSHl?ﬁt‘ﬁEfe%l %Wiiaﬁélﬁl%&gisﬁbmam a

substrate 31 such as a glass substrate, a color filter |ayer 32

for med oAFiierayrdaysr 22ifagnesuers theanalgmg sahsteje? boat anajignmenoliins yheown)
formed on the color filter layer 32, a conmmon el ectrode (not shown)

for med offorirted cavks CHatrhayeer 2and an al i gnment film (not shown)

formed on the common el ectrode. The overcoat |ayer nmay

not bg formed, aRd TFmeargagmzpa £ atdudede PRI blﬁ%hdeylli&@ ket $HRFIB &xRMAding

the color filter |ayer The color Tilter layer 32 includes

or "ol ug. PGB LU e ARTARE HEACRESD bR O Rae BE o

or blue to correspon p1 xe

d a black matrix. 32b j ded bet ween. t lor | 2a.
The ©i quetiri paeA RORERECH TR Ricu e fae S Lo g ey ot

el ectro-optic 20 properties, The polarizers 7 and 8 are ]
optical ShvEVarEasuhtantgrseetionsofithe gateylings apddhasmuscs hnss, aWippHetity of pixel
incident |ight having a particular direction. As shown in

FIG 2, teketr@ls{utishpanecBniededroche dE€dswith a plurality of termnals
11 (4 termnals in this enbodi nent) through which alternating voltage

for position deTkeCFabstfate3Sulnddsemh indWlgtidostbstrate il Ak ad 4 e substrate, a
connected to four corners of the conductive film®6, respectively.

The ter mcpa} ikl 1802 360BARES 8 the iRublink&ubbf £, GRIReBAT 1a5HOMBY shown)
including an alternating voltage generator circuit provided on a

flexible j.nt an, | rat circuit ch
(ot sholaie Bnaaatel steRa AR e b EFSeRRs GhESHRLS dublerat e VeRon
5 Alternatively, the termnals 11 nay be_ connected tq the drive

o rout 1 L Y EhEGH BRADS Y ReetoR i MRS Ret hr ough t he
flexible printed board connected to the integrated circuit chip via

i nterconnects. TheoY®ead! fyics mpy ngt be dpraedy prdbtheycogormed et degnaghdirectly be
external power supply (not shown) through the flexible printed board.
The 1 &r niforaled ochthacdochiterdateed2t o t he conductive film 6 through

i nterconnects 13 as shown in FIG 2. 10 In the present enbodi nent,

the conductive Thd Ba16s filtBelayer 52 Rafwded b pmﬂﬁtgy' Bt 85160NRERIRaledch N IAch is
protective film25 constitute a touch panel 33.
colored red, green, or blue to correspond to the pixel electrodes on the TEFT substrate 2, and a
black matrix 32b provided between the color layers 32a.
The liquid crystal layer 4 may contain nematic liquid crystal having electro-optic
20  properties.
The polarizers 7 and 8 are optical sheets capable of transmitting only a polarized
component of incident light having a particular direction.
As shown in FIG. 2, the CF substrate 3 is provided with a plurality of terminals 11

(4 terminals in this embodiment) through which alternating voltage for position detection is

25 supplied. The four terminals 11 are connected to four corners of the conductive film 6,



The liquid crystal display device 1 is provided with a backlight unit
(not shown) which is arranged on a surface of the TFT substrate 2
opposite the liquid crystal layer 4 (i.e., a surface on which the
polarizegmﬁ %g@ ormed), and supplies light (transmtted light) L to

t he 15quuP%>cr9%tal di spl ay device I. Referring to FIG 4, a
basi c principle_of position detection by the capacitive tquch_panel.
enpl oyed in thel® éf‘é’@maﬁ%?%@%%‘mﬂéc‘&ﬁﬁ 11" Apdri Ve SEe Y H P i (Roth#hosm) inglegling an
is a plan view of the touch panel -equipped liquid crystal display

devi ce ofltemating vyaltage gbsditpreircudfprovideppre g diexiblk puntos beard (2@ TFhownntraigh
1 1a 11b, 11c, and 1 I1d for position detection (corresponding to

t he aboven dgsgaiciettctie thipfadtshdd)) proeided mn dettefnihel kgon cAhOTFT sabstrate 2.
the conductive film®6 for position detection. Alternating voltage for
posi t 5 on AdRKREGLEIN tHeSteRHiRRIs| Bdmby MO @Rn&ditEid ale mevakéuﬁg&ig @REHRbGN the
circuit 18 to the conductive film®6 through the termnals 1la, 1lb,

1l1c, and; 5 i J r

cirout TBoy el Raftul i SR RcRen \BE AR BRbR okt LIRRCNENG AL Heraa
However, the E.esent disclo%urq%is not fiﬂ%ted to.t {s exangae as

long as SIP8F AP HE BEFPRRTCIbf e eeRaS phady drdripverAnngsied 4p apeexternal
applied. Wen at least two termnals are _provided, a contact point

bet ween PR&CE skpRlKalngt chawnk typugh dbel flexitlemrided dopsdt iTher tarminplodl are
t he conductive film®6 when a pen or a finger touches 5 or closely

appr oachesnecwdrté deeondudtive fitndtomigh entéicbmestsdf3 askkkownucHG. 2.
panel - equi pped liquid crystal display device 1, or a protective |ayer
provigied to fack ahyigesht dobdddnsntsp@ei Edr@atiian, filkhies geemdmi®is bEl, the
referred to as that the contact point is directly or indirectly

for med O%t&l@@ﬂl&@@ﬁg?%ﬂd’%ﬁxfoitécmf@ﬁln\{\bg@01%%?1&%@%@%%%&)39 it is formed on

the conductive film e conductive and ground (a ground

pl ane) are capafﬂéhvel paci ti.

.ed. Th [ .8, f
exanpl e, synthesi's 8?d§§%%%ﬁ¥§ﬂﬁég€§8%?Eﬁ8“3?%%%@?F@é&£gP@ié%mgﬁﬁtPﬂﬁmﬂ
or ound P S Birangtd on' GERes AP FL GBS & OBRHE K A BRPRLYRVEl g o

coupl ed contact point and each of the four termnals 1la, 1lb, 1lc,

and 1 | dsenfacetan whish thepelasizer 8 tih éorosdH vadi spepli¢s| Inghe (irenshgtted light) L to the
proportional to a distance between the contact point and each

t er mihal liguldusystad disptaytdeajeprioxi matel y i nversely proportional to the

di stance between the contact point and each term nal flows through

each of the fouRefeRIHY WaHI&. 4la %asié!gﬂnciia?ec@f FoRfioni dbitioh B9 thOMdpacitive touch
corners of the conductive film 6. position coordinate of the

cont act g&’ﬂé?femgd_}eQ% BRUALRECINoHEL G818 bOFedTBIN TGT OF1d NI GUILEDES, of

(relative rati

the touch panel-equipped liquid crystal display device of the first embodiment of the present
disclosure.

20 Termmals 11a, 11b, 1lc, and 11d for position detection (corresponding to the
above-described terminals 11) are connected to four corners of the conductive film 6 for
position detection.  Alternating voltage for position detection is supplied from an alternating
voltage generator circuit 18 to the conductive film 6 through the terminals 11a, 11b, 11c, and
11d.

25 In this example, the alternating voltage generator circuit 18 is shared by the four

10



20The currents flowi ng through the four corners of the conductive
film®6 when the finger etc. touches the touch panel are referred to
as il, i2, i3, and i4, respectively (see FIG 4). This exanple w |

be descr| rem. se it t r.ent es.ngt fl ow n.th .
cont act SRy LG8} 7% afan R SusihEF PSR i absds Rl By o s
current actuglly flows through str capaci tance_even. when the

cont act 5}&@@6 g long S RSFARAE opRFat OlfF S ePhase ARd Befertial éet Poppplisdq When
change (an increment) of the current due to the formation of the
contact pdeaft thetgainags d5e prayiftedi meentact point betwepp thedsraipile candegetdaiyed.
coordi nates of the contact point on the conductive film®6 can be

obt ai ned by t heAfcohfactvpaigt ieqommtddonsthe conductive film 6 Whén alpbn or a finger touches
(i2+i 3)/(il1l-Fi 2Fi 3+4) (Equation 1) 5Y=ki+k2. (it-Ei2)/( 1+12+ii +i 4)

(Equad i obr ebscdiappohtidviangrRed of HRN®nIBMva 88 Q@f@y@iolualb;pgnql%qai@ge‘&ﬁ*uid
[12/(i2-Fi4)+i3/(11+13)] (Equation 3) Y=k1+k2[ii/(it-Fi3)-Fi2/(i +4)(]:l

(Equati op, ﬁt)alli' 1 gﬂ BURL Aot Eﬁ\?el ?&R Aot Abwhine 1 ot §kificati
poi nt on the c%%é c%ﬁve f#lﬁ?%? 0 %ﬁF "a ggcooréﬁnatg of ?heggghg%%?om
poi nt on_the conductive fi.lm®6, kl.is an offset #0 when an qut put

Goor di nals PR egEfersdi ey hal Al fcs PubR i B and sy Gpanag; on the
and k2 designate_constants which are i ndependent from i npedance of

the oper &@muctivefilm6.  proyided that a center of the coordinate input
region is an origin point, Equations |14 can be represented as

Equati ons 5-8. Whkmithe gavdcBpoint iigdfionfied en2hé icotElug)ivg Btyndt, itloncdidudtile film 6
(i 1i 2-Fi 3-Fi4) (Equation 6)

10 and ground (a ground plane) are capacitively coupled. The capacitive coupling is, for
example, synthesis of capacity between the protective film 25 and the conductive film 6 and
impedance between an operator and the ground (a ground plane).

Electrical resistance between the capacitively coupled contact point and each of the
four terminals 11a, 11b, 1lc, and 11d at the four corners of the conductive film 6 is

15  proportional to a distance between the contact point and each terminal. Thus, current
approximately inversely proportional to the distance between the contact point and each
terminal flows through each of the four terminals 11a, 11b, 11¢, and 11d at the four corners of
the conductive film 6. A position coordinate of the contact point can be obtained by
detecting magnitudes of the currents (relative ratio).

20 The currents flowing through the four corners of the conductive film 6 when the
finger etc. touches the touch panel are referred to as 1, 1y, i3, and i4, respectively (see FIG. 4).
This example will be described on the premise that the current does not flow when the contact
point is not formed on the conductive film 6. However, the current actually flows through

stray capacitance even when the contact point is not formed. Thus, for the position detection,

25  a change (an increment) of the current due to the formation of the contact point needs to be

11



The follow ng equations may al so be avail able. X=ki 41/ (i2+i4)-(i
3)/(i1-E 3)] (Equation 7) Y=k Ri1-i3)/(il-Fi3)(i2-id4)/(i2-fid)]
(Equation 8) 20Thus, the contact point formed on the conductive film
6 can be Qttgt agined from nmeasurenents of the currents il, 12, i3, and
i4 flow ro'ng 1[mﬁr‘ough the four termnals 11 a, 1llb, 11c, and 11d. Wen

t he coordi nates_cannot_ be obtained wth _sufficient precision from

t hese equati onstOrsrgREIE: %@d}éf&@ﬁr wgtes o theaioaticbpeiamen tiﬂ@ﬁ@?@lt%lﬁ%&haé can
required. In the present enbodinent, as shown in FIGS. 1-3, the

conduct i beobteingd by ithecloligwingriaveitorsa, openi ngs 6b surrounded by the
wires 6a are fornmed in the conductive film®6, and the conductive film

6 is in the shagekek, qi,#B)/(if-9f#PRd,)iEqidtienwhres 6a. The wires 6a are
arranged in a non-transmi ssive region Da (a region where the light L

does pot pass) Qf. the displ.ay regi D,. and the openings 6b are
formag in a trahsfi' éi({)?z%g#lbﬂﬁ%ﬂ?gﬁuartlgﬁiggn where the 5light L

passes) of the display region D. More specifically, as shown
in FIG 1, the Tha®iodamgofquatimscondalst bavavaflablm 6 are arranged in the
non-transm ssive region Da (a region where the black matrix 32b is

provi ded) of 't he—gllap i, agioN 2] afthalibesppeni ngs 6b of the

conductive film®6 are fornmed i n tf’ue transm ssive region Db (a region
where the col or_layer 32a arranged.between the black matrix 1032b is
provi ded) of thE=&it&piladfiiFigiighin] (Equation4) 3 thi s configuration, as
shown in FIG 1, the wires 6a do not block the light L, and the Iight

L can pass t hroughe tetiopg X gs BRkoordmate e the oehigdt pviit bh ltie &@ndlidtdre film 6,
Wi res 6a arranged in the non-transm ssive region Da can function as a

condygt i weisRavteoorehtd B?tf@%ﬂia@gﬁoiﬁtboﬁ HeBHdhdtive BHBmt 6, AN SIS SHYE (0 when an
region Db can function as a transm ssive part. 15Si nce the openings

6b are f 8%89030%&&% 90 %H%fn' ﬁ/oqntf),i An'a] lg_’is %gﬂfﬂ%ﬁﬂ&n OfSy?’ner?st &l &nadl ko designate
constants which are independent from impedance of the operator.
Provided that a center of the coordinate input region is an origin point, Equations 1-
4 can be represented as Equations 5-8.
15 K=k (iz+i3-11-14)/(1; Fia+is+ig) (Equation 5)
Y=k - (1;Hp-13-14)/(1) HaHi3Hs) (Equation 6)
The following equations may also be available.
K=k [(i2-14)/(12+14)-(1;-13)}/(1;+i3)] (Equation 7)
Y=k~ [(i1-13)/(11H13)+(i2-14)/(iz+i4)] (Equation 8)
20 Thus, the contact point formed on the conductive film 6 can be obtained from
measurements of the currents i1, 12, 13, and 14 flowing through the four terminals 11a, 11b,
Ilc, and 11d. When the coordinates cannot be obtained with sufficient precision from these
equations, higher-order correction calculation is performed as required.

In the present embodiment, as shown in FIGS. 1-3, the conductive film 6 includes

12



used for form ng the conductive film®6 can be reduced, and costs can
be reduced. In the present enbodiment, the wires 6a of the
conductive film6 are nade of the sanme material as the interconnects

13. Thus, .the conducti.ve fil and t.he interconnec 3. can

s mul ¢ antBbe5y BT o et R B S oo g TR BEDR shefile flm ¢ g the

reduced. 20 The terial for formng. the wres 6a of the conductive

filmeé a%@ﬁ?‘@rfgghgésdﬂléhﬂ@aﬂsﬁaﬂﬁgfoﬁé‘éﬁwi’ DVITEY O s g eiFes @;r?ﬁe grranged

non-transparent conductive material (a nmetallic material) having

conduct i in & pogdrngeisssedesiohilly (asrogepawberctthe lisht bsdoga npbpasshgf thredisplay

conductive film®6 are arranged in the non-transm ssive regi on Da of

t he di sptegjonr Bghmh tHe, opgnthgace are foratadaingettansmitdiee tepamshh 5 irsggon &dicomnthe

Db as descri bed above. 25The netallic material may be gold or

pl atinumifg 1i pREQY 6f eMsplanegioh®.corrosion.  Silver may al so be used

to i nprove conductivity. Copper or alum nummay al so be used to

| Tpr ove wor kab'l’l&b}eys ecifically, as"ﬁgwﬂfi tHe, Tl Mrgs @Rto?rtl}ueal:(gﬁﬁ M;Eeﬁl 6 are
g}) the W r'es f iTm b el

material for formn a of thé ¢tonductive I m nat es

the need to use indiumtin.oxide.(lITO, whi.ch is n |1y, us 5 as
the mat cPFaEetEn Fdior s isdiind e o Be FOLST piiee 6 Bl it 5 78 rgicee)
of the conductive film6 can be forned wthout using an expensive _ .

mat er i al of the display Tegonl}.eandethe genmgs O8rfudeispadygtivi fgmafi e Harmed n the
i nterconnects 13 may be nmade of a transparent conductive material.

Mor e spetaisnusdiveregionddl (aanegivanérere thermdloc ldyer 3 2mareanigad betmgeibthedlack matrix
transparent inorganic material, such as indium oxide, zinc oxide, tin

oxi dey eBzb is PRévided)Qf HrRNEFAIEREionESI N materi al . When t he
transparent material is used, adverse effect on display quality can

be reduced as %Wﬁﬁrc%ﬂﬁgérfa@oﬁ RE SEAREINPRT Q, E%%i?&h%atJ@ﬁ}ﬁ%&%e light L, and

material is used. Specifically, reflection’of Iight by the conductive

mat eri al ,c reduc ngd reductien i ' qual ity 2
ront ol oy B S BSFthou i PHRES S ¢ RO el b B Mo
such as indium oxide, zinc oxide, tin oxide, etc.,6 .is used,

) t hin.
pattern 8t MCHROTCRHIITISSTYPercRIAN S 8l fuprtion sk QOndAREYE PHE %%ﬁ&m%s 6b

resin material is used, the conductive film®6 and the interconnects
13 can bérmgd aetheangnispive xgaes Ph an Enetipaea transgnissase port nt i ng.
To inmprove the conductivity of the conductive film6, the wres 6a of
the 120 conduct $iee fhelomegingnéb tleeformedmctha nectustit3fian 6, pr ahewalify material
made of a material having a surface resistance of 1500/0 or |ess.
used for forming the conductive film 6 can be reduced, and costs can be reduced.
In the present embodiment, the wires 6a of the conductive film 6 are made of the
same material as the interconnects 13. Thus, the conductive film 6 and the interconnects 13
can simultaneously be formed, and the number of fabrication steps can be reduced.

20 The material for forming the wires 6a of the conductive film 6 and interconnects 13
does not need to be transparent, and a non-transparent conductive material (a metallic
material) having conductivity can be used. This is because the wires 6a forming the
conductive film 6 are arranged in the non-transmissive region Da of the display region D, and

are not arranged in the transmissive region Db as described above.

25 The metallic material may be gold or platinum to improve resistance to corrosion.

13



Aline wdth Wand a pitch P of the wires 6a of the conductive film§®6
are determned to correspond to a line width and a pitch of the black
matrix 32b constituting the non-transm ssive region Da of the display
regi on D en s t.tance of .the.display 25reqgi.on D._ Far

exampl e, SPRaTRRAS, b EREllgrBRGE SreddRul ~EoPis orafMflha tuy Jig g e v
the pitch P may be set to 20-500 pm The line width Wof the

W res 6a“BFBFﬁ@%98§HHXTive filme6 is preferably increased as nuch as
possible, and the pitch Pis preferably decreased as nmuch as possible
to ensure the susd aéche anstalligroeatesal ahdhavmateriabafor Spmmaghibe Wies 6a of the
fabricating the touch panel -equi pped liquid crystal display device of

t he pr esenidvetibofllnmdniliminbtes the bed ¢ nienidivet awoxklegI D@} tvhithdb gbineally used
present enbodi nent includes fabrication of the TFT substrate,

fabrigat homhedhatbhd EihSththirehtooni@tBIAIAN Ahul hBe ¢aRIYE LT ¥R bhiuBtive film
and bondi ng of the substrates. (Fabrication of TFT Substrate) 10For

cxarpl . oT5Te AhflopPLER EOMERATEnGORART on an neu) o i ng

substrate _ _ | y_patterning to forma TFT
Fesin i< appl | oloRTEn g G G EUERER ek inkaErine @By Y bt fiage of o
and the resin is rubbed to forman aligtunent film _ )
Then, spHaRSPEETT senduglayomaisrialst iMorgapeqittally, Hiedrapsparend capdushve juterial may
entire surface of the 15substrate to form spacers. Thus, the TFT
substrat e 2 tampivent mbrdeoat materighondats anlioh @oded wotc wadditimpxide, ete., or a

10 transparent resin material.

When the transparent material is used, adverse effect on display quality can be
reduced as compared with the case where the non-transparent material is used. Specifically,
reflection of light by the conductive material can be reduced, and reduction in display quality
due to the light reflection can be alleviated.

15 When the inorganic material such as indium oxide, zinc oxide, tin oxide, etc., is
used, a thin pattern of the conductive film 6 can be formed. When the transparent resin
material is used, the conductive film 6 and the interconnects 13 can be formed by an
inexpensive technique, such as printing.

To improve the conductivity of the conductive film 6, the wires 6a of the

20 conductive film 6 and the interconnects 13 are preferably made of a material having a surface
resistance of 150Q/0 or less.

A line width W and a pitch P of the wires 6a of the conductive film 6 are
determined to correspond to a line width and a pitch of the black matrix 32b constituting the

non-transmissive region Da of the display region D to ensure transmittance of the display

25 region D. For example, the line width W of the wires 6a may be set to 5-50 um, and the

14



Then, a netal filmof copper or alumnumis formed on a surface 3a of
a CF substrate 3 (an insulating substrate 31) opposite a liquid
crystal layer 4 by sputtering, and the 20 nmetal filmis patterned by

phOtO'itgﬂa{ﬁgﬁgb%%%n%bﬁﬂkﬁ.rBO formw res 6a. Thus, a conductive
nstitu )

film6 c ing a capaci'tive touch panel is formed on the surface
3a of the CF supstrate 3 ite the liquid crystal |ayer_ 4.,
In this case, Eﬁ@%wé% ROBt e ies orof i somdugie i imprrerbhoingisased as

by the wires 6a as described above. The wires 6a of the conductive
film6 amechapaagelle mdahagrch Painpnéfswblyedezbrsgl snmbeh aapesiilofn oksarethe
the black matrix 32b is provided) of the display region D, and

openi ngssifacofredidtmce ofithectirasetat i | m 6 are fornmed in a transm ssive
region Db (a region where the color layer 32a arranged between the

bl acks mat ri x 328 rh&hd ©¢ HReatiaf thd@ush w{eméqﬁ@gé@nq@d ofstl A8pldviRGice of
above, interconnects 13 are made of the same material as the wires 6a

5 of 1 h?tkféoé}g%é?ﬁ Ex\ﬁ%gf_%ﬁﬂem Qill %@q:le@{r?ogﬁ' &.anﬁ%“'ﬁlleﬁxoﬁod’f{m ﬁ@s&rﬂ éntﬂ?odiment
conductive T1I'm 6. us, W fhe

as conpare t he case where

conductive film.6. and t i rconnects 13 .are forned in different
cope t HetshducRRon 4 fie. BT GRORREC(RkieRh S o, PRt oRh g e
wires 6a of the conductive film6 and the interconnects 13 may

si mul t aneRLYVLRIn. spdbengips pf thespbigralist al paste nade of a netallic

mat eri al such as copper or alum numby 10 screen printing or ink jet

pri nt i ng{Faendatpat afdrti Pigpstrhte) net al past e. Then, a protective
film25 is forned on the surface of the CF substrate 3 on which the

condugtive fil nF& eachpld) THIRt BCHREIESESrolSs areefofBEdBa ahGnGOMBIg dubStrate 21
conductive film®6 and the interconnects 13. The protective film25 is

made of  @R:10f0AB{as Qﬁbsh%rl%ﬂﬁéztgenﬁﬁé 8 if&n o WIBN AL HR 1 Q088 icﬁnﬁﬁﬁtﬁfﬁyé‘?gplay

is used, the protective fil'm may be formed by Pphotolithograp
using a 0S$ENSHE IV erjal . .printi.ng or j. et i nting, n
he 'nor BRis Dl TV HIAE v R SBRELof et Sl oBReE e kbl o

by sputtering, and then.patterned b t or et chi ng. The
provisioﬁ“%?8$ﬁ%gng?%Ef$@%£?{@§?§%g%gﬁgFW%¢g@é'nechanical durability
of the display region D (a coordinate input region) of the l[iquid
crystal displ ayllayspherical sibearabplasiin paticles acrscaligied oatthy entire surfacgnof the
color filter layer 32 including color layers 32a and a black matri x
32b, 1an ewwmtre@ad fedraygucera conmon el ectrode, etc., are fonned on the

i nsul ating substrate 31 by patterning to forma CF device | ayer

constituting thend Rl fuder282Ran BOGMricae®Ol yi m de resin is applied
on the entire surface of the substrate by printing, and the resin is
rubbed t PFormation of Conductive Film)
Then, a metal film of copper or aluminum is formed on a surface 3a of a CF
substrate 3 (an insulating substrate 31) opposite a liquid crystal layer 4 by sputtering, and the
20  metal film is patterned by photolithography and etching to form wires 6a. Thus, a
conductive film 6 constituting a capacitive touch panel is formed on the surface 3a of the CF
substrate 3 opposite the liquid crystal layer 4.
In this case, the conductive film 6 is in the shape of a net formed by the wires 6a as

described above. The wires 6a of the conductive film 6 are arranged in a non-transmissive

25  region Da (a region where the black matrix 32b is provided) of the display region D, and

15



25form an alignnment film Thus, the CF substrate 3 is fabricated.
The black matrix 32b may be nade of a netallic material, such as
tantalum (Ta), chromum (Cr), nolybdenum (M), nickel (N| , ti tani um

ér;)c K g?gﬁ%ﬁ?é,s%;@ of tﬁ% g(g'ﬂ(ﬂlldg%/é ﬁ‘in)l 6 a% ?Ormeé 1111 g%‘aﬂsﬂqggl% &”%1 pbv&? r(?glon where

e el Bk Shebaters of SLLETTIL Solons, st B DR LA e

A frame-shaped sealing nenber 5 nade of a UV/thermally curable resin
etc. is Pormed on the CF substrate 3 using a dispenser, for exanple.
Then, liquid crystal is dropped onto a region inside the sealing

menber 5 for nedApdeschibedCibosubistaradnac@s 13 @hmaddofSthbsamatmtediabas thhiwdtes 6a
the liquid crystal has been dropped and the TFT substrate 2 are

bondesl ubflgie doRduRRE MMES SdAiGre simultancoutRermed &/itBORE @On AWM EIMi6S Thus,
pl aced at an atnospheric pressure to apply pressure to front and rear

surfaces ﬁéé{:%rﬁﬁb‘:r‘ecpgmﬂglﬁjc &L q}ﬂblte thd B&Ruchid fifnga(%mﬂ ARRLSHed 11 g fonned in

seal i ng 5 sandw che et ween the onde strates, and t

bonded p S ated to e se er 5. A

ol ar 1 2P AL sisB, g Ot PR ok WG R B RWERL Ve 11 1 m 25 for e
on the conductiye film®6 and the interconnects. 13, and a pol arizer 8

i s provided on H'SYHFRERObIecARIugtTe SifB & angithe Elt?fﬁ%?ﬁsemtlﬁg pirafpppously
crystal layer 4. The above-described integrated circuit chip, which

i s an el éeforowdbyqoimpoaaretal pasie prady iofle dndtallie ntatariah suvhlas ceppaior efuntibign by
TFT substrate 202, and a flexible printed board is attached to the

t er mial secregi plﬁlltin“g'hm$nk jehpriiitinge indopdietning theinpfalchabiequi d cryst al
di splay device 1 shown in FIG 1 is fabricated. The present
enbodi ment descridyed pReMeeGRm P RVioiBed b tedduk AW BOHRAVANIRERE 3 on which
the conductive film 6 and the interconnects 13 are formed to cover the conductive film 6 and
the interconnects 13. The protective film 25 is made of an organic or inorganic material.
When the organic material is used, the protective film 25 may be formed by photolithography
15  using a photosensitive material, printing, or ink jet printing. When the inorganic material is
used, the protective film 25 may be formed by sputtering, and then patterned by wet or dry
etching.
The provision of the protective film 25 can improve mechanical durability of the
display region D (a coordinate input region) of the liquid crystal display device 1.
20  (Fabrication of CF Substrate)
A color filter layer 32 including color layers 32a and a black matrix 32b, an
overcoat layer, a common electrode, etc., are formed on the insulating substrate 31 by
patterning to form a CF device layer constituting the display region D. Then, a polyimide

resin is applied on the entire surface of the substrate by printing, and the resin is rubbed to

25  form an alignment film. Thus, the CF substrate 3 is fabricated.
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(1) In the present enbodinent, the wires 6a constitutes the
conductive film®6, and the openings 6b surrounded by the wres 6a are
formed in the conductive film®6. The wires 256a are arranged in the

el T R L R T VR e
i i . i f th
SRR TR R R

function as a conductive part, and the openings 6b fornmed in the
transm s§icv@ resginmterph i which ek mwament. spchragwerbossisviespersed,. or a resin material
Therefore, change of 5 chromaticity of the light L and reduction of

t ransm t trehekéngd sthdkeofl lagint ofdiffaent coldheadomdings li ghe trhndmitbnean
effectively be prevented without inpairing functions of the

condust i YRoddiAdR BT CORSskhtelnATH ddpstAegh panel . (2) Since the
openings 6b are forned in the conductive film®6, an anmount of the

mat eri al used fgr 1 . GO i il , --and .
Cost s can be requsagr b o3l OBk Y nade &% £ LRAMCRRAT S BHES By s
and the %Pnt er, corhgee(;ﬁs 1% are made of the_sane terial. Thus, the
conduct i VETEA PR, FUBSHATE R ANBEPE. 193 E&RPE} nul t aneousl y be
formed, and the_nunber, of fabrication steps can be reduced. This can

i nprove yi el d ofhannBayid grystal &y dreprgd amte pregionyagide ghejsealipgimemker & Humed on
fabrication costs. (4) I'n the present enbodinent, a

non-t r anpdfentbstataduct i ve material is used as the 15 material for
formng the wires 6a of the conductive film®6. Thus, the wires 6a of

the tonductive Thd OF6subatRatbes berwikeh Bye UghidderastfloRast besAS@apSAt and the TFT
metallic material which is inexpensive and versatile. (5) In

the presamstrgﬂé@qg&t;&meduaeéx%d@ea?kégwfb. silver, copper, and alum num

can be used as the non-transparent conductive material for formng

the wires 6a OfTﬁe}ﬁetq%?ntQ)?Agg% . IyO%UCt-Zig Htfilclfl(in atgadl-g%}im%s )a/err]lg;pqggtﬁor\égg rﬁgﬁllé/fpltrsaﬁggl% to

of the conductive fi rrosion, con VI
film angworkbilit of(ﬁh ongutivefil ... .(6) In the :
present SAPLARNETH SuHa¢es s 8?‘@5‘ e‘iBFRﬂB‘E‘fti \;gzeﬂﬂapé’r fight issanplied tadhg gealing
material for formng the wires 6a of the conductive film6. Thus,
refl ecti B¥mber bisghdwished hetween dhechonded wabsirates) anchhepwnded prasiyct isrtated to
reduction in display quality due to the light reflection
15  cure the sealing member 5.
A polarizer 7 is provided on a surface of the protective film 25 formed on the
conductive film 6 and the interconnects 13, and a polarizer 8 is provided on a surface of the
TFT substrate 2 opposite the liquid crystal layer 4. The above-described integrated circuit
chip, which is an electronic component, is provided in a terminal region of the TFT substrate
20 2, and a flexible printed board is attached to the terminal region. Thus, the touch panel-
equipped liquid crystal display device 1 shown in FIG. 1 is fabricated.
The present embodiment described above can provide the following advantages.
(1) In the present embodiment, the wires 6a constitutes the conductive film 6, and

the openings 6b surrounded by the wires 6a are formed in the conductive film 6. The wires

25  6a are arranged in the non-transmissive region Da, and the openings 6b are formed in the

17



25can be all evi at ed. (7) I'n the present enbodi nent, indium
oxi de, zinc oxide, tin oxide, or a transparent resin can be used as
the transparent conductive material for formng the wires 6a of the

conduct i OXIde zi nc i n i

ised. a LR isRgr nECRA S oa ik p R e 1t fopreElio Tk comass
transparent resin |s use the conductive film 6 5and the

inter (F:)onﬁle‘%'{g%’ SRETITEE Por e BYFERS2i ?ifeﬁﬁe?%ﬁdy@‘teeghﬂlﬁqﬁgaﬂ&e@cw fhe non-
printing. (8) In the present enbodinent, the protective film

25 is folAwMissvemenn PrnearBmetion Ave condustige pahi anddhe openprgsvab formed in the
mechani cal durability of the display region D (the coordinate input

regi on) ofndnkiesivé qugidncPDPstal flhatpinays devirasmissiieSpannd Hebdoierediahge of
10A second enbodi ment of the present disclosure will be described

bel ows Fblﬁom'étlbz? 6f e OZAr B ARl keR@tionbevRhifarice ¥e theﬁ?gﬁet REAYS BREDnductive
liquid crystal display device of a second enbodi nent of the present

pancl °Z§Eﬁ%p“é‘39fr o) e RePRR o S BARRE Hp R o B8 SRhscim

of the present. disclo ure FIG 6 does not shom1a pol ari zer and a
filn1sub§?P§E§ 6€ AL of easy 15 description. FIG 5is a
cross-secti onal V|eM/taken along the line B-B of FIG 6. The sane
conponents as t{{dsincstthe waeningssed arsptoamadin the sandyetivendime 4t e appunthef the
sane reference characters so that detail ed description thereof can be
omi t t ed. mAteplabnsedifemfoohingtbe tauubtiyaiilel 6 egubgpddedd; epd cbsterops balreduced.

di splay device is the sane as that described in the first enbodi nent,

and 1 not desc) bethd prestat ainbobialedyy. the WArek GdGlnd RBO &ltereGiticPRED Ark Gtkdd of
crystal display device 30 of the present enbodinent is a liquid

crystal %e%@fn%ﬁnggﬂ'élceTﬁﬂéj IHRP&F MR Bnd €341 e\‘iﬁte}&’)ﬂﬁ&b PDely &@ﬁ:lta%eously

showmn in FIG 5, an 1nsul atlng substrate 31 o a CF substrate
the |nsul in ate 31

flexible u at e I t ar

arr angedb% lgé@gﬁd%’? %{%}e n e? ?ga AN TR % alfe & ce h £5i G 'ERH Yt r%?lg of
40 may b de, of Ss_base, or a Iast c .base. 25A touch panel
conducti&@q?WFHFX§%dgﬂ§?Y@ﬂ¥W%baPﬁém}Eﬁpgiab%“?@ﬂ&ﬁ“ﬁanel i s provided
on a surface 3a of the CF substrate 3 opposite a liquid crystal |ayer

4. A touch paneld) doHgusedeneenbodiman, e ansiianspareng conichiesingterakbistused hs the

panel is provided on a surface 40a of the filmsubstrate 40 closer to
t he 1% quirdteriay Soakorhdnyethed wires 6a of the conductive film 6. Thus, the wires 6a of the

conductive film 6 can be formed by using a non-transparent metallic material which is
inexpensive and versatile.
(5) In the present embodiment, gold, platinum, silver, copper, and aluminum can be
used as the non-transparent conductive material for forming the wires 6a of the conductive
20 film 6. This can improve resistance of the conductive film to corrosion, conductivity of the
conductive film, and workability of the conductive film.
(6) In the present embodiment, a transparent conductive material is used as the
material for forming the wires 6a of the conductive film 6. Thus, reflection of light by the
conductive material can be reduced, and reduction in display quality due to the light reflection

25  can be alleviated.
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Li ke the conductive film®6 showmn in FIG 2, the conductive film42 is
connected to 5 termnals 11 through interconnects 13. The film
substrate 40 is provided with a pIuraIity of term nals (not shomh) to
which alternati b .

formnal s are 7 Hbgeienl SiptBR, RUGFRRE B gk DEMHRS rt&ransparem
respectiv ke e conductive fil the ctive film43 i
Connect e THAhEE tUé?Cﬂraﬁétl% T Rasiatb doBirG HAtT SO LTTIbG (o Ykt Ggh the
interconnects 14, 10A plurality of dot spacers 44 are forned on the
surface sendyetiyhlncs. s&ﬂ?ﬂrlﬁ@lémaﬁ)@fﬂﬁmm%%lqeh@r tin griide icyseds mthin patean af the
to protrude toward the air layer 41 so as to prevent erroneous

cont act betdvegve filne 6 @andedoimwel. f (W 42 tanshadt desin saisedripagendottitehBlm 6
filmsubstrate 40 caused by an external factor. The CF

subst 5 at enBthanteicbtndctd 1D Gubstbaidl BlandhexfRande tkch@iq@@%hclpémtnnhg a
bondi ng 15 nmenber 45 provided in the air layer 4

nbodi 0
P as, heldorBLin RSrichMeaitRakhdr, ﬁ%’fé proflfivee ﬁﬂ%”%? é??Sﬁ%%f?%@ef the
d 14 h | 34 i . n .
foa ot ook B - il RaE Faatie TReeh kv%@yéﬂttfb%af e (i, degion Ja (the

films 42 20 _and 43 are brought into contact (a short circuit occurs
bet ween EPREMAteRYUt Ko PTLhs awd costal Aisplay davisebstrate 40 i s pressed
t hrough the polarizer 7, and current flows between the pair of
conduct i {Gecond Fmbadiment) 43. A pressed position on the surface is
detected by sensing a change in voltage (i.e., a change in

resi $@ ance) wheA stdvad@uibodithedda$ tHel pwsedt diedlvmeswilhBe pascribef below. FIG. 5 is
conductive filnms 42 and 43. 25In the present enbodi ment, as shown in

FIGS. 5-8.crdR8cGRMHUGIWV @f b itbBhAgankeNEd SRS 1igMid %@s@%&sp%ﬁ?%vgq&zoﬂggﬁcond

surrounded by the wires 42a are forned in the conductivef

the Condgl%hh%lﬁlg%{n éﬂ]&h[%zg}%ée{ﬁ Filsgfégtggg%fdﬁ Ee 4Ok é)altn?iLgE glap %%a fr & touch

42a, like't are

arranged in.a non- ransntss Da a di spl a on D, .and
e onenPHL Sadabed GARGT Faa i dnuks <8 U ?%at‘?%rﬁyn@@%%wt 1@ e present

Sdi splay regi on D. Li kewi se, as shown in FIGS. 5-6, the
conduct | decioprg 4BIG i dgere soinshavs amnlarizen and e film bt dorr theunthedobgasy
the wires 43a are forned in the conductive film43. The conductive

fil mM#3 desciiptiothe Biapes etroas-satioharvied tdken tahmgwhe Bse B3iof FH& Gui 'Be same
43a are arranged in the non-transm ssive region Da of the display

regi on Deorapéhchiyead piesie NGIS tHE3 Birddl @ntlddientedill et RichfcdNsyBSisHBe reference
region Db of the display region D
characters so that detailed description thereof can be omitted. A plan view of the touch
panel-equipped liquid crystal display device is the same as that described in the first
embodiment, and is not described in detail below,
20 A touch panel-equipped liquid crystal display device 30 of the present embodiment
is a liquid crystal display device equipped with a resistive touch panel. As shown in FIG. 5,
an insulating substrate 31 of a CF substrate 3 and a flexible film substrate 40 facing the
insulating substrate 31 are arranged to sandwich an air layer 41 therebetween. The film

substrate 40 may be made of a glass base, or a plastic base.

25 A touch panel conductive film 42 constitufing the resistive touch panel is provided
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More specifically, as shown in FIG 5, the wires 42a and 43a of the
conductive films 42 and 43 are arranged in the non-transm ssive

region Da (a region where the black matrix 32b is provided) in the

di spl ay reqi n e ~apeni 43b .of t onduyct i,v

f TP e ShoRe NG LI CRPARLAGE 2RANE o \ﬁgmrgecgr?/%%l BES T Bgfough panel
where the 15cql or.. | ayer 32a.arranged, between the black matrix 32h is
provi dedf‘“&gc‘iﬁﬁ%h&? %ng}s‘f}t@ij%we .gS‘St“’e touch Pfﬁle{]}ﬁ RIO¥igRd Pa@r%ﬁa%?@% Akthe
wires 4Th and 43a do not block light L, and the light L can pass

t hr ough file sabséiaiartpsclasep teaihd ligeisl aystgfexdi4in FIG 5. In the

conductive films 42 and 43, the wires 42a and 43a arranged in the
non-transm ssi veike ¢lgi amdDetineafilnf 6nkdvwom BKG. 2, densadtdtive fiiar42 isapanddnel to
openi ngs 42b and 43b formed in the transm ssive region Db can

20f ungt i eAm@salPl I 1AGSIH ifkdRnB@s 13.  The film sShshaR 4008 PHENINERh 43udhE of
43b are fornmed in the conductive filnms 42 and 43, an anpunt of a

mat eri al téglzl (1:{) ot SRR 8 Wi & Fl Woafkd fﬁoﬁﬁgﬁ{ﬁﬁtgé@orpg%upﬁied, and the

reduced, ts can be reduced. resen

enbodi nent, .as. shown in.Fl 5, the spacers 44 are arranged in.

5t he noriis MeoUTEs ab Ton Fabge hoedraivaye da 4 BPRiRy.  Dike te
openi ngs 42b of the conductive film42. The openings 42b in the
conduct i $RGUCiys Hbn dxBpcondictive 8lrg 4 s peycates to Meipmppals pEovidad on the film
spacers 44 are arranged (the non-transni ssive region Da where the dot
spacer s arbstraier@rihwaph artercameaivgdd in the transm ssive region Db of

the display region D. Li kewi se, the openings 43b in the
conduetive fil n4duakoept détaspatdie 4apeaifngsed4dbtbersublavd B bf e CHaubstrate 3
spacers 44 are arranged are arranged in the transm ssive region Db of
the di Sg'o ositB8AhONighid crystal layer™ kDS rRERRCIwaeITRRALIFEALer A1 sb hz%f §)?E£event

manner as the first enbodi nent descri bed above, the wites 42a o

conduct i i t teri i con t
sondict Wbt Rt 5o 0F ARSI S50, 2 A0 R BE TR 5Bl B
sanme 1Omaterial as t i nterconnects 14. Thus, the conductive
filma2 SPREUPIEHD S gﬁﬁﬁ%%? %gh%%h si nul t aneously be forned, and

the conductive filma43 and the interconnects 14 can sinultaneously be

forned. This cahhe eHiselstiatee3 pudiberiiler subsipte 4@ afcohpnded fscackipthemby artioatling

for formng the wires 42a and 43a of the conductive filns 42 and 43
15 ah@l t hemiteed s proveletisn 18 andyd4lmay be the same as the material for
form ng the conductive filme6 of the first enbodi ment A surface

resi stance of tinethe Pekest éndSodimkAs (HBNID Sudaher4u, fiedcdnduéthe SIE42 and 43,
manner as described in the first enbodinent. Aline width and a pitch

of t he. ‘Mt}%e@r'%%ﬁﬁcem, ﬁ?@teﬂﬁinﬁﬂ?mﬁpﬂﬂgqﬁt&%}égnécw f?arfhzl 43&918 %tﬁy%uﬂg panel 34

det erm ne e same nmanner as descri In connectlon

conductlggsﬁdeqhgqgfsyhe first enbodi nent.

In the resistive touch panel configured in this way, the pair of conductive films 42
20  and 43 are brought into contact (a short circuit occurs between the films) when a surface of
the film substrate 40 is pressed through the polarizer 7, and current flows between the pair of
conductive films 42 and 43. A pressed position on the surface is detected by sensing a
change in voltage (1.e., a change in resistance) when the current has flowed between the pair

of conductive films 42 and 43.

25 In the present embodiment, as shown in FIGS. 5-6, the conductive film 42 includes
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20 An exanple of a nethod for fabricating the touch panel - equi pped
liquid crystal display device of the present enbodinent wll be
descri bed bel ow. The nethod of the present enbodi nent includes

fabricat] t TET ' i f f e,
Format 1 ovtar *theSanE4fY S BhEs oL ERhielaB b S PNLE i 42
fabrication_of the TFT_substrate, the fabrication of the CE .
subst r at &4 Hia KB GFRG R b dherens el it dOBpd bhdbeires 422, like the
25substrate are the same as those described in the first enbodi nent,
and t heycatiduetivegiinpe desgaibed pnag. | Ahelatingh H2paleawangonreringransmissive region
Conductive Film After the fabrication of the CF substrate 3,

a netal DPalofdisptoppgiondr, aatl dird opemings 42 nreedoad m swafsadsiGaregiontlteof the
CF substrate 3 opposite the liquid crystal layer 4 by sputtering. 5
Then,5 t hgisprey adgidd bm i s patterned by photolithography and etching to
formw res 42a. Thus, a touch panel conductive film42 constituting

the resistive tﬂﬂ@v@is&?ﬁ?]&om iBgfI@gq 5] tﬁ?@mﬁﬂ'&ﬁ?&ﬁln@%‘aqﬁclp%@st‘ﬂ%%s 43a, and

substrate 3 opposite iquid crystal Tayer

step, the_conductive fil 2 ks int shape of, a net faqrned t he

i ros 4o SERCE FrabaRL I8 bR e 18 S RaRe, R crnadidGotim 14 4The
are arranged iin a non-. 10 transm ssive region Da (a regi on where the

bl ack matgidictpiing 45, igvp daeishape ¢fire nel Wpinad bydye owras, $and Tapetirsigtda are
42b of the conductive film42 are fornmed in a transm ssive region Db
(a regi omrranged én theenopdtapsmisaiye regom Darof Aingydisplbe tagienDt el the apkningst 43bxare
32b is provided) of the display region D. As described above,

i nt erconfieies inlthe anaasmBsiee afgidd®Bb saMme digplgrieglonds the wires 15 42a of

t he conductive film 42, and are sinultaneously fornmed with the

conductive fil i spbBHRallPSasCRBRAN RAFIY. 1) thdGikcd S a WA Bal f¥ethe conductive

conductive film42 and the interconnects 13 are fornmed in different
steps, t f bricatio t d .

i ros. 420y 47 REE 3 est b AR 1B TR ANRE B IR o regiopy gy e black
si mul t aneousl y.be forned by printing netal_ paste nade. of metalljc
Tt or i al TOHEN228 Tt GBATED oY Phl IR RABY: St dtn st shiiney L R 4pbiof the
printing, and patterning the netal paste. - Then, a film

subst r at eondloctivedBIngt 4) gng 8 oy Ifemesd Wolhy dranymissize regiopddly & Fegianwhere the
terephthal ate, etc., is prepared, and a netal film nmade of copper or

al un huncaler fageri2d amangedshet wanehedblaclofatrhe3 4 ik presudest) phthe ddplayirogien D.
to the liquid crystal layer 4 by sputtering in the same nmanner as the

formatio 3 of tha teigrRetEiirmeo, tHeWided 425han 434 B8 noEBIBLK fight™, lafd the light L can
patterne

pass through the openings 42b and 43b as shown in FIG. 5. In the conductive films 42 and

43, the wires 42a and 43a arranged in the non-transmissive region Da can function as a
conductive part, and the openings 42b and 43b formed in the transmissive region Db can
20  function as a transmissive part.

Since the openings 42b and 43b are formed in the conductive films 42 and 43, an
amount of a material used for forming the conductive films 42 and 43 can be reduced, and
costs can be reduced.

In the present embodiment, as shown in FIG. 5, the dot spacers 44 are arranged in

25  the non-transmissive region Da of the display region D in the openings 42b of the conductive
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25by photolithography and etching to formwres 43a. Thus, a touch
panel conductive film43 constituting the resistive touch panel is
formed on the surface 40a of the filmsubstrate 40 closer to the
liquid c t,al 4 . I [:S e as cri bed .abo -1 he.
conduct | AR mipsSpettngs g sBhdiflide B Fafl S0 b ptBE ot il Mion
I nterconnects 14 are made of the sane material as the wires 43a of

5t he congl?c‘ﬁqt\ﬁaa‘ffifﬁ %141??1 a%ﬁ@eér(g“esl?%ﬁrﬁné‘ﬂ’éﬁﬁfs‘ﬂ EOgr e gvhRre ﬁ‘et Spacers are
conductive film 43 ~ Inthis case, the wires 43a of the

conduct i ¢@afgedhagIrrangpdiinéhe rnsmisiieaegion Db ofile display regimolds| y be
formed by printing netal paste nmade of a netallic material such as
copper or al um hikewlsy, the bpatingy43btih tige @ndudtivejféin 4% ¢xeeptrigs than@enings 43b in
patterning the nmetal paste. Then, dot spacers 44 nade of a

non- condygidhV@ier &% isPpadtid ani Rk arShedd A a’%fhn%&f YA itle &Bndn@Sdive rédidh Db of the
formed on the surface of the CF substrate by photolithography.

(Bondi ngyQ Iaglllp%&{gtes) A frane-shaped bondi ng nenber 45 nmade of a
resin matefial Tontaining acrylic resin spacers (not shown) is forned

on the CF subst e 3 usin .di spenser, for exanple..Then, the .
Substrate 3 andiHE PFsih QPR o G apmC RAREaeY (e ithrDiarny degoribed
the 15 bondi ng nmenber 45 interposed therebetween. In this step, the
wires 4380 thfe WEAdtR P éhe cppduetve fdmaf? Hngdardenok te same material as the
non-transm ssive region Da of the display region D, and the openings
43b of t hdercomuustlidve Likdwisel3hamares 8ot thencandectiveansnit’ sievmadegf the same
Db of the display region D. Thus, the touch panel -equi pped |iquid
cryst@l diasplabys tieviteeodnsattodn in FIG 5 is fabricated. 20The present
enbodi nent can provi de advantages simlar to the advantages (1)-(7)

Thus, the conductive film 42 and the interconnects 13 can simultaneously be

formed, and the conductive film 43 and the interconnects 14 can simultancously be formed.
This can reduce the number of fabrication steps.
The material for forming the wires 42a and 43a of the conductive films 42 and 43
15  and the interconnects 13 and 14 may be the same as the material for forming the conductive
film 6 of the first embodiment. A surface resistance of the conductive films may be
determined in the same manner as described in the first embodiment. A line width and a
pitch of the wires 42a and 43a of the conductive films 42 and 43 may be determined in the
same manner as described in connection with the conductive film 6 of the first embodiment.
20 An example of a method for fabricating the touch panel-equipped liquid crystal
display device of the present embodiment will be described below. The method of the
present embodiment includes fabrication of the TFT substrate, fabrication of the CF substrate,
formation of the conductive film, and bonding of the substrates. The fabrication of the TFT
substrate, the fabrication of the CF substrate, and the bonding of the TFT substrate and the CF

25  substrate are the same as those described in the first embodiment, and they will not be
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descri bed above. The above-descri bed enbodi nents nay be nodified in
the follow ng manner In the first enbodi nent, the touch
panel - equi pped liquid crystal display device 1 which all ows

single-t en descri bed as an exanple. However, the
@%gﬁt%éé{\%te NaRIRe

pr esent osure 1°s appllcable to a touch panel -equipped Iiquid

crystal | a i ce FIGS. 7 and 8 in which the
conduct|&%“£PWﬁ1@ﬁ§ ?Y%#ﬁﬁg the capacitive touch panel is divided

into a plurality of sections (8 sections in FIG 7) to allow

mul ti-touch i np%ﬂer the fabricatiqn) of thg G5 sulstretsl aragaetal, fibw obfcoppar tor Rlympinum is
FIG 7, and FIG | is a cross-sectional view taken along the line CC
in FIG BrmedGoa sirfacd3Boflihe it subkioate Bhepppsteathe fignidamgktdlHeyer 4 by sputtering.
S5protective filmfor the sane of easy description in the same nmanner

as FIGS. TRera ek Betal film is patiethddiySphodsiBhogdeptSiadnetdind toGorh wikdi@i2a. Thus,
terminals 11 are arranged to correspond to the divided sections of

Lhe condpGhicheoddel Bhfuch0d difiesd SBadkiltileS b lrediy RBA Hid KOHRE on the

di vi ded sectlo e con ctlve t hroug er connec

13. The multito i.,S.an in Iloms operatlon

of an el %“5#88?8*’%@1%?%@6 fpm%‘*fl%ﬁi%ﬁmwm% Fng a plurality of
points on a surface of the touch panel. 1n each of the divided

sections of thdndbiagtses theeopduchve ﬁha 3 ig i hershaps ofcongt fermsddinihs wikgs 422
be detected based on the basic principle of position detection by the

capaci t i 9% dessuibbd phned. dBscmiitsedt2ai oh theet@rdenites fidmF425are} arangadhen a non-
liquid crystal display device equipped with the nulti-touch input

t ouctn pangdsmissle tdatonDae@ @gionl whire the bihikt myeixf 32bidp@iRledy bAfgedisplay
in the non-transm ssive region Da of the display region D, and the

openi ng Sre%lbnolf) éﬂa%p‘éﬁﬁ‘i‘éb‘ abh ¥eil CIOHH&UQ’E @1honRd fdrheli h§ a ttlraﬁﬁﬁﬁ},1§§ kég‘?on Db
region Db of the display region D. Thus, advantages similar to

advant ag& egl:l')}l w(lr?e}e ﬁll% Sfor t?ae)g %5’59 Xﬁang%ﬁ' th%ve%H tt}ﬁe' 61%& matrix 32b is provided) of the
display region D.
As described above, interconnects 13 are made of the same material as the wires
15  42a of the conductive film 42, and are simultaneously formed with the conductive film 42.
Thus, as compared with the case where the conductive film 42 and the interconnects 13 are
formed in different steps, the number of fabrication steps can be reduced.
The wires 42a of the conductive film 42 and the interconnects 13 may
simultaneously be formed by printing metal paste made of a metallic material such as copper
20 or aluminum by screen printing or ink jet printing, and patterning the metal paste.
Then, a film substrate 40 made of polypropylene, polyethylene, or polyethylene
terephthalate, etc., 1s prepared, and a metal film made of copper or aluminum is formed on a
surface 40a of the film substrate 40 closer to the liquid crystal layer 4 by sputtering in the
same manner as the formation of the conductive film 42. Then, the metal film is patterned

25 by photolithography and etching to form wires 43a. Thus, a touch panel conductive film 43
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In the second enbodi nent, the resistive touch panel -equi pped |iquid
crystal display 20 device 30 has been descri bed as an exanpl e.

However, as shown in FIG 9, the conductive film 43 described with

ref erenc | : i t i

{1 m a6 cagauliE iR rEpveokERARER, b By BFRARRECRR GIREHAN MBsrate 40
of conducﬁiwg fiHns.éZ qpﬁg43d{acing each other may include the wires
42a and tHE” %gﬁﬁﬁﬁg B ymbe formed therein. In this case, the

touch panel transparent conductive film46 which is formed on the

25sur f ace 40a oft HkestER| 3 dapalsdathovaothe) adyctivg filge 43 iigin dhecshppe ot a net
| ayer 4, and constitutes the resistive touch panel is also arranged

in the tfamsdibyshywireedion [Disrohnedie] Harsphale of dy sameinatialss thheites 48 of
| ight L passes through the transparent conductive film 46,

chronft i eictepndfctivBeilmiaghind@my sehangeoushnrhedwiiitlid @ndectdle fitkesd. i ght

may be reduced. However, as conpared with the conventional technique

of providing thg hi{saRSPILERres WL YE V@ nfilidiR A #NGhPheQRteronhdlEs 14 may
entire surfaces of the |1 quid crystal display device 60, frequency at

d

which th i S ] [ rent . conductive. filmis

Feduced. SalBRko b uRORRRcd B 8IS R BRAAFRRERF o SRRINE bolGiel el s bover

devi ce sho I, N FEG. 14, the Ii%g%ﬁpasses tQ{ou h both of the

t r anspar 8ht URHER Y FEST PTHESHS BAntng, gnd palfyEning fismqialqesie: twi ce

t hrough the transparent conductive film In the liquid crystal )

di spl ay devi ce BeensHetwepacers Edanade of paopicghductive sesite matdsiabghh vk en porylic

transparent conductive film46 only, i.e., the |ight passes only once

t hr oligh tdsm, tiredfospat enthesorfakeaifitheCFistitmtraiehilisy phidiglithoggpigncy at whi ch

the Iight L passes through the conductive filmcan be reduced.

Thi s can@eaduecot idsehragige of chromaticity of the light L, and can

alleviate the reduction of transmttance of the light L due to the

conductive fil i 5 [ L L aui-d 4. al :
_n)\af%alﬁuo Qﬁ)a%:étﬁn’%{J eﬁlg r%%%lﬁbér 45(:913}![@ E .aor%%harbbtgfféi co&%@)fﬁﬁlg acrylic

di spl ay device I ment describe ove, t
conductive.film®6.is in the.shape of net forimed by.the wires 6a.
Hovever , EHERAFPE G SRR G dbs OB SPhyRice’ Wikye L Useeissln i pgple.
correspond to the pattern of the non-transm ssive region Da of the .

di spl ay region Bl%%?&ﬁ fubsirafe pmdiths Alp pushatedGran bended to eagh @hegwith the
requi red. 20For exanple, as shown in FIG 10, the wres 6a may be

ar r ahged bowdifp rmentheb 46 anteipabed thersbyiyeenl  [nsthipsstemtthaiings Héx aftheatonductive
openi ngs 6b. As shown in FIG 11, the wires 6a nay be arranged to

form subsitiant3 atdel yrgneky donhd nostlbssARsivaltylon Trdofinguliiaplhy Apgioh MYsSand the
6b, and the openings 6b may be arranged in a delta array. In

addi t i pnoEérr&ggswtesf% BSHAuBEv HOR A slRaRGHed A (NBY aREniCHDrSNAPEH SSthe
shown in FIGS' 12 and 13. 25In the enbodi ments described above, the
substrat 9&1335/%@&89%(1 ﬂ‘[uts,elrhettggcﬂc ;S)Jn'gﬁgdltﬁﬁbed liquid crystal display device 1 shown in
FIG. 5 1s fabricated.
20 The present embodiment can provide advantages similar to the advantages (1)-(7)
described above.
The above-described embodiments may be modified in the following manner,
In the first embodiment, the touch panel-equipped liquid crystal display device 1

which allows single-touch input has been described as an example. However, the present

25  disclosure is applicable to a touch panel-equipped liquid crystal display device I shown in
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of the conductive film However, the TFT substrate 2 and the CF
substrate 3 may be formed and bonded first, and then the conductive
filmmy be fornmed after the bonding. In the resistive touch

ga“e' CABHPEF. alnhof#’l!lf? uﬁg%?h?e' cgidﬁ%?ey fi lco%%ﬂ.ﬁfﬁg‘l’]‘@?;éggﬂé% o%cﬁgﬂ&g is

, the protective rOVI on t

substr at apposi.te.the. |i st al 0 coyer the

conducti Gy RE SpGHly Steetibis s é%%wwrlﬁ?%yﬁit oG Bk
advantage simlar to the advantage In the enbodi nents
descri bed aboveflG @és“f‘F‘Fnlal%?Gﬂﬂe‘ﬁPﬁﬁﬁ%IF igiHE dyandeRIGed ina$resespctional view
descri bed as an exanple of the display device. However, the present

di scl osutaken sil@pgptheclatd €-€ andfid. gt eiIGEi s’(‘phrainddﬂ/hoTeshovs tilch paleriptyTand the
liquid crystal display devices, polysilicon liquid 10crystal display

devi cgs, pan@aivt gilalfecthe earhe 6T 8§ deReiptifEly thdissht amnele\ds FESS. Phabsia
di spl ay devices, electronic paper, etc. |INDUSTRI AL APPLI CABI LI TY

As described abguig;s dabe aQrsﬁo%ﬁmn Fic el QS efmingisPar 4k %HE édxolaéﬁé%gna%me

a di spl ay device equi pped with a capaC|t|ve or resistive touc

crystal SR er%?.EOE G ug?ARf‘ d PR EHORR RO BEE Rty e

second substr urfa f the substrate opposite a liquid
E:r yst al ps of t e con uctive f l?n 8 through t%'cze interconnects 13. PP g

The multi-touch input is an input method which allows operation of an electronic
10 device by simultaneously touching a plurality of points on a surface of the touch panel. In
each of the divided sections of the conductive film 6, a plurality of contact points can be
detected based on the basic principle of position detection by the capacitive touch panel
described with reference to FIG. 4.
In the liquid crystal display device equipped with the multi-touch input touch panel,
15  the wires 6a of the conductive film 6 are arranged in the non-transmissive region Da of the
display region D, and the openings 6b of the conductive film 6 are formed in the transmissive
region Db of the display region D. Thus, advantages similar to the advantages (1)-(8)
described above can be obtained.
In the second embodiment, the resistive touch panel-equipped liquid crystal display
20 device 30 has been described as an example. However, as shown in FIG. 9, the conductive
film 43 described with reference to FIG. 5 may be replaced with a transparent conductive film
46 made of ITO etc., and only the conductive film 42 of the pair of conductive films 42 and
43 facing each other may include the wires 42a and the openings 42b may be formed therein.
In this case, the touch panel transparent conductive film 46 which is formed on the

25  surface 40a of the film substrate 40 closer to the liquid erystal layer 4, and constitutes the
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204Li quid crystal |ayer (display nmedium |l ayer) 5Sealing nenber 6Touch

panel

conductive filmo6aWre 6bOpeni ng 257Po | arizer 8Pol ari zer

11Term nal 13l nterconnect 25Protective film530Touch panel - equi pped

liquid crystiab t(ﬂ;{cﬁ&]aﬁéfl ig%léb%aﬁgéa)ln%eftliahgxﬁfssikfé¥§§i01§ A Rk disﬁya?'rregion D.
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Thus, when the light L passes through the transparent conductive film 46, chromaticity of the
light may change, and transmittance of the light may be reduced. However, as compared
with the conventional technique of providing the transparent conductive films 53 and 54 on
the entire surfaces of the liquid crystal display device 60, frequency at which the light L
passes through the transparent conductive film is reduced. Specifically, in the conventional
liquid crystal display device shown in FIG. 14, the light passes through both of the transparent
conductive films 53 and 54, i.e., the light passes twice through the transparent conductive film.
In the liquid crystal display device 30 shown in FIG. 9, the light L passes through the
transparent conductive film 46 only, i.e., the light passes only once through the transparent
conductive film. Thus, the frequency at which the light L passes through the conductive
film can be reduced.

This can reduce the change of chromaticity of the light L, and can alleviate the
reduction of transmittance of the light L due to the conductive film as compared with the
conventional liquid crystal display device.

In the embodiment described above, the conductive film 6 is in the shape of a net
formed by the wires 6a. However, the wires 6a of the conductive film 6 may be arranged to
correspond to the pattern of the non-transmissive region Da of the display region D to modify
the pattern of the conductive film 6 as required.

For example, as shown in FIG. 10, the wires 6a may be arranged to form
substantially polygonal (substantially hexagonal) openings 6b. As shown in FIG. 11, the
wires 6a may be arranged to form substantially polygonal (substantially quadrangular)
openings 6b, and the openings 6b may be arranged in a delta array.  In addition, the wires 6a
may be zigzag-shaped, or may be comb-shaped as shown in FIGS. 12 and 13.

In the embodiments described above, the substrates are bonded after the formation
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32bBl ack matrix 33Touch panel 10 34Touch panel 42Touch panel
conductive film42aWre 42bOpeni ng 43Touch panel conductive film 15
43aWre 43bOpeni ng 44Dot spacer 46Transparent conductive film D splay
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and bonded first, and then the conductive film may be formed after the bonding,

In the resistive touch panel-equipped liquid crystal display panel 30 shown in FIGS.
5 and 9, the protective film 25 may be provided on the surface 3a of the CF substrate 3
opposite the liquid crystal layer 4 to cover the conductive films 42 and 43. This
configuration can provide the advantage similar to the advantage (8).

In the embodiments described above, the TFT liquid crystal display device has been
described as an example of the display device. However, the present disclosure is applicable
to different display devices, such as DUTY liquid crystal display devices, polysilicon liquid
crystal display devices, organic electro luminescence (EL) display devices, plasma display
devices, electronic paper, etc.

INDUSTRIAL APPLICABILITY

As described above, the present disclosure is particularly useful for a display device

equipped with a capacitive or resistive touch panel.

DESCRIPTION OF REFERENCE CHARACTERS

| Touch panel-equipped liquid crystal display device

2 TFT substrate (first substrate)

3 CF substrate (second substrate)

3a Surface of the CF substrate opposite a liquid crystal layer
4 Liquid crystal layer (display medium layer)

5 Sealing member

6 Touch panel conductive film

6a Wire

6b Opening

7 Polarizer
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Frame region Light CLAIMS 1. A touch panel -equi pped di spl ay devi ce,
conprising: a first substrate; 5a second substrate facing the first
substrate; a display nedium/layer provided between the first
substratg and tg)y d%%gond substrate; a conductive filmfor a
t ouch panel pr ovi on a surface of the second substrate opposite

t he dlsp yer; and 10a display region including a
transnis ve rgbi hr ough whi ch |ight passes, and a

non-transm ssive region through which the |ight does not pass,
wherein 13 Inteeongefiducti ve filmincludes a wire, and an opening
surrounded by the wire is formed in the conductive film and

the wire2bs arrlangedve filmt he non-transm ssive region, and the opening
is formed in the 15transm ssive region.

5 30 Touch panel-equipped liquid crystal display device
32 Color filter layer
32a Color layer

32b Black matrix

33 Touch panel

10 34 Touch panel
42 Touch panel conductive film
42a Wire

42b Opening
43 Touch panel conductive film
15  43a Wire

43b Opening

44 Dot spacer
46 Transparent conductive film
D Display region

20 Da Non-transmissive region
Db Transmissive region
F Frame region
L Light
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2. The touch panel -equi pped di splay device of claim1, further
conprising: an interconnect fornmed in a frane regi on surroundi ng the
di splay region, wherein the wire and the interconnect are nmade of an
identical material. 20 3. The touch @apgkgequi pped display device of
claim2, wherein the material is a non-transparent conductive
material. 4. The touch panel - equi pped di spl ay device of claim 3,
wherein 25t he conductive nmaterial is at |east one selected froma
group consisted of gold, 29 platinum silver, copper, and al um num
5. The touch pahel -eqtﬁWéﬁpm%ﬁﬂ‘élypé}t@iﬂééy6$V1%q,§PWPQ§1H$\her ein the
material is a transparent conductive material. 5 6. The touch
panel - equi pped adfisspbubptrateyi ce of claim 5, wherein the conductive
material is at |east one selected froma group consisted of indium
oxi des zinc oXiglescohd subeithtdEacimnthe dirdtlsabspes ent resin. 107. The touch
panel - equi pped di spl ay device of any one of clainms 1-6, wherein

a protective fijm aypa&\amﬁdlagé} bRGiRH" b@&eePfind hﬁstsglﬁﬁﬁgte,sfﬁﬁfttﬁ@ts@cond

opposite the display 'nedium | ayer to cover the conductive fi

substrate;

a conductive film for a touch panel provided on a surface of the second substrate

opposite the display medium layer; and

10 a display region including a transmissive region through which light passes, and a

non-transmissive region through which the light does not pass, wherein

the conductive film includes a wire, and an opening surrounded by the wire is

formed in the conductive film, and

the wire is arranged in the non-transmissive region, and the opening is formed in the

15  ftransmissive region.

2. The touch panel-equipped display device of claim 1, further comprising;
an interconnect formed in a frame region surrounding the display region, wherein

the wire and the interconnect are made of an identical material.

20
3. The touch panel-equipped display device of claim 2, wherein
the material is a non-transparent conductive material,
4, The touch panel-equipped display device of claim 3, wherein
25 the conductive material is at least one selected from a group consisted of gold,
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158. The touch panel - equi pped di spl ay device of any one of clainms 1-7,
wherein the touch panel is a capacitive touch panel. 9. The
touch panel - equi pped di spl ay device of claim8, wherein 20t he

conduct i f1 . t 0, is divided into a plurality of
sections¥§8£g#r%§%ﬁﬁﬁ§?%i%ﬁ%1ﬁﬁﬁ§h¥. 10. The touch
panel - equi pped di spl ay device of any one of clains 1-7, wherein 25the
touch panel is a resistive touch panel. wherein the display nedium

|l ayer is a liquid crystal |ayer. . ] ) ) ‘
5. The touch panel-equipped display device of claim 2, wherein

the material is a transparent conductive material.

5
6. The touch panel-equipped display device of claim 5, wherein
the conductive material is at least one selected from a group consisted of indium
oxide, zinc oxide, tin oxide, and a transparent resin.
10 7. The touch panel-equipped display device of any one of claims 1-6,
wherein
a protective film is provided on the surface of the second substrate opposite the
display medium layer to cover the conductive film.
15 8. The touch panel-equipped display device of any one of claims 1-7,
wherein
the touch panel is a capacitive touch panel.
9. The touch panel-equipped display device of claim 8, wherein
20 the conductive film of the touch panel is divided into a plurality of sections to allow
multi-touch input.
10. The touch panel-equipped display device of any one of claims 1-7,
wherein
25 the touch panel is a resistive touch panel.
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11. The touch panel-equipped display device of any one of claims 1-10,
wherein

the display medium layer is a liguid crystal layer.
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