1 DESCRI PTI ON Cl RCUI T BOARD, SUBSTRATE MODULE, AND DI SPLAY DEVI CE 5
TECHNI CAL FI ELD [0001] The present invention relates to a circuit
board, a substrate nodule, and a display device and, nore
particularly, to a circuit board, a substrate nodule, and a display
device in which an alignnment mark for lconnection to a flexible
printed 10 circuit is fornmed. BACKGROUND ART [0002] Conventionally,
as a connector for electrically connecting a circuit board such as a
touch panel and an 15 electronic exible printed circuit
(hereinafter, called an "FPC") §ﬁ%§§5P@}hg FPC is

t her mal - conpr essi on-bonded to a circuit board via an ani sotropic
conductive film (hereinafter, called an "ACF"). The circuit board and
t he FPC are aFil§REAT uBPARP al FHAFRMTENHPRYLEO ANDVPHERLMedEVESRnect i on
regions so that they are not bonded in a state where connection
termnals in the circuit board and connection termnals in the FPC
are deyi atredplyrepr.eachrot her. [0003] The alignnent mark in the FPC is
formed by copper foil which is the sane as a wire in the FPC. Since
copper is[@OﬁéﬂaEhESPhavéng Lovenrtight telates ﬁmameedgﬁ@déihaﬁrér a

called an "gp " Vi Si 1I| f the al gnnent k faormed by
copper f0|I% gg Sﬁmfi 4Tn%ﬁi$ o%% FVAaRd "thE°a |gnn§ﬁﬁlﬁ§ K’ for
the circuitds Qoéiﬂcﬁﬁt Ao, PROYLESEr § RIelRI M Bhat Hes CneCie@Rce
termnal 30 in a region from which a protective filmon the board is
renmoved. in which an alignment mark for connection to a flexible printed

10 circuit is formed.

BACKGROUND ART
[0002] Conventionally, as & connector for electrically
connecting a circuit board such as a touch panel and an
15 electronic part, a flexible printed circuit (hereinafter,
called an “FPC”) is used, The FPC is
thermal-compression-ponded to a circuit board wvia an
anisotropic conductive film (hereinafter, called an “ACF”}.
The circuit board and the FPC are aligned using alignment marks
20 provided near connection regions so that they are not bonded
in a state where connection terminals in the circuit board and
connection terminals in the FPC are deviated from each other.
[0003] The alignment mark in the FPC is formed by copper foil
which is the same as a wire in the FPC. Since copper is a metal
25 having low light transmittance (hereinafter, called an “opague
metal”), visibility of the alignment mark formed by copper foil
is high.
[0004] On the other hand, the alignment mark for the circuit
board is often provided together with the connection terminal

30 inaregion fromwhich a protective filmon the board is removed.



2 \Wen the connection termnal is forned by an opaque netal film the
connection term nal absorbs noisture in air and becones susceptible
to corrosion. When the connection termnal is formed by a stacked
filmmade of an indiumtin oxide (hereinafter, 5 called "ITO") film
and an opaque nmetal film thel TOfilnmedsily peels off in the interface
with the opaque netal film Thus, in the case where the connection
termnal in the circuit board includes the opagque netal film there

is a pr Ob'vﬁl@fst'lﬁf@ ctoﬁﬁiec"c%hg;@ﬂrdi%)élois tf'&?rn%B%%?# ! RA he DT WRER, the

FTC and the 10 circuit board is not assure € connection
term nal ithet Renakeeibh beafithdls deored eabliytbyethe diOdrd mecbhes
problemis solved. Further, when the alignment mark is also formed by
the 1 TO fiTWCePsiPLRoREI CAETPAE PN DBISRedMa HPHISGHPENESFELR2ANdSt he

connect| Orfotrg{e@' % scl%%% 09L; 190K Mo o?oant 1 hﬂﬁ%%%eléqér’éi%&%ter,
circuit board an he €can be performed wt i gher precision.

[ 0005] 5Japanese Patent £ Applanciadh opabak dre@aans Non, Hak /0286 Basily

di scl oses a nethod of manufacturing a liquid crystal display device
in which ®l&nsparentthel deteblece widhdi8pl WRWR Meitedlobl1Rss TS bl e

and a transp I I 1 nal i rk
are vi si blqz. @Ef‘ﬁggaeﬁ%e%%%gg%éaﬁaﬁ?EQE%I?%%&S%%%&%%@%% O%%ia m on
an i nsul atiinrg uslebsthat & adhes aletthlle fOIganitoedhiin &i b Berf arueed taatt he
transparent electrode in the termnal part and on the alignnent mark

and, aftereiA&PiliR¥ 25 FASUFARPAG-SUbRTER IR thsl FY L P84 S
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the circuit board is formed only by the ITO film, the problem

is solved, Further, when the alignment mark is also formed by

the ITO £ilm, positicnal deviation between the alignment mark

and the connection terminal does not occur, so that alignment

15 in the circuit board and the FPC can be performed with higher
precision.

[G005] Japanese Patent Application Laid-Open No. Hel 7-128675

discloses a method of manufacturing a ligquid crystal display

device in which a transparent electrode in a display unit is

20 less visible and a transparent electrode in a terminal part and

an alignment mark are visible. The electrodes and the mark are

formed by an ITO film on an insulating substrate. A soluble

organic thin fiim is formed on the transparent electrode in the

terminal part and on the alignment mark and, after that, the

25 insulating substrate is thermally treated. Since oxidatien in

the transparent electrode in the display unit proceeds by

thermal treatment, the transmittance of the transparent

electrode in the display unit becomes higher as compared with

that prior to the thermal treatment. However, the transparent

30 electrode in the terminal part and the alignment mark are



thermal treatnent, the transmittance of the transparent electrode in
the display unit becones higher as conpared with that prior to the
thermal treatnent. However, the transparent 30 electrode in the
termnal part and the alignment nark are 3 covered with the organic
thin film they are not oxidized by tie thermal treatnent. In such a
manner, while maintaining the display quality of the display unit,
the transparent electrode in the termnal part and the alignnment mark

are made V I QQCQNFNI TE %EN! [0 ent
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[0007] However, in the case of formng the alignment mark in the
circuit beHe®len Judphi ithef | the fiprla%iuidé  t Hee [Cirghgrarent electrode

in the terminal part and the alignment mark are made visible.

5
PRIOR ART DOCUMENT
PATENT DOCUMENT
[(0008] ({Patent Document 1] Japanese Patent Application
Laid-Open No. Hel 7-128675
i0

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0007]) However, in the case of forming the alignment mark in
the circuit board only by the ITO £film, since the light
15 transmittance of the ITO film is very high such as 80% or higher,
at the time of aligning the FPC to the circuit board, the
alignment mark in the circuit board becomes less visible.
Consequently, at the time of manufacturing the substrate mcedule
in which the FPC is electrically connected to the circuit board,
20 by performing alignment between the circuit board and the FPC
using the alignment mark made only by the ITO film, misalignment
tends to occur between the circuit board and the FPC, and the
yield of the substrate module deteriorates. Meanwhile, when
an alignment apparatus is medified so that the alignment mark
25 made oniy by the ITO film is visible in order to improve the
yield of the substrate module, the cost for the modification
is necessary. Thus, when the alignment mark made only by the
ITO film is used, the manufacturing cost of the circuit board
and the substrate module using the same is high.

30 (0008] Further, in the case of controlling the transmittance



15 transmttance of the ITOfilmis very high such as 80% or higher,
at the time of aligning the FPC to the circuit board, the alignnent
mark in the circuit board becones |ess visible. Consequently, at the
time of manufacturing the substrate nodule in which the FPCis

el ectrically connected to the circuit 4board, 20 by performng

al i gnnent between the circuit board and the FPC using the alignnent
mark made only by the ITO film msalignnment tends to occur between
t he circui r ng.t PC, _a ' ..of . t.he t rat |l e
deterior atotefsf% gr?\%hi(}llég \}R/Ee%hgnﬁgl:%gﬁn%%%gbbp%dr a]tmust#%%r?S%i % Fggggo
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met hod described in Japanese Patent Application Laid-Qoen No. Hei
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treatment process. As a result, the manufacturing cost of the l[iquid
crystal dimsshag %ﬁ%@%é@@é@ﬁﬂ:&ﬁcmﬂt@r FHeet r 3Pt amerheld the
descrheed tlr%npgg?g\g[)gféj tdel’int Eﬁé{é}}r?méf %gg% gltl Fﬂ'lee Jaq_ignme t
transparent “erectrode Th the termnal part and the ali gnment “mark

does not ehamngachef aoe amchgd teyfdrhe ahbesmakrt teat fFdmadr @Ge@S%ment
Therefore, even when the thermal treatnent is perforned on the
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visibilit f ' . ' d .obj.ect
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PROBLEMS [ 0010] A first aspect of the present invention provides a

ci rcutP bd&@PE°N&Fi-ng an insul ating substrate, including: a

connectio LA Ral formed qn . the | | ati. rate and_use r
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provide acircuit becardwith improved visibkility of an alignment

mark.

20 MEANS FOR SOLVING THE PROBLEMS
[0010] A first aspect of the present invention provides a
circuit board having an insulating substrate, including:
a connection terminal formed on the insulating substrate
and used for electric connection to a flexible printed circuit;
25 and
a first alignment mark used for alignment to the flexible
printed circuit, wherein
the connecticn terminal is formed by a transparent
conductive film, and

30 the first alignment mark includes a first mark formed by



a first alignnment mark used for alignnment to the flexible printed
circuit, wherein the connection termnal is forned by a
transparent conductive film and 30the first alignnent mark includes
a first mark formed by 5 an opaque conductive film [0011] In
accordance with a second aspect of thé& present invention, in the
first aspect of the present invention, the first alignment mark is
made only by a first mark 5 fornmed by an opaque conductive film

[0012] In acg EQGQCS?ﬁéﬁékfké*ﬁﬂf%daspeCt of the present invention, in
e n

the first aspect of prese I nventi on, the first alignnent
mar k furt henililncludes drseeerd vtk 4 osaeshdyaspédansparest present
conductive film and 10the second mark is fornmed on an upper surface
of the firsverhirn, in the first aspect of the present invention,
the first alignment mark i1s made only by a first mark
5 formed by an opague conductive film.
[0012] In accordance with a third aspect of the present
invention, in the first aspect of the present invention,
the first alignment mark further includes a second mark
formed by a transparent conductive film, and

10 the second mark is formed on an upper surface of the first
mark.

[0013] In accordance with a fourth aspect of the present
invention, in the first aspect of the present invention,
the first alignment mark further includes a second mark

15 formed by & transparent conductive film, and

the first mark is formed on an upper surface of the second
mark.
[0014] In accordance with a fifth aspect of the present
invention, in the first aspect of the present invention,

20 the circuit board further includes a first wire
electrically connected to the connecticon terminal and formed
by the opaque conductive film, and

the first mark is formed by an opaque conductive film made
of the same material as that of the first wire.

25 [0015] In accordance with a sixth aspect of the present
invention, in the first aspect of the present invention,

the first alignment mark is covered with a protective
film.
[0016] In accordance with a seventh aspect of the present

30 invention, in the first aspect of the present invention,



[0013] In accordance with a fourth aspect of the present invention,

in the first aspect of the present invention, the first alignnment
mark further includes a second mark 15 forned by a transparent

conductive film and the first mark is formed on an upper surface of

the second mark. [0014] In accordancebwith a fifth aspect of the

present invention, in the first aspect of the present invention, 20

the circuit board further includes a first mﬁre electrically

connected to th@hgcﬁﬁﬁﬁééé¥5ﬁ Qgg {? chtégﬁ 2paque g

conductive film |rs y an opaque

conduct|V©nﬁwImynader@ﬁs@&&Eﬁ@nﬁnﬁmkﬁ&walfasmthat of the first wre.
25[0015] In accordance with a sixth aspect of the Eresent i nventi on,

in the firld0lddpder ascorRanpeeydihh PRvEAChsh, 2BRECE] PSt LAR| §RRERRT
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wth a sevent the present i ivent ron; in
aspectsofatherﬁﬁﬁgeﬂb aﬂyewﬁe(nf the first tbheeﬁémﬁﬁxﬂspyttbebﬁiﬂ&b
the circuit board is formed only by a transparent conductive film
present invention and a flexible printed circuit electrically
connected to the circuit board, wherein
the flexible printed circuit includes:
a flexible substrate;
10 a second wire formed on the flexible substrate; and
a second alignment mark formed near the second wire,
and
a connection terminal in the «c¢ircuit Dboard is
electrically connected to the second wire aligned by using a
15 first alignment mark in the circuit board and the second
alignment mark in the flexible printed circuit.
[0018] In accordance with a ninth aspect of the present
invention provides a display device having the circuit board
according to any one of the first to seventh aspects of the
20 present invention and a display panel displaying an image,
wherein
the circuit board is a touch panel formed by a transparent
conductive film and further including a touch sensor for
detecting a touched position, and

25 the display panel is disposed so as to face the touch

panel.

EFFECTS OF THE INVENTION
[0019] According to the first aspect of the present invention,

30 the first alignment mark used for alignment to the flexible



[0017] In accordance with an eighth aspect of the present invention
provi des a substrate nodul e having the circuit board 5 according to
any one of the first to seventh aspects of the present invention and
a flexible printed circuit electrically connected to the circuit
board, wherein the flexible printed ci’rcuit includes: a flexible
substrate; 10a second wire fornmed on the flexible substrate; and a
second alignnment mark formed near the second wire, and a

connect i O%rﬁﬂftgh "rd'dlcf g&‘ £ §n Q@%r&}cﬁliﬁ‘% BGLEL Calhy ﬁPPs”@ﬁh‘EQ to
the second wire aligned by using a 15 first alignment mark 1n the
circuit baacduasd ihelsecandtadlgnmenit maek ind tfeerkkdexy bite: pphatied
circuit. [0018] In accordance with a ninth aspect of the gresent

i nvent i on GoPAVraESf it Brag: Hevt ke TRAVRAGS et peeftathsipdine of
accor di ng athtqgﬁgngpe @ctanstaalhﬁ_\}:ﬁnltrlit 1’\79 §§Yf{] }g @f‘p&% Sfi(}fstt r}ﬁvj\% ment

present invention and ay “pane i splayli ng an i nmage, erein
t he ci Bcuirarosscbmess aiybuchdanelpdsaried &y taetfianspal etneonadaeki ve
filmand further including a touch sensor for detecting a touched
position,lén@eiﬁFﬁéddﬁéﬁng paRe| Pigh dpEpesTPS0 #5Po SHa8e 2t RéTfbuch

panel . EFE%QE%ngtTkgEﬁBN?%E%SN the flexible printed circuit and the

clircuit board can be aligned easily with high precision.
Conseqguently, the circuit board and the flexible printed
10 circuit can be electrically connected without causing
misalignment.
[0020] According to any of the second to fourth aspects of the
present invention, since the first alignment mark includes the
first mark formed by the opaque conductive £ilm, the same effect
15 as that of the circuit board according to the first aspect is
produced.
{0021] According to the fifth aspect of the present invention,
since the first mark included in the first alignment mark is
formed by the same opagque cconductive film as that of the first
20 wire, the first wire and the first mark can be simultaneously
formed. Therefore, the manufacturing process can be shortened,
so that the manufacturing cost of the circuit board can be
reduced.
[0022] According to the sixth aspect of the present invention,
25 since the first alignment mark is covered with the protective
film, the first mark included in the first alignment mark does
not absorb moisture in air and is not corroded.
[0023] According to the seventh aspect of the present invention,
the connection terminal in the circuit board is formed only by

30 the transparent conductive film. Consequently, even when the



[ 0019] According to the first aspect of the present invention, 30 the
first alignment mark used for alignment to the flexible 7 printed
circuit is formed in the circuit board. The first mark included in
the first alignnent mark and forned by the opaque conductive film
excellently reflects light used at thé tine of alignnent.
Consequently, visibility of the first alignnment 5 mark beconmes hi gh,
and the position of the first alignment nark is detected easily with

hi gh precicslan. YAGN: SHEM, A il 5be AL AUENG R Kpb S USEM 28 £11n

flexible prlnte Circuit and the circui can b gned easl |y
wi t h hi ghipr egi 8b0ncoGonsenuweninby sttihe T ri.t tNMﬁﬁiﬁﬁmiéHﬂiikbE&Eble
printed 10 circuit can be electrically connected w thout causing

m sal i gnméfe. COPO@?Q&OVkRﬁﬁﬁjWﬁéhtéh% DfilfePEeRBAE T Tl 1931 be
aspects of, thﬁegresent invention, since the first alignnent mark

i ncl udes the first mark formed by t he opaque conductive film the
sanme eff eqinotB) ascddiati mef té h@eCe TgnbH abpat € oZctins girBgeh© itkvenfibat
aspect is produced. [0021] According to the fifth aspect of the
present i ®8ALI YASIBIALEYt AR FR? sTimwl Kt EINeddd Tiag kit Herfppspn the

of tho fi Faehdt i dd Tre R If SRR SRAN R SRIRLE e e SR b

si nul t aneauskymkat nEcdh Therselona, alithEnuhact birngdproers £ 1eaabhe
shortened, so that the manufacturing cost of the circuit board can be
reduced. P@@EEFdAeééiaatﬁglt of d el ijatesd - asS@%te%elttﬂé’fprt&eerftleMble
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protec |v i'Tm rrst all nnent mar k
does not &b&@ﬂbeaetspUWEtmrhng gﬂyilesoﬁot corroded. [0023] Accor di ng
to the seventh aspect of the present invention,
[6025] According to the ninth aspect of the present invention,
by using the circuit board according to the first to seventh
aspects as the touch panel, the display device having the touch
15 panel which is aligned and connected to the flexible printed

circuit easily with high precision is obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Fig. 1 is a cross sectional view showing the
20 configuration of a liguid crystal display device according to

a first embodiment of the present invention.

Fig. 2 is a plan view showing the configuration of a
substrate module obtained by electrically connecting an FPC to
a touch panel included in the liguid crystal display device

25 according to the first embodiment.

Fig. 3(a) is a plan view showing a part of the touch panel
included in the liquid crystal display device according to the
first embodiment, and Fig. 3(b) 1s a cross sectional view of
the touch panel taken along iine A-A shown in Fig. 3(a).

30 Fig. 4{a) is a plan view showing a part of an FPC included



the connection termnal in the circuit board is fornmed only by 30 the
transparent conductive film Consequently, even when the 8
connection termnal is not covered with the protective film it is
not corroded by noisture in air. Thus, reliability of the connection
part with the flexible printed circuit® can be assured. 5[0024]
According to the eighth aspect of the present invention, since
visibility of the first alignnent mark formed on the circuit board

accordi ng totliqléel ﬁéf eve Jthﬁ‘?alsgle%te‘s%i:e hégﬂlfdlﬁﬂli?{‘g%qe 'g:gtt he

second allgnnent ex Fi
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al i gned and connected to the circuit board easily wth high
preC|S|onreP@G29P Aéc@%ﬁgmmﬁﬁQ)mﬁ%#snﬁﬁﬁﬁraébééﬁm%ﬁt{he pr esent

i nvention, u§|ng tQF)C|rcg boardlg%g%rdln tgngfe Q$&§Show
sevent h aspects 125t ne'toliéh 6ah © e G pFay evice aV|ng t'he’
touch 35 pakelkseBschri ﬁaﬁhf@@&ﬁrﬂ@ annesied dadihankhexedl enpthat ed
circuit easily with high precision is obtained. BRI EF DESCRI PTI ON OF
THE DRAW NGguid [ gozefaFi gdispliay adevéss saecPonbng vitew $hew Agreke
20 conflgur tﬁ negg a liquid crystal display device according to a
first embo t the present invention. Fig. 2 is a plan

vi ew showi ng thelg@nfé GUr alol 8Ndof ae Sisidsat ecfBduh £l Ohtainetody ng
el ectrically connecting an FPC to a touch panel included in the
li quid Crygp@psgﬁggy%yoaégpééng the touch panel included in the liquid

10 crystal display device according to the first embodiment and
the FPC.
Fig. 7{a) is a plan view showing a part of a touch panel
included in a liguild crystal display device according to a
second embodiment, and Fig. 7(b) is a ¢ross sectional view of
15 the touch panel taken along line B-B shown in Fig. 7(a).
Figs. 8{a) to 8(e) are process sectional views showing
processes of manufacturing a touch panel included in the liquid
crystal display device according to the second embodiment.
Fig. 9 is a cross sectional view showing the configuration
20 of a substrate module obtained by thermal-compression-bonding
an FPC to a touch panel included in the liquid crystal display
device according to the second embodiment.
Fig. 10({a) is a plan view showing a part of a touch panel
included in a liquid crystal display device according to a third
25 embodiment, and Fig. 10({b) is a cross sectional view of the touch
panel taken along line C-C shown in Fig. 10(a).
Figs., 11(a) to 1l(e) are process sectional views showing
processes of manufacturing the touch panel included in the
liguid crystal display device according to the third

30 embodiment.



25 according to the first enbodi nent. Fig. 3(a) is a plan view
showi ng a part of the touch panel included in the liquid crystal

di spl ay device according to the first enbodinent, and Fig. 3(b) is a
cross sectional view of the touch panel taken along line A-A shown in
Fig. 3(a). 30Fig. 4(a) is a plan view&howi ng a part of an FPC
included 9 in the liquid crystal display device according to the
first enbodi nent, and Fig. 4(b) is a view showi ng the positional
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view of 15 the FoachlJaielstakénnatioryshonen@--Brshovwt Bnt Figh pEha).
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obt ai ned et ltevghl pedapr ezkdprelynadiligeaR-PPehewn ain duich gardel -
I ncl ug din theFli!ggl.Jlldq (%r)ygcta %ltl (%I)ngl:g' r%%\éls%eseacctciogncc!illngiégs tsﬁ%wﬁ?lgond
enbodi rrent .
processes of manufacturing the touch panel included in the
ligquid crystal display device according toc the fourth
embodiment.
Fig. 15 1is a cross sectional view showing <the
15 configuration of a substrate module obtained by
thermal -compression-bonding an FPC to a touch panel included
in the liquid crystal display device accocrding to the fourth
embodiment.
Fig. 16(a) is a plan view showing a part of a touch panel
20 included in a liquid crystal display device according toa fifth
embodiment, and Fig. 16(b) is a cross sectional view of the touch
panel taken along line E-E shown in Fig. l6({a).
Figs. 17(a) to 17(e) are process sectional views showing

processes of manufacturing the touch panel included in the

25 ligquid crystal display device according to the fifth

embodiment.
Fig. 18 is a «cross sectional wview showing the
configuration of a substrate module cbtained by

thermal-compression-bonding an ¥FPC to a touch panel included

30 in the liguid crystal display device according to the fifth



Fig. 10(a) is a plan view showing a part of a touch panel included in
a liquid crystal display device according to a third 25 enbodi nent,
and Fig. 10(b) is a cross sectional view of the touch panel taken
along line CGC shown in Fig. 10(a). Figs. 11(a) to 11(e) are
process sectional views show ng proceskes of manufacturing the touch
panel included in the liquid crystal display device according to the
third 30 enbodi nent. 10 Fig. 12 is a cross sectional view
showi ng t onfiguration of a substrate nodul e obtained by
thernal-cg%%Péégﬁgglbonding an FPC to a touch panel included in the
liquid crystal digpliay=devicepasaoFiingnbRififies bhkk b5 serhash pankl
Fig. 13(a) is a plan view showing a part of a touch panel included in
a liquid dmpdudeddinspllapudeVsoes wdedt oy €evace egrehdentdd aeakthand
Fig. 13(b) is a cross segctional, vi.ew of the touch panel taken, al ong
he Db SRR gty To1n) R oA R s s SR R £ AT 2uh
secti opal painews tshew Aoy OraRs es-rofsheAufiackugi noo tde. touch panel
included in the liquid crystal display device according to the fourth
embodi ment . Fi gFigs.- 29 @)ckodd (SeckTomalocesevw sHowingg vhewda showing

configura E%%eggeg %gg%ékakgcggggéftéﬁg iéﬁ% @%ne iDClUdggdiPntPﬁe

t her mal - conmpression-bondi'ng an 0 a touc panél inclu
l'i qui d crystqahk adi splyayadevi Lo a6 Olddiviiget Oatberd ong t heemae@d Meikeh
Fig. 16(a) is a plan view show ng a part of a touch panel 20 included
in a |iquisdPefysear-di spl ay device according to a fifth enbodi ment,
and Fﬁﬁ: 16(b) %s a C£Pss.sectional vieM/gt thf touch Q%peL tak%ge

in

al ong e E-E $hoiwn in F#%. ﬁﬁ(ﬁf?s Sec lﬁ?%s. ﬁﬁ?ﬁ) §wf?€e) are
process seehifogakaviews show ng pr:aeessaseof mvMuiact Whud ke tpych
panel included in the
thermal-compression-bonding an FPC to a touch panel included
in the liquid crystal display device according to the sixth
embodiment.
15
MODES FOR CARRYING OUT THE INVENTION
[0027] <1. First Embodiment>
<1.1 Configuration of Liquid Crystal Display Device>
Fig. 1 is a cross sectional view showing a configuratiocon
20 of a liquid crystal display device 10 according to a first
embodiment of the present invention. As shown in Fig. 1, the
liquid crystal displaydevice 10 includes a liquid crystal panel
70, a touch panel 20 fixed on an upper surface of the liquid
crystal panel 70 by an adhesive member 60, and a backlight unit
25 80 provided on a lower surface of the liguid crystal panel 70.
[0028] A user of an electronic device having the liquid crystal
display device 10 controls various functions of the electronic
device by directly touching the touch panel 20 with his/her
finger, a pen, or the like while visually recognizing

30 information displayed on the iiquid crystal panel 70 disposed



25 liquid crystal display device according to the fifth enbodi nent.
Fig. 18 is a cross sectional view show ng the configuration of a
substrate nodul e obtai ned by thernmal -conpressi on-bonding an FPC to a
touch panel included 30 in the liquid crystal display device
according to the fifth 11 enbodinentl2 Fig. 19(a) is a plan
view showi ng a part of a touch panel included in a liquid crystal

di spl ay device according to a sixth enbodi nent, and Fig. 19(b) is a

cross sectjonal view.of the touch 5 pa taken .al ong line F-F shown
TR g lopag pack! Sladigd BRe Gk BR30AN. ATEF Redtd sl bRaney

vi ews showigngnpi9¢esses ShofRNUf @ckuri Nant hec i ueh cpanel gl uded in
the liquid crystal display device according to the sixth enbodi nent.

10Fi g. 21 ans! ancepssss@civlmialatel é& showh ey e e sporkdgse add e dkca
substrate nodul e obtai,ned . by.thermal -c r essi on- bondi an FPC.to a
S ouch: D@ neTHTeaRPrE LRGP G oSBT drAne doTices ecHt g
to thessi i pseraedsnent 5nd 57 MODER FERSARRYE NG QUTg o HE:HA}A\{%NElsONFe

[0027] <1. First Enbodinment> <1.1 Configuration of Liquid Crysta
Di spl ay Deévigeéd crystal panel 70 with light from a rear side.

[0029] Fig. 2 is a plan view showing a configuration of a
substrate module 40 obtained by electrically connecting an FPC
50 to the touch panel 20 shown in Fig. 1. As shown in Fig. 2,
10 the substrate module 40 includes the touch panel 20 and the FPC
50. The touch panel 20 includes an insulating substrate 21 such
as a glass substrate, a plurality of touch sensors 22 formed
on the insulating substrate, a plurality of lead wires 23, and
a connectilon region 24 which 1s provided at an end of the
15 insulating substrate 21 and in which a plurality of connection
terminals (not shown) are formed.
[0030] The touch sensocor 22 has a band shape, and the plurality
of touch sensors 22 are disposed in parallel to one another.
The touch sensors 22 are respectively connected to the plurality
20 of connection terminals formed in the connection region 24 via
the lead wires 23. 8Since the touch panel 2C is a touch panel
of a capacitive coupling type, preferably, the touch sensor 22
has high resistance in o¢rder to increase precision of
recognizing a touch position and is formed of a material having
25 high transmittance so as not to decrease display quality of the
liquid crystal panel 70. Consequently, the touch sensor 22 is
formed by a transparent metal oxide film having transmittance
of 80% or higher such as an ITO film or an indium zinc oxide
(hereinafter, called “IZ0”) film.

30 [0031] Since the lead wire 23 has preferably low resistance,



Fig. 1 is a cross sectional view showing a configuration 20 of a
liquid crystal display device 10 according to a first enbodi nent of
the present invention. As shown in Fig. 1, the liquid crystal display
device 10 includes a liquid crystal panel 70, a touch panel 20 fixed
on an upper surface of the liquid crystal panel 70 by an adhesive
menber 60, and a backlight unit 25 80 provided on a | ower surface of
the liquid crystal panel 70. [0028] A user of an el ectronic device

havi ng the_li qui | .displ i 10 trol '
famct Done ta¢ PRedefis phis SRURa By S P i enme gt e o merle
panel 20 wrt b1 fhsARer(z2iyNges1 yiSadals (@6)t heidddeami keivEsuall)y, or

recogni zing 30 information displayed on the liquid crystal panel 70
di sposed th2 bdhkes back sikdeked ndialt dudh papwmingZDbyTheatking ciner pét al

| 70 includ h in Flg. 1 .acti tr.i bst 71
gﬁgean op%%%e%egéﬁsffﬂﬁ%9$glhEFchg%f%;?ﬁg1 gghggoggéﬁ%%“%%@ %g ﬁs
other gnd;ia Ligu} detk¥staind a¥elod 3 i520HW €had heVWeesc 1 n, the

substrates 71 and 72. The backlight unit 80 irradiates the liquid
crystal pawegkl70ikinshméydght daldmca opegresingdeal [D0R€- Fig. 2 is a plan

vi ew showi nfiguratjon of a.substrate nodul e, 40 obtai ned b

Ul oo r o33 SR LORRELE P 268 REPRULA £o TRANEE L 10, SUALASY BYp,
1. As showd RdFbgily2bylOhthersubstimat endroshd eefl) dhaliidesshet glch
panel 20 and the FP% 50. The touch panel 20 includes an insulating

substrat e t2ztméneh as algptasisaddlystranected plartdls fgadf wivtichd sefisers

22 fo d on the insul atin ubstrate, a.plurality of |lead wr 23,
oo o oleh g raaT pa sn nh ohel Sear el 20 heokavErrnuitE 2
inSU!atin@r%%@%&ﬁaéefZimanQoEnsWBhﬁh,aaBHUEﬁEiEbnﬂ%c@QBHegb'QBn 24
termnals (not shown) are formed. [0030] The touch sensor 22 has a

band shapéncandinge thleurainnertdont diegimisedsoris 2R tar e sgrbsedtl: na
par al | el to one g@otfe{m The touch sensors 22 are respectively
connect ed F8ERE*BRuF ity 20 of connection terminals formed in the

connect i ononegi oMne4rrtast hend ratk Md €9 %3118 BEGet he1h ouch pasebr20
is a touch panel of a capacitive coupling type, preferably, the touch

sensot 222 shagakeghof egis toarsee fiAner derontnedtieneisempraki giadn sbpwn)

recogni zing _a touch position and . s forned,of .a materjal _having.2
i oot andRrRERREe 40 ab HOPer BRdse Uaseoi S arer 1 ¢ he DRy g 5R

liquid cryshal.cpapety 70uckonsequpptly fothe ikouehnsaNsoon22nks okaened
by a transparent netal oxide filmhaving transmttance of 80% or
hi gher suchirdscan AT ¢¢tragc part Adiawaizéne axitde LLRerdiasafricptly

cal led "1 20) LiLm 30LRQ3HL, 9 n5e theleRdnnin .23 hag gler ahhy
| ow resi stdnce,

20 connection terminal in the FPC 50 i1s pressed against the
connection terminal in the connection region 24 while being
heated via an ACF (not shown) (thermal compression bonding) and
is electrically connected to the connection terminal in the
touch panel 20. The ACF is a kind of an anisotropic conductive

25 adhesive material obtained by dispersion-mixing conductiwve
particles having average particle diameter of about 5 pum in a
thermoset binder resin such as epoxy resin, and is in a sheet
shape. By pressing the FPC 50 against the touch panel 20 while
heating the ACF, the connection terminal in the FPC 50 and the

30 connection terminal in the touch panel 20 can be electrically



13 the lead wire 23 is fornmed by, for exanple, a netal film mde of
al um num (Al'), nolybdenum (No), titaniumnitride (TiN), or the |ike,
or a stacked netal film obtained by stacking any of the netal fil ns.
Since the transmttance of the netal filns 5 is a few percent and is
low, in the follow ng description, theanetal filnms may be called
opaque netal filnms. [0032] The connection termnals in the connection
region 24 are formed only by the ITOfilm and one end of the
connection termnal is electrically connected to the |ead wire 23.
The 10 t oGCRTEEREDr'SC 2FCAnaAt i fie Y1'Ead G TV A 14PeP ROV 6P wiChged
protective,fibm fppt shown), and the connection region 24 including
the connection termnals is not covered with a protective film

[ 0033] Thd OBR€]58ni atiudesnta fdxexi2dl ésbdsenéd| on e anesofdelbf the
surfaces of the base film a connection term nal (not_ shown)

connect ed SCHNECH PR PRHEC D ‘cofdblEi V¥ FbiRaRAvEiRg FYHPEEIdGEREDFty

such ag cqppL §91drd $oIALARG YNt e OtLERS U 2R, afhLl8GLhARKE

part 54 such as a controller electrically connected to the wire via a
t hrough haolaekiss2boamd €1l aklee u2Bdconnecigronheetpunal pamel O BRPG 5Dei s
pressed a%%i nst the connection termnal in_the connection region 24

whi | e bei Ag halt ed Vi'a 3dA) AEE T it ROVY) SPCHeRFaF e chiprBEEngnmark

bonding) %@dand the connection region 24 in the touch panel 20, and is

an enlarged view of a part {the region surrounded by a dotted

10 line in an ellipse shape}) in Fig. 2. Fig. 3{(b) is a cross

sectional view of the touch panel 20 taken along line A~A shown

in Fig. 3(a). Fig. 4(a) is a plan view showing a part of wires

{connection terminals) 52 and the alignment marks 53 in the FPC

50, and Fig. 4({b} is a view showing the positional relatiocn of

15 the alignment mark 25 in the touch panel 20 and the alignment
mark 53 in the FPC 50 after alignment.

[0035] As shown in Figs. 3(a) and 3(b), in the connection region

24 in the touch panel 20, the plurality of connection terminals

28 are formed sc as to be parallel to one another. The

20 connection terminals 28 are connected to the lead wires 23

formed by an opaque metal film made of aluminum or the like.

On the right side of the connection region 24, the alignment

mark 25 1s formed. The alignment mark 25 is made only by a

rectangular mark formed by the opague metal film. A protective

25 film 29 formed on the surface of the touch panel 20 covers the

alignment mark 25 and the lead wires 23 and does not cover the

connection terminals 28. Since Figs. 3({a) and 3(b) show only

a part of the touch panel 20, although not shown in Figs. 3{a)

and 3{b), the alignment mark 25 is formed also on the left side

30 of the connection region 24. As shown in Fig. 3(b), the FPC



is electrically connected to the connection termnal in the touch
panel 20. The ACF is a kind of an anisotropic conductive 25 adhesive
mat eri al obtai ned by di spersion-m xi ng conductive particles having
average particle diameter of about 5 pmin a thernoset binder resin
such as epoxy resin, and is in a sheetsshape. By pressing the FPC 50
agai nst the touch panel 20 while heating the ACF, the connection
termnal in the FPC 50 and the 30 connection termnal in the touch

panel 20 can be electrically 14 connected to each other via the
conduct i veOparct F¢PRSSPACHRIE ShF (& CACRANFH03Y] An al i gnment mark 25

is fornmed he u e Iy 2 hg
panel 20, 2@3%anAg|%%ﬁﬂgﬁ?I§E%ﬁr gggéqgkg ?%h%ﬂt é%%?ﬁ&ggﬁéqg% t he
FPC 50. Theaalki ghapatobrariked?by arehd@ ray eheseshdue akitgh fhen tioueha
panel 20 and the FPC 50. FIG 3(a) is a plan view show ng the

al i gnment TRERNIBLARd SPRESC AN dhenrt@g orF 2P ned h%ntE}El%hFB%nép 20,
and isgan ﬁ%&%&g?g Vése‘@h%fw u?asf (th gg}g%g?g?r%%% by & datted

10 line in an ellipse shap IS a Ccross
sectlonaltmmemamﬁnmémttmnnﬂn2ﬁanaltB@ takan panengzbi ne dbd&eﬂuﬂMWtha

Fig. 3(a). Fig. 4(a) is a plan V|eM/shomnng a $art of wre
(connectl5ﬁapérﬂ¥ﬁﬁF%?lSEHQﬁﬂtﬂﬁ%ﬂhP? EgLSSlFﬁn?ﬁ%tFﬁstB

and Fi 9. Abkal 3o ViSRG NSy ROS! HEAL e4 Al 08 OTsri ddBe.
al i gnnent 51n the tou pane 20 an al'i gnment na in
t he FPC 5Q@haf drtgahdrgnaemnks 25 and 53 shown in Fig. 4(b) are an example
10 and other shapes may be employed.
[0037] <1.2 Touch Panel Manufacturing Method>
Figs. 5(a) to 5(e) are process sectional views showing
processes of manufacturing the touch panel 20. As shown in Fig.
5(a), on the insulating substrate 21 such as a glass substrate,
15 for example, an aluminum £ilm 31 is formed as the opagque metal
film by a sputtering method. Next, as shown in Fig. 5(b), the
aluminum film 31 is patterned by a photolithography method to
form lead wires {not shown) and the alignment mark 25. By
simultaneously forming the lead wires and the alignment mark
20 25 in such a manner, the manufacturing process can be
simplified.
[0038] As shown in Fig. 5(c), for example, an ITO film 32 is
formed as a transparent metal oxide film so as to cover the entire
insulating substrate 21. Next, as shown in Fig. 5{(d), the ITO
25 film 32 is patterned by the photolithography method to form a
touch sensor (not shown) and a connection terminal 28. Thus,
one end of the lead wire is electrically connected to the touch
sensor, and the other end of the lead wire is electrically
connected to the connection terminal 28.

30 [0039] As shown in Fig. 5(e), the connection region in which



[ 0035] As shown in Figs. 3(a) and 3(b), in the connection region 24
in the touch panel 20, the plurality of connection termnals 28 are
formed so as to be parallel to one another. The 20 connecti on
termnals 28 are connected to the lead wires 23 fornmed by an opaque
metal filmmade of alumnumor the |lik&. On the right side of the
connection region 24, the alignment mark 25 is fornmed. The alignnent
mark 25 is made only by a rectangular mark fornmed by the opaque netal

film Apr
panel

tective 25 film 29 forned on the surface of the touch

eF QPR HE T GRABAEAHRAC 25° arRFTSTe 1P et SHS%eY1 5B %aRatabes

not cover &, CORFectd it dielrinal ?1%?8 2 9INC eSS b§(t§}“)e %'E_JI gt?(e?lnghow

only a part of the touch panel 20, although not shown iIn
and 3(b), ntehéodl ignrentviarkhebicsl f yaped akposonithe mefhosi deTBO of

the connection region_24. As shown in Fig. 3(b), the FPC

5

10

15

20

25

30

protective f11lm 29 is formed so as td coveY the entire insulating
substrate 21 except for the connection terminals 28. The
protective £film 29 is, for example, any of a silicon oxide f£film,
a silicon nitride film, and an organic film, or a stacked film
made by these films.
[0040] In such a manner, the alignment mark 25 in the touch panel
20 is formed by the same opaque metal film as that of the lead
wires, and the connection terminzgls 28 are formed by the
transparent metal oxide film. Further, the alignment mark 25
is covered with the protective film 2% together with the lead
wire, the touch sensor, and the like. 1In this case, the touch
panel 20 is formed by a manufacturing process which is the same
as conventional one only by adding the pattern of the alignment
mark 25 to a photo mask used at the time of patterning the
aluminum f£ilm 31.
[0041] <1.3 Substrate Module Manufacturing Method>

Figs. 6(a) to 6(d) are process sectional views showing
processes of connecting the touch panel 20 and the FPC 50. As
shown in Fig. 6{a}), the touch panel 20 manufactured by the
above~-described manufacturing method is prepared. Next, as
shown in Fig. 6(b}, a rectangular ACF 30 is applied to the touch
panel 20 so as to completely cover not only the connection
terminals 28 but also the alignment mark 25,
i0042] As shown in Fig. 6(c), the FPC 50 is disposed above the
touch panel 20, and a camera 55 for mark recognition is installed
below the touch panel 20. The position of the FPC 50 is adjusted

by moving the FPC 50 to the front, back, right, and left sides



15 50 is disposed above the touch panel 20. [0036] As shown in Fig.
4(a), the alignnment mark 53 having a frame shape obtai ned by renoving
the opaque netal filminto a rectangular shape in the center is
formed on the FPC 50. 5 Therefore, as shown in Fig. 4(b), by noving
the FPC 50 so that the alignment markl25 in the touch panel 20 is
housed in the frame of the alignment mark 53 in the FPC 50, alignnent
of the touch panel 20 and the FPC 50 can be perforned. The shapes of

(ne a1 BN L g 25,0453 shovw L1, 4 0L B A e 6.l

Manuf act urisngn Malehegizch panel F 48 h&(Hd 6 ©{LErahe ¥ ke igemkhenal
vi ews showi ng processes of manufacturing the touch panel 20. As shown

in Fig. S@ark vhinhdd REGISE { pep Sabstd @e .21Beu bfasheatypads gnment

substrate, 15 f ex | e,, an umnumfilm31l is forped as th

opacue. meTEE AR o4 st For EHE SeBRBAD REREORECRb HeRe Rl -
5(b), the ral wrkdMdHel Makkrdas PAtEG Nt DY & Rpatalont heghaphye mehhod
to formlead wires (not shown) and the alignnment mark 25. By

si mul t aneedsbymeokninagks he5| ead W8 ressian tidwe Hlatgrmemnmeatk c20 BS in

h ,.th turin b inmplified. [0038] As
hown' i n- ERGTOBCES, SFOF Lahbl T TR BOPFET AP 39" S Tor o as a

transpar entyoast ahs AR Lhl M $o 6asl)t ocsavRirmbhecenblEssinsiaid Rle
substrate 21. Next, as shown in Fig. 5(d), the ITO25 film32 is

pat t er ned tppchheaphbt?dl endography htwodht areé grlmansdoue hhsaimophegdot
shown

and .a_connectipn term . _Thus, one end of the |ead w.re
o el bLT TSP EhEgEEa TS TRE TodeH COIREr . SHICT Bt RErS e Ra=gr
the | ead We £s hea@bBFtdHLAPE Y CONNGGLRHAY bdens BNBREHIAN ke MRk
28. 30[0039] As shown in Fig. 5(e), the connection region in which
head 56 and is thermal-compression-bonded to the touch panel
20. As a result, the wire (connection terminal) 52 in the FEC
50 is electrically connected to the connection terminal 28 in
15 the touch panel 20 via the ACF 30 without misalignment. In
addition, since the connection terminal 28 is made only by the
ITC film, the reliability of the connection part to the wire
(connection terminal) 52 in the FPC 50 can be assured.
[0044]) <1.4 Effect>
20 As described above, the alignment mark 25 in the touch
panel 20 is made only by a mark formed by the opaque metal film
having high reflection ratio, and reflects light used at the
time of alignment well. Since the alignment is performed with
the reflection light, wvisibility of the alignment mark 25
25 increases, and the position of the alignment mark 25 is detected
easily and with high precision. When the alignment mark 25 is
used, alignment can be performed easily with high precision.
Consequently, the touch panel 20 and the FPC 50 can bhe

electrically connected to each other without causing

30 misalignment. As a result, the yield of the substrate module



16 the connection termnals 28 are fornmed is covered with a netal
mask, and the protective film29 is formed by the sputtering nmethod
or a CVD (Chem cal Vapor Deposition) nethod. The protective film 29
is formed so as to cover the entire insulating 5 substrate 21 except
for the connection termnals 28. The ps¥otective film29 is, for
exanple, any of a silicon oxide film a silicon nitride film and an
organic film or a stacked film nmade by those fiInB [0040] In such a

manner, t al i nent mark 25 .in the touch 10.20 is for d y
The same. 0fagt HHEaPrPTF a0 ity ST Che 10bAA e 632 Jamant etk 25

connect i onqt en81 il 28ndnezhordred By & he; § ransRaLrent yNes %Q%ydgn
film Further, the alignnment mark 5'is covered W th yhe protective

film?29 t@geghmenmAthppheat@@d vmr%hendﬁprEGUChnsensameaaad tthe Ikhke.

In this case, the touch 15 nel is forned ufacturln
T otse wiPoHEPECuRoNE gt A Dok aRer ERLS TBAGLECCT Da A e had

patterg offghhe; aéimte BBhKe2Pi & & RN PBSK, Ysedt8bch f}?ar;ellrr@oof
patternlng the alum num film 31. [0041] <1.3 Substrate Modul e

Nhnufactummﬁpﬂﬁ&dmmﬁy@@tﬁqﬁﬂo5(2& o I mYt anecppoltebs teecirirosabn .

Vi ews shomﬁng roce ses of c g E g tge t ouch panel 20 and the FPC
50. As sh&RRSE UF—‘P@ Y6(d) oud p% P2 GORBRGT AT BXF by WRE™

above- deS%teb@Qum@%@@tm la%a fn'@é hed 5§ RheparL£dy et , r@s:ishowpnkn
Fig. 6(b), a rectangular ACF 30 is applied to the touch 25 panel 20

so as to @dnph&&&tymamv%ilﬂdbrmﬁﬂynﬂhebmghﬂeqim@ﬁ1%@Mmmmahsp28tbmn
al so e all 5. 042] . As _shown_i . . 6(c), the FPC 50
i WPosed BBBVETTE TEahois bAttl 6 A GO chePLtESTE b btk that
recogni tigr is Jdiislalskadybed Qudt e dwpuahupaneh- 2% '¥B%eBQSMEbQEnQE
the FPC 50 is adjusted 8 by noving the FPC 50 to Fhe front, back

ri ght, andé keftvestdesal Ifanufacturing process.
[0046] <2. Second to Sixth Embodiments>

A configuration of a liquid crystal display device
15 according to second to sixth embodiments to be described below
is the same as that of the liguid crystal display device 10 shown
in FIG. 1. 1In addition, the configuration cf the substrate
module including the touch panel is the same as that of the
substrate module 40 shown in FIG. 2. Therefore, in each of the
20 following embodiments, the drawings of the liquid crystal
display device and the substrate module and their description
will not be repeated. The respective embodiments will be
described with reference to enlarged plan views and cross
sectiocnal views of parts corresponding to a part (the region
25 surrounded by a dotted line in an elliipse shape) of the touch
panel 20 shown in FIG. 2.
{0047] <2.1 Second Embodiment>
Fig. 7(a) is an enlarged plan view showing a part o¢f a
touch panel 120 included in a liquid crystal display device

30 according to a second embodiment, and Fig. 7(b) is a cross



or rotating the FPC 50 in a plane so that the alignment mark 25 in

t he touch panel 20 is housed in the frame of the alignment mark 53 in
the FPC 50 (see Fig. 4(b)). Both of the two alignnment marks 25 and 53
used for the alignnent are fornmed of opaque netal. 5 It makes the
canera 55 for mark recognition recognige the alignnment marks 25 and
53 easier, so that alignnment can be perfornmed easily and with high
preci sion. [0043] As shown in Fig. 6(d), to thermal-conpression-bond
t he touch panel 20 and the FPC 50 which are aligned, a heater head 10
56 di spos@&gcabevel e rpEtse tqtoRered 128 leen pbohedier Bigaghseni s

heat ed, t LS | ] b 6
and is t hg?lngr&c?r}r&) éss(?%}ﬁécﬁgen édgf?%)ﬁ%]ﬁ%&?gggﬁ %%%gﬁmggﬁgﬁss g&?grslgl t,
the wire (teorhesihen Ashbnal in 52 gsn Bhe) FRE 30 bi) sielcd coagbhynts
connected to the connection termnal 28 in 15 the touch panel 20 via

the _Ac:FI 36 Wkt hbarcPsari drfert o Andddicti off) §P‘ﬁaébﬁﬁéléo?1%@éﬁpéﬁ
termn %%s'cu?tiﬁgg?t«ﬁrﬁe‘é e % Q%eLJQ%é'AJHeEa*l% 5%.' @%é%%ﬁ%’%egi i Fpe

connecti on par wre (connectron tern na
can be assumedcohPOdddt sl .ahdEkhett >dQOAS ddaser whed above; riebeated.
alignment mark 25 in the touch panel 20 is made only by a mark forned

by the opdd@48detal ske¥m Haii®F hi’dR!r 8PfedtPbn +4itS Fheas@rrerfFéets
Y aht _ . ! e . !
'g use@eQEnﬁB?E 34 qﬁ eheald | %:ne‘ﬁ’ebb btﬂé"%%nk?@j{:ﬁ!:h g{?a:"?g?rﬁtna'lszs

perfornmed w e reflection vi si ity o e ment mark
25 25 incrieasks, tanch tgehquo3nti 08 wddd henlal bgnreat ITMarki 125 iesid the
detected easily and with high precision. Wen the alignnent mark 25

i s uséll, &CPGRAEAPN CERIIRR pér fBFMBALRASHS SRPPRCRIGA Pretitdlon8 is

Consequentnlo)é’ cévha%:etdoxyfph Q%Qegl)rgtoe@cqq/’et PflrEFZ)Q 50[-1&-?5‘11(31}6, an alignment

mark 125 in the touch panel 120 is a mark having a stacked
structure obtained by a rectangular mark 125a made by the same
opaque metal film as that of the lead wire 23 and a rectangular
15 mark 125b made by a transparent metal oxide film and stacked
on the upper surface of the mark 125a. The alignment mark 125
is covered with the protective film 29. Thus, since the
alignment mark 125 includes the rectangular mark 125a formed
by the opague metal film, the visibility of the alignment mark
20 125 at the time of alignment is high.
f0048] Figs. 8(a) to B(e) are process sectional views showing
processes of manufacturing the touch panel 120, Manufacturing
processes different from the manufacturing processes shown Figs.
5{a) to 5(e) in the manufacturing processes shown in Figs. 8(a)
25 to 8(e) will be mainly described, the same reference numerals
are designated to the same manufacturing processes, and their
description will not be repeated.
[0050] In a manner similar to the case shown in Figs. 5{a) and
5(b), as shown in Figs. 8{(a) and 8 (b), the aluminum £fiim 31 formed

30 on the insulating substrate 21 is patterned to form lead wires



el ectrically connected to each other w thout causing 30 m salignnent.
As a result, the yield of the substrate nodule 18 40 can be

i nproved. Since visibility of the alignment mark 25 in the touch
panel 20 is high, it is unnecessary to nodify an alignnment apparatus.
Therefore, an increase in the manufactari ng cost of the substrate
nodul e 40 can be suppressed. 5 [0045] Since the connection term nal
28 in the touch panel 20 is forned only by the ITOfilm it is not
susceptible to corrosion. Consequently, the reliability of the
connect i orf 94 ERBER Wedtf tHE f8GEhlpanel Mg tandst AROWPCE B idan 86! -

assured. FyLt E‘%’fitf{‘ﬁig' %%@E%%%d”’é‘é K 2P0l Sod & TR Qﬁﬁ’ré’ﬁn%ﬁ?@g%gg

apart of Fhe pattern the photo mask used at the tine o
patterningubserthat2it i s unnecessary to add a new nmanufacturing
process or change a conventional manufacturing process. [0046] <2.

Second to [S0RLh ErbBRWeAtsELA: dbifi-ghhgt TBR foflma 3L §iRe harsies) by

di spl ay devi : i cond i L en t

descr  Bed mEr g T i Re UM LR-RRPGr ot ey S arth 5Py
devi ce 10 ashiovheidorrddatibn taraddiis o, the €oniiagur aLbermofidghehe
substrate nodul e including the touch panel is the sanme as that of the
subst r at e S#PGuF D aShBVAL i FRE&Mark Thef eforfermpa Eachopftiheprper

fol | owi n Lmeat s, _the dr aj £ theol iquid orystal, displ
devi co. and TRe EuRLt £aF G UPEILRY Thel 1Rgeedihy, Al e il Ble

repeat ed. aIRignmespetst el Enbadimntise ildcdzel desactbhed m tuhircef ehence
to enl arged plan views and cross sectional views of parts

corr esPondidid £6°%R astackre PRdilth WBesuF rhtmtrPThyra Bt dddG A8 in
an elli 95%039@8?) ﬁ{g,éé“%h% ﬂ%%f&%'riﬁg SP&dé'%é' dnBlfp 1 psbOMA) £¢- 1
Second Enbodinment> Fig. 7(a) Is an enlarged plan view show ng a part
of a touchheanehe 1220 tinae| BHesn i im &iki. qbi€) critst desdr $pt Byn devilcaot
be repeated. In this case, the alignment mark 125 is formed
by the same manufacturing process as the conventional one only
15 Dby adding the pattern of the alignment mark 125 te each of photo
masks used at the time of patterning the aluminum £ilm 31 and
the ITO film 32.
[0052] Since the method of manufacturing a substrate module 140
is the same as that of the substrate module 40 shown in Fig.
20 6, its description will not be repeated. Fig. 9 is a cross
sectional view showing a configuration of the substrate module
140 obtained by thermal-compression-bonding the FPC 50 to the
touch panel 120. BAs shown in Fig. 9, the connection texminal
52 in the FPC 50 is connected to the connection terminal 28 in
25 the touch panel 20 wia the ACF 30. In addition, the alignment
mark 53 in the FPC 50 is aligned so as to surrocund the alignment
mark 125 in the touch panel 120.
[0053] Since the touch panel 120 and the substrate module 140
produce the same effect as that of the touch panel 20 and the

30 substrate module 40 of the first embodiment, the description



30 according to a second enbodi nent, and Fig. 7(b) is a cross 19
sectional view of the touch panel 120 taken along line B-B shown in
Fig. 7(a). Conponents different fromthe conponents in the touch
panel 20 shown in Figs. 3(a) and 3(b) in the conponents in the touch
panel 120 shown in Figs. 7(a) and 7(bjiwill be mainly 5 described,
the sane reference nunerals are designated to the sane conponents,
and their description will not be repeated. [0048] As shown in Figs.
7(a) and 7(b), like the connection termnal 28 in the touch panel 20,
the conne®ti Ghet EARARI DBl iNP% e C6BEATBEANel 120 is made only by the

I TO film 2@%@45 hgz.lg @Qppgcérﬁﬁﬂjirnh%glitgn 24 including the connection
i t

term nal is'not covered wt e protective film29. However, an
alignment mark £25. 110 tdeisoucleranegkdl?lan riawnar ka avitngr aa sbaeked
structure obtai ned by a rectangular mark 125a made by the same opaque
netal fil P2a§lthal lBFlPﬁ%dI@aﬁqﬂﬁqﬁédz%‘fyaﬁﬁlad¥%&%%)hﬁﬁf’a?e PS5 OP&rRg25h

Curf ack of % be haroRE Pt a1 it P18) B SE S e R e

protectiveffthént2dchThuissl S 0aaddhea Bdbi@numstcrmekodR? 5 e udegat he
rectangul ar mark 125a forned by the opaque netal film the visibility

of the al CGARERENFAIA IZGTERS Biont hBS G OHRPERI YhiBAttquSThpypel 120
0049] Fi ) 0.8 i i i
[ ] Fi %%war} F% 05! <7.e()a)aarrﬁieeq99%8@@8{:&@@&&%%&&9%&3 panel,

processes of manu uring t touch pane nuf acturin

pr ocesses 2dicf sreent id rmigd.he omanuiéadtil (kg wiraces sesi shpwe skirgded5( a)
to 5(eé in the manufacturing processes shown in Figs. 8(a) 25 to 8(e)
will be m&hsl ySeRcEPHRESTERe TSAITE 2LEf A EhcECALARREES &Pe B’ §AREed

to the Sag‘g&?gg&g%? U%ﬁggu{’éﬁc%%%%sai aod,t Q?%i desard R}éﬁ%ﬁt‘@d" not

be repeat I manner simflar to the case sho in Figs.
5(a) and HQbps)asilshame tontdgsioBtaymandl S(H)in tHe tabum pawalf ibm 31
formed 30 on the insulating substrate 21 is patterned to form| ead
Wwires 20the connection terminal 28 in the touch panel 220 is formed by
the ITO film, and the connection region 24 including the
15 connection terminals 28 is not covered with the protective £film
29. However, an alignment mark 225 in the touch panel 220 is
amark having a stacked structure obtained by a rectangular mark
225b made by a transparent metal oxide £ilm and a rectangular
mark 225a made by the same cpaque metal film as that of the lead
20 wire 23 and stacked on the upper surface of the mark 225b. The
alignment mark 225 is covered with the protective film 28. The
alignment mark 225 of the third embodiment is a mark cbtained
by stacking the two marks 125a and 125b included in the alignment
mark 125 of the second embodiment in the opposite order. Thus,
25 since the alignment mark 225 includes the rectangular mark 225a
formed by the opaque metal film, the visibility of the alignment
mark 225 at the time of alignment is high.
[0056] Figs. 11l(a) to 1l1l(e) are process sectional views showing

processes of manufacturing the touch panel 220. Processes

30 different from the manufacturing processes shown in Figs. 5(a)



(not shown) and the mark 125a. Next, as shown in Fig. 8(c), the ITO
film32 is formed so as to cover the entire insulating substrate 21.

[ 0051] As shown in Fig. 8(d), the ITOfilm32 is patterned by 5 a
phot ol i t hography nmethod to forma touch sensor (not shown) and the
connection termnals 28, and the mark2425b havi ng the sane shape as
that of the mark 125a is forned al so on the upper surface of the mark
125a by the ITOfilm As a result, the alignnment mark 125 having the

st acked strugture, i n_ whi chUSg he 10 mark 125b is stacked,on ;{ue agpger
surface oft% RéS hark PR8I 4HTedd Y e T47e SHAKBIHLE dPPng' prcéSs
shown_ ' n_ E'lge_) &(19_1)1 be rﬁﬂ%lﬁﬁ@@s@ﬁﬁé‘&t tﬁ@%%elf‘efélgenc%( ﬁl)lmeféﬁs are
description will not be repeated. In this case, the alignnment mark

125 i s fordeedcbytede tearmensmafeactamifirgtprdces prasethesconudntthenal
one only 15 by adding theépattern of the alignment mark 125 to each

of photo MESKEIRSET At the'? ME FPS4CEErni ng the al umi num film 31

and thg l-IE@OfSWI] rﬂég%howho%%]igsi i‘f?a)t,h%i@%kh%é)hw&t!ﬁn@@izuﬂ S rfed
substrate nodule 140 is the sane as that of the substrate nodule 40

shown i n Eingth20rGuliatts ndeselrs ptd ton 2wi. | INendt, be slepeatiedridi g1(8)is a
cross sectional view showing a.confi| urg{gi on of .the substrate nodul e
for 6h

140 obt ai REPIYHHEFFat2 T SAPFES itGnt ng THETFBESY (B8O REHBUch

panel 120..AS-SHowWw: i &h FleGmifBa1kes coPRActd Mhd &1 akgPdn | hddhenEPC
50 is connected to the connection termnal 28 in 25 the touch panel

20 via t heah@F236b &neafkdimedn, the alignnment mark 53 in the FPC 50
is ali gned so as_to surrqund, the alignment mark 125 in éhe, t quch
2

panel 19201908653} SHRWE tReFtBuch FanelFP s 2B AW Whé 14Bbst rat & °rBadl e
140 producg thersamp.&f fied asitBainohiihed uehparel 220 anpgd+t hgs30

substrate nodul e 40 of the first enbodinent, the description 1 of
t he ef f ectshwwhlim@tighel I epeabedaft@dpdhg<th fohined sHEmdpddivument bm 31,
together with a lead wire (not shown) connecting the touch
sensor and the connectlion terminal 28, the mark 225a having the
15 same shape as that of the mark 225b is formed on the upper surface
of the mark 225b. As a result, the alignment mark 225 having
the stacked structure in which the mark 225a formed by the opaque
metal filmis stacked on the upper surface of themark 225b formed
by the transparent metal oxide film 1s formed. Since the
20 manufacturing process shown in Fig. 1l{e) is the same as that
shown in Fig. 5{e), its description will not be repeated. 1In
this case, the alignment mark 225 is formed by the same
manufacturing process as the conventional one only by adding
the pattern of the alignment mark 225 to each of photo masks
25 used at the time of patterning the aluminum film 31 and the ITO
film 32.
[0059] Since the method of manufacturing a substrate module 240
is the same as that of the substrate module 40 shown in Fig.

6, its description wil} not be repeated. Fig. 12 is a cross

30 sectional view showing the configuration of the substrate



Fig. 10(a) is an enlarged plan view of a part of a touch panel 220
included in a liquid crystal display device according 5 to a third
enbodi nent, and Fig. 10(b) is a cross sectional view of the touch
panel 220 taken along line CC shown in Fig. 10(a). Conponents
different fromthe conmponents in the 2puch panel 120 shown in Figs.
7(a) and 7(b) in the conponents in the touch panel 220 shown in Figs.
10(a) and 10(b) will be nmainly described, 10 the sane reference

nuneral s are de3|$nated to the same conponents, and their descrlgtlon
will not BedrépeatldPtpopss|Pyithertas- EOPRERT B TRATGIREI £B FEF

touch pangl, %ﬁgﬁ)&@a? gﬁmgctzlzgn teLr gl 28 Fﬂgonﬁzt%@c%gﬂglct%gg s

formed by the d the connection reg 24 1 ncluding the
connect i oetret Mbhal2si@8heFAIOE0 ¢ovamertatietintd hige pratective thirnima.
However, an allgnnent mark 225 in the touch Eanel 220 is a mark

havi ng a $BaéRedl8t Foidely rEﬁQﬁﬁeﬁ%ﬁb&iﬁytgerée arful a" AU I98p Hhde
by a tgangpg ﬁﬂgng%%l?%l@ de fth%”l‘?@%@ %ﬁ%ggghaéo%l%oz%ﬁgr%gﬁ by

t he sane opaque neta mas that of the lead 20 wire 23 and stacked
on the upper altiagenofmditie 2p Kn22hk. tdheh apaggreato .mar k 225 i s
covered with the protective film29. The alignnment mark 225 of the

third enbd@@ﬁ@ht5+%F%19¥§rROBB?éFHEH-B?OS?%%Ri SPRETE Ab° Madvd e1344
and 125D quhugsdtw dhe @kkgggeerg %rtko%zéﬁé)ft&ur&% seqond emhodi gent

in the opposite order. Thus 5 since the alignnment” mark 225 i ncl udes
t he rectamghbamanarmodﬁmka4m0bﬁedh®yfiﬁﬁi epagdémart al tHd lagsctcietion
visibility of the alignnent mark 225 at the time of alignment is

hi gh. 1?009@]tPPg§ff3ﬂE it P &F ZFBBFBEess sectional views showing

processes[%f6q§ng§a§t§g%gghtgk%gag%%gtganel 220. Processes 30
different fromthe manufacturing processes shown in Figs. 5(a) 22 to

5(e) in the manpiactlk(angipracesdesgsbionen wikkgst dbaa)r ¢O aliperh
will be naln%é descri bed, the sane reference nunerals are desi gnated

to the sak@"RamMAGLEEF AT fPot 488l Td tered TSRIGSC AP BE £ &1 SRCFE L RSt
be repeat ed. 5 %Lg%ﬂlenfé,%ﬁm% i e . %%(@»,lébréﬁosstgsc{mi k,%;'éZ

for med on the insulating substratée 21." Next, as shown in
11( b) 15by ofatliertnuny ddrelf 82 orechkefiGr Tongnl 382e It shigin sensoy . (lﬁda
shown), the connection termnals 28 in the connection reglonrﬁﬁpgathe

mar k 225b C&FBOPEP e FEFEH5eT T MR KSR E Y 1B ForhB
film31 '%h %EmﬁgFlgs 3{a) and 3 (b} in the components in the touch panel

320 shown in Figs. 13(a) and 13(b) will be mainly described,
the same reference numerals are designated to the same
20 components, and their description will not be repeated.
[0062] An alignment mark 325 in the touch panel 320 shown in
Figs. 13(a) and 13(b) is made only by a rectangular mark formed
by an opaque metal £ilm like the alignment mark 25 in the touch
panel 20 shown in Figs. 3(a) and 3(b). Thus, since the alignment
25 mark 325 is made only by a rectangular mark formed by an opaque
metal film, visibility at the time of alignment is high.
However, unlike the alignment mark 25, the alignment mark 325
is not covered with the protective film 29.
[0063) Figs. 14{a) to 14 (e) are process sectional views showing

30 processes of manufacturing the touch panel 320, Since



so as to cover the entire insulating substrate 21. Next, as shown in
Fig. 11(d), by patterning the fornmed alum numfilm 31, together with
a lead wire (not shown) connecting the touch sensor and the
connection termnal 28, the mark 225a having the 15 sane shape as
that of the mark 225b is forned on the upper surface of the mark
225b. As a result, the alignnment mark 225 having the stacked
structure in which the mark 225a fornmed by the opaque netal filmis
stacked on the upper surface of the mark _225b formed by the

t ranspar eﬁ‘tanh‘éﬁsguék%léﬂqueﬁsi% Farwed Bifge %%@)ZGonéﬁﬁﬁ)a@trﬁr Ehg

process shan LD Fidse LHeeh 18 Fhe, sam, ag ot bal) ShownJ teflegs oBCel.

its description w ot be repeated. 1n this case, the alignmnen

mar k 225 s 1lfiatdete epkhecdand manthaetwrd mgtie coesscasot herminals
conventional one only by adding the pattern of the alignment mark 225
to each ofSpRABEothasks PFefselask %%\“2 AGGECFPIpAt Ve hi @At BRSK num

film31 a t TQ )| [O | t f - UL ng
a subs ra?gerf%éou4eecqfi)§ ?%ﬁtgﬁg :Ls%%e%lcggh[}:ﬁg? %@?ﬁ%ﬂgﬁggt?g?’glﬂfﬁ%%f‘ 40
shown in heg@hoB, |d&GREEmNtPl, 0BsWshbwioln beidg epeatend. nbitgonl® ktBea
cross 30 sectional view showing the configuration of the substrate

23 nodul e C2BDeEbE AP netF By atthéP nift = G E88i BBt gt hedFPES5B°t o
the touch 2 | sEg£:12, 5th i i naj, 52
e touc Eegg%d %91:11%&2&9%’2%% iHe9£:14, obhe fPRd 'aggnalsq%m naj,

in the FP I'S connecte e connection ter n the touch
panel 220aviignirbetAtEriB®259 whaddi i$ on,madrhke havahgtinerdamesarck rbdtiinet he

FPC 50 is aligned so as to surround the alignnent mark 225 in the
t ouchlPanéls B&): of (060} L s t Rer ¥ et huhere 226 L4R1 heCsGRY¥EFate

o e BSOS P! 9= sttt Perhovgl peged, Zngnd
of the effa@dynweht motk Besriepeatrdd 40064 ]sat2 BakofatbuEpdiroents
as the conventional one only by adding the pattern of the
alignment mark 325 to the photo mask used at the time of
15 patterning the aluminum £ilm 31.
[0064] Since the method of manufacturing a substrate module 340
is the same as that of the substrate module 40 shown in Fig.
6, its description will not be repeated. Fig. 15 is a cross
sectional view showing a configuration of the substrate module
20 340 obtained by thermal-compression-bonding the FPC 50 to the
touch panel 320 through the manufacturing method shown in Fig.
6. The connection terminal 52 in the FPC 50 is connected to
the connection terminal 28 in the touch panel 320 via the ACF
30. The alignment mark 53 in the FPC 50 is aligned so as to
25 surround the alignment mark 325 in the touch panel 320.
[0065] Since the touch panel 320 and the substrate module 340
produce the same effect as that of the touch panel 20 and the
substrate module 40 of the first embodiment, the description
of the effect will not be repeated. Note that, since the opaque

30 metal film included in the alignment mark 325 is not covered



Fig. 13(a) is an enlarged plan view of a part of a touch panel 320
included in a liquid crystal display device according to a fourth
enbodi nent, and Fig. 13(b) is across sectional view 15 of the touch
panel 320 taken along line D-D shown in Fig. 13(a). Conponents
different fromthe conmponents in the 2puch panel 20 shown in Figs.
3(a) and 3(b) in the conponents in the touch panel 320 shown in Figs.
13(a) and 13(b) will be nmainly described, the sane reference nunerals
are designated to the sane 20 conponents, and their description wll
not be repédtiethe P@@G?FtAﬁeaq%l@hggntltnﬁ BuSSsPFAPL Ad % BRERCPERTEFUS820
shown in Ei : d LS. by .a _re n r

formed by té%%gﬁéggggnggala%ﬁ%#h%?ié Sﬁﬁg%dn)ééﬁfen%%% %glllgnogﬁré%e
touch panelli2@mshewnatin 32i5gsn Bfa)ccart B4hel 3Bwendsi afe=t @ igning
alignnment 25 mark 325 is nmade only by a rectangul ar mark formed by an
opaque metid@d fheapalTSPRIGISE R POREIPENENSIFRY iPYnnBREn| St migh £ilm

Howevert, | i al i peg# I , :th | t mark 325 is not
covereé W'Li{}'h c{é%g%%rggt Le“é??ve é}ﬁééﬁ%% is ﬁo%%%rgi El gs. 14(a) to
14(e) are [pPUBGess2secti otial EnbdRISesiom Nng 30 processes of

manuf acturing the touch panel 320.Since 24 manufacturing Er ocesses
shown in Figs. T4fa)l& 143" &rdarREdsRh” ¥4 oFhese® PREWNCF r# Ficysh

5(a) to 5 ~thelt i pti . t
whote the SSBRACKT] SREFace At & 12K P §EPRl Pt Re Bt tibiing
cover ed witlcha & imethatmipesimertx t Badmiaf.ettive ifd hm2G s seforomedl byea
CVD nethod or a sputtering nethod. Consequently, as shown in Fig.

14( e) 10notefoklrg LoREhdAfIc £ B & n? hatd 28 B "EaFR8vR He BLY grhveAt -
mark 325 i ; j t i il 4

manner .t BT e A i PhR ok kel L Ele Sdicifhd 120
struct ur e sh@wasir Baysof7 (Ehearad TgnmeERrt timtkn2bnants Wwhode soutiaganis

not covered with the protective film29 is formed. In this case, the
al i gnment 4%8r Rh3Y8 1% Figiired 60§ ) t Aed s Imdidf-aB e UPR HyL praseesd Pge: t he
conventional, o nl i at n ; i gnme rk_325
to the phg'?ig n%%&gugéggéfﬁtg eq}'glln%g%cl) 1ﬁa€fg%%%{¥%§% hg%al ﬂﬁn? ﬁr‘#ﬁ I m
31. [ 0864]cchippaenthe aBd htdeiof devnufipttivni RY1A soebSte atepameddl.e 340
is the sane as that of the substrate npdule 40 shown in Fig. 6, its
descri pti ¥ Ofi711 -t the aldgegead. malyl2a shioamain Fégs - sldt)i ofal’ (B ew
showi ng a gonf i ' ble; subst ratennpdul e 20 340, qbtai Redih

t her mal cgﬁp?gggﬁﬁ%ﬁ%gﬂh I né '?hle FPC éCO tgn}?%‘é t ouch pa?le 320 tﬁréugh
t he manuf acstiachgdnet hodowshwowh tainktigoy 62 rEreacgnmecet mank t4r5E make52

in the FPC 50 is connected to the connection termnal 28 in the touch
panel 32018y ZhenePagie Jeetaphd 1M gRfehtr SRR B3 3 nmERE % sydes by

align sQ.a 2 r al i G
panel 520 27T 06851 aee The TEueh panalt 30 anathe sUbStrate Eadil e
© 340 pr oduatushes isareetied ke@dtnasnt matrkof2 & e hwoikcht panrek t20gahar thek

substrate nodul e 40 of the first enbodinent, the description of the

ef fect wi 14250t °bBFePBated. cMTE MFAP! SihBe the Bpatie 130 mét &P
filmincl udednbBnthes Al 1 9BMEPLHIRE Knd%F L310RheSOMR Boh. However,

unlike the alignment mark 125, the alignment mark 425 is not
25 covered with the protective £ilm 29.

[0068] Figs. 17(a) to 17{e) are process sectional views showing

processes ©of manufacturing the touch panel 420. Since

manufacturing processes shown in Figs. 17(a) f£o 17(d) are the

same as those shown in Figs. 8(a) to 8(d), their description

30 will not be repeated. As shown in Fig., 17(e), in a state where



25 with the protective film=29, it is susceptible to corrosion due to
nmoi sture in atnosphere. However, since the role of the alignnment mark
325 in the touch panel 320 ends after aligning and

t her mal - conpr essi on-bondi ng the FPC 50, even if the film5 is
corroded after that, there is no probtem [0066] <2.4 Fifth

Enbodi nent > Fig. 16(a) is an enlarged plan view of a part of a
touch panel 420 included in a liquid crystal display device according
to a fifth enbodinent, and Fig. 16(b) is a cross sectional view 10 of

t he touch thgneiongggtiakehcanbmyld | v FE Sfovil ighmEng. meskaf2> are
Co ts diff t f ts.in.t
s, FEFaRd by TRt h i moneniR T e FoiERohiRe a5t Efown

in Figs. k6cCap asthdd(dy awisbhtherimpgnhyrrdescr tbrbeqgtder sanmadtebacgnce
numeral s are designated to the same 15 conponents, and their .
descri pti GlewrPInaoElde Geapeardds d [T0U6 7] SBi Kee tHe JarrgRneat s fdk 1325
shown %n Efo%sc':oxzé:?‘%(d %gghz&pe) prsgeg!:i\ggrﬁ_ﬁn aar K I§2§u&p tlﬂgnrrieofj,ctﬁhe
panel 220°1Ts a mark having a"stackéd structure obtaine y a

rect angul an igamkn42harrades bynhifie Dpaguearetiadvifid MrRNG el @Ghargdl ar
mark 425b made by 20 an ITO filmand stacked on the upper surface of
the mark 423actyhgsas dihddeofhehaldlgampantnidgkk 425 pRe| wifese sheface

tangul k. 4253 f h metal fil i sihiLit
of the-al Fanfeh e o PR PR RPAM FTE 2o d i bly bvlver

unl i ke theaakl, giient : ganknd 28 ki42s a4 ifgRRAtb YTERK s4R8 richuTelct22ing
covered with the protective film29. [0068] Figs. 17(a) to 17(e) are
proces8 s@®cOCeRal 2vitdis CORERNAFOPRbESs 88 1gf b edisiact kP ¢ i &g 8dich

| 420._,.Si fact uri X ) .
ronl” 2.3 DB S 08 P PR, iy gl on
descri pti enmd0oWi pht feinhe; repeateflindd SHowWs1 Bnbi ghe 1F(@)Ei i 3a.

state where 26 the connection termnals 28 and the alignnment mark
425 are cdP&eed wnde Ahfatedihofesk mapréapk et B9 Pve B 1HRTZOMPIu iR AREd

03 5 OVD 15 U8, 2408 AP 00D SHIGAUEOE! Yy D001y s

15 6, its description will not be repeated. Fig. 18 is a cross

sectional view showing a configuration of the substrate module

440 obtained by thermal-compression-bonding the FPC 50 to the

touch panel 420 through the manufacturing method shown in Fig.

6. The connection terminal 52 in the FPC 50 is connected to

20 the connection terminal 28 in the touch panel 420 via the ACF

30. The alignment mark 53 in the FPC 50 is aligned so as to
surround the alignment mark 425 in the touch panel 420.

[0070] Since the touch panel 420 and the substrate module 440

produce the same effect as that of the touch panel 20 and the

25 substrate module 40 of the first embodiment, the description

of the effect will not be repeated. Note that, since theproblem

of corrosion of the opague metal film caused by the fact that

the alignment mark 425 is not covered with the protective £ilm

29 is the same as that in the case of the touch panel 320 shown

30 in Figs. i3(a) and 13{b), its descripticn will not be repeated.



5 not covered with the protective film29. In such a manner, the
alignment mark 425 which is a mark having the sane stacked structure
as that of the alignnent mark 125 and whose surface is not covered
with the protective film29 is formed. In this case, the alignnent
mark 425 is fornmed by the same manufazturing 10 process as the
conventional one only by adding the pattern of the alignnent mark 425
to each of the photo masks used at the tine of patterning the
aluminumfilm31 and the ITO film32. [0069] Since the method of
manuf act urli®Qd 1 SdbstFhte FORAE ™26~ s the sane as that of the
substrate nodul 0 wn [ o I e
repeated. Fig. %894| slsjz;(%créégb{ggltlla%% ? %.g‘e’fv"g%%wéﬁg‘t ?gco\r,##gauggrtuicgn
of the subsheatsomduleddd@nobtiaiqned dyydthardbdplconpeesst areceeddingg
the FPC 50 to the touch panel 420 through the manufacturing nethod
shown in KEPg? %Xtﬁh@“%%ﬂﬁwqroﬁn@é?lrﬁ nég(%t iisna (@ sEpeeGpioral view
connected t.0 INGC t el Vi a
the A (?tf tl"ﬁgtgp mant?L %n%?% ggEB%rk ()Ehlggga ﬁgﬁngg@ség;%?to
surround thﬁpahbgﬂﬁﬁi’ﬂff@&l’eht%m ﬂhé h@ntp@ﬂ@htﬁanethéﬂﬁmcﬂ@@gﬁ]l Sknce
t he touch panel 420 and the substrate nodul e 440 produce the sane

ef fect asSPREP 67 §i t 80¢R) paféIl AP )akl thie PPSUBSEFatR HisulkPEcho
of the fit ae%f%ﬁﬂ%ﬂ@ 1018 ACPE1d PLEGT oQb) LG 1804 R nilIde 20408,
r epeat ed. sl nce t e probl em of corrosion of the opaque
metal fil mheausatk byefhecfiact rul@t-atibe @atd gosebgnavedk 435 tise netme
covered with the protective film29 is the sape as that in the case
of théOto&@ﬁlpaaﬁé s 820R3 Hehiht BOIST EiLgs 1013y h) L Rl 2R FePsated-
descripti t < i X i

Fro 16(a) Pe A 0 aPE g PR ek s A L 8 3 S e P hh

i ncluded iaf alf 4apédt crrraycsd absdisprey tdechcpamer Gi2di hy & anarlsiheting

enbodi nent, and Fi g. b) is a cross sectional view 5 of the touch
panel 5203 aEéﬁkaﬁo%@rqq%eFOPtéﬁBﬁﬂ PHh FirGCteaeHy 2T CRMpo mEmbs made

di fferent frgrr%g Oemnﬁefcgll& Abeftl%cgn@%%czgggﬁfgmm Ebgs.

10(a) andbfo e conponents 1 n the touch panel "520 shown I n
Fi gs. 159(&)3dénﬁy159( tm)pa\qtule| nbea heliinlny addsstaddes dnhehsamparefsaréace
nuneral s are designated to the sapne 10 cogﬁonents and their

descri pti &f Wit IM3Tdt SBePr epédttedS BV T B kP JPFgnnent ik ©525
shown i n F'h%Sreé’t%xﬁa m;%bf)zsé&o%barwge%er@g lﬁéﬁewltmr& Ougb

panel 520 1s a nar aV|ng a stacked structure obtalined by a
rect angul aii stk ib25bf madeabygaménanspdr 606 aettdle oxmdeof idimganena
rectangul ar mark 525a 15 made by an oEague netal filmand stacked on

t he upper iSut¥dte SPYERBT marK l§?5‘bhe‘? nmenh F@ TR A ROk
525 ipgl udes.t @%Frggt t%]arem lsu%%%htgogz%fée@yl&éwfﬂmw met al

film the visibility o e alignment mark 525 at the tinme of
al i gnnment [|0$}7t3|]gﬁ'ngsl-lowe‘((er toudd { Ke atrkepraldegrsnead t iardkl 2285y s tdhewing
alignment 20 mark 525 is not covered with the protective film 29,
processes of manufacturing the touch panel 520. Since the
manufacturing processes shown in Figs. 20(a) to 20(d) are the
same as those shown in Figs. 1l{a) to 11{d), theix description
25 will not be repeated. In a state where the connection terminals
28 and the alignment mark 523 are covered with a metal mask,
the protective £ilm 29 is formed by a CVD method or a sputtering
method. Consequently, as shown in Fig. 20(e), not only the

connection terminal 28 but also the alignment mark 525 is not

30 covered with the protective film 29. In such a manner, the



[0073] Figs. 20(a) to 20(e) are process sectional views show ng
processes of manufacturing the touch panel 520. Since the

manuf acturing processes shown in Figs. 20(a) to 20(d) are the sane as
those shown in Figs. 11(a) to 11(d), their description 25 will not be
repeated. In a state where the connecigon termnals 28 and the
alignment mark 525 are covered with a netal mask, the protective film
29 is formed by a CVD nethod or a sputtering nmethod. Consequently, as
shown in Fig. 20(e), not only the connection termnal 28 but also the
al i gnent SFRERTMSRS MATrhob2 BovabRter et itk He st dbei verei BrRgsed| n

such a m%@ghm@s 22818l gﬁ;@&g AT gméﬁ§ NLEB Jiss gdg%!gangxa mggcghe

sane stacked structure as I'gnnent  mar ose
surface i $snNRét cavered with thkeppootecive&ifld p9 23 ifsrhedmedn khikhi s
case, the alignnent mark 525 is fornmed by the same manufacturing 5
process a§atsﬁe thend bhEIReRE MRk 56r5l Jys Boragditygtiheapamesitasturheg

al i gnnent 2 ea S e f
patteﬁl n % & gl %Smt%l? %FV%%‘? nd 'E[% gﬁjl'%%ﬁgla%%égg f%%g%]&grﬁcgft he
met hod of tlﬂi%ngliﬁ@ﬁrh!éﬂﬁ’lgtaakSﬁli)Sttroaé&cHDﬂﬁlbﬁoﬁéQna§k§ hecsase @s that of

t he substrate nodul e 40 shown in Flg 6, its descrlptlon mnll not
be repeat &f. PEEHSIRANG stE crlo¥s ngEc Féﬁa?lvi“’é@v Sowi iy tdim 32.

Cher mal - cogr 8a e SHaT bR TR 520 6 PR P OE e e et s Rl Bugn

the manuf aet yhengam@tdrodhsitows the HistfratEheodanaect i Orowrernn Fal. 52
in the FPC 50 is connected to 15 the connection termnal 28 in the
touchlPanél 520 @@@cw@tmwsél Ilrﬁé %‘Flrgeﬁ?\%?ﬁ-tedrmr k183 41 ithé Fpess0

is aligne g%ﬁe%g 3
panel 520%“9[%86%?&%{1&%% % pan g é%eShg g?%taét glggfgéul e
540 produce ot bBier samaes efif enérra&{ckmxtpx@‘sstlm-beuahn@m F2O ahdd hee20

substrate nodule 40 of the first enbodi nent, the descri Eti on of the
ef fect wi IHOURBLPAREY ER8atREPUNDE BE (it f asitied ngHRE tHIShPBAYDFLIN Fig.

corrosi on cof the oasas THL gl AILI dye o hiectack) that. e Alopgent
no

mark 525 i's covere wth 't rotective fi I's the sane as
that 1B t h@eCaseneftide tte@mhamamllrsmeshomhaﬁﬂai Begsvid3ha) rand
13(b), its descrlptlon will not be repeated. [0076] <3. O hers>

Al t hough %0 -ha&hd el HEse Bagkt hatin Hiahet dih>Pahdl 21 59nLg fcRSpifel

of a Capa%h&&iéﬁnﬁoifﬂé'é‘ﬂlé%%ﬂ @nag]leSfZgr %QOJCHQ touch panel 520.
[0075] Since the touch panel 520 and the substrate module 540
produce the same effect as that of the touch panel 20 and the

20 substrate module 40 of the first embodiment, the description
of the effect will not be repeated. Note that, since the problem
of corrosion of the opaque metal film due to the fact that the
alignment mark 525 is not covered with the protective film 29
is the same as that in the case of the touch panel 320 shown

25 in Figs. 13(a) and 13(b), its description will not be repeated.
[0076] <3. Others>

Although it has been described that the touch panel is
a touch panel of a capacitive coupling type in the foregoing
embodiments, a touch panel of a resistance film type, an

30 infrared type, an ultrasonic type, or an electromagnetic



enbodi nents, a touch panel of a resistance filmtype, an 30 infrared
type, an ultrasonic type, or an electromagnetic 29 coupling type
maybe used. The insul ating substrate 21 of the touch panel maybe al so
used as the opposed substrate 72 of the liquid crystal panel 70. In
this case, the touch sensor is formed2®%n the other surface opposed to
the surface which is in 5 contact with the liquid crystal |ayer 73 of
t he opposed substrate 72. [0077] In the foregoi ng enbodi nents, the

case where the touch panel, and the FPC .50 are.el ectrically, co ted
has been GELENTBEC: VP EF RS GTETT nvEH o RGBT 1 ooS ' A6t 2f 1Hh 60 to
10 the toychc-papshe PHE yMBY Nnebatfed Astctd IphckcROANSE NAWNY2 &f the
connection termnal which is electrically connected to the FPC 50. In
particul arliquidt heybtgui perelysi@l dhsphay desecetld, taurd peasent is
invention can be also applied to the case of e]lectrically connecting
e  RPC 56 EBeRNE 418 DEPRELTTS 68 STDRTTALE THS AU AConPBrenta Aht he
l'iqui dscr ystak cRanglcn/Ocid @igﬁﬂ@eEr§bH&iaﬁa§@rtﬁg c@secR opposed
el ectrically connecting the FPC 50 to the touch panel in eacﬁ of t
enbodi mentssbstfr80E8F2In the foregoi ng embodi ments, the FPC 50 is
electrlcall%7ﬁgnnected to the connection regjion 24 in theé%gsggugﬁnel

to which ZO%HE Aer-hso fPs CaBpPY sS4 sHRY §15°¢ EBRtT

adhesive mpteni alng AL Rad | ¥l Yrel R1BLRAEECRI1T NECALECBM BBs been
ani sotropi ¢ conductive paste may be applied on the connection region
24 in the desgchbpdnelThq P@E9EnAl trhudhiont hagebeen ideset i bied tegatot he
touch_panel is 25 included in the Ijguid crystal display device 10 in
the T bbegdiiy "EREBAPABALSD E NBSY GUTH Pandl Frey: 1@ iinA°Gd8d FRLGH <
organi ¢ ElohELeet £A dMiNRICRNES) 1di SPd @Y% ideMiGeeoh HOSMd kB dHierpc
second, third, fifth, and sixth enbodi ments, it has been descri bed
that the sSiapelnofratts ok, nadety timiid crystal display device 10,

the present invention can be also applied to the case of

he

electrically connecting the FPC 50 to the active matrix
15 substrate 71 as & component in the liquid crystal panel 70 in
a manner similar to the case of electrically connecting the FPC
50 to the touch panel in each of the embodiments.
[0078] In the foregoing embodiments, the FPC 50 is electrically
connected to the connection region 24 in the touch panel to which
20 the ACF 30 is applied as an anisotropic conductive adhesive
material. Alternatively, inplace of the ACF 30, an anisotropic
conductive paste may be applied on the connection region 24 in
the touch panel.
[0079] Ailthough it has been described that the touch panel is
25 included in the ligquid crystal display device 10 in the
foregoing embodiments, the touch panel may be included in an
organic EL (Electro Luminescence} display device.
[0080] In the second, thirgd, fifth, and sixth embodiments, it
has been described that the shape of the mark made by the

30 transparent metal oxide film included in the alignment mark in



30 transparent netal oxide filmincluded in the alignnment mark in 30
the touch panel is the same as that of the mark nade by the opaque
nmetal film However, the mark nade by the opaque netal filmnmay be

| arger or snaller than the mark nmade by the transparent netal oxide
film In any case, the visibility at {he time of 5 alignnent of the
alignment mark is high, so that the effect simlar to that of the

al i gnment mark of the enbodinments is produced. [0081] The connection
termnal 28, the touch sensor 22, and the marks 125b, 225b, 425b, and
525b as t héesewwridpaaek lisnthdeand sl tiynrehtt hramkrk magdadty ohe ripeatiouch

panel s may be farned a transparent conducti filmin place _of the
t r anspar eﬁtetﬁét gﬂ%xi g'éo"ﬁvler]ﬁ’ EEFtIH%]F]f R E’é(aggﬁi PREGS é‘ﬁe&aﬁhglﬁr& ks
125a, 225&aAR0a a2 825smas dihenbhrele makk haud e ahé avBRbaFRRK i 0
each of the touch panels nay be formed by an opaque conductive film

15 in pl acetefl thiedepdigue nmétatny |INBESTRRALY SPARLIIIGABI BEETYh¢ GO82] oThe
present invention_is_suited for a circuit board on ich an alignnment
Tk {81 CUmAEERrENSEobhe 11BN I Fted=ch TG 157 o N dalf Fridoor
particul ardiyi 1R acdigRt ayr deyd ca i$eRn20maskacki Gk derastincdi $pl ay
device, the present invention is suited for the case of electrically
connect i ngpraditkexi-bl e printed circuit to an active matri x substrate

G ARACTERS 80831 65" L Pl B GRVSTAE 10 GPEAY TEICE B0 730, “2b61°
320, 420, m2s 1966 PANEL 235, CLARP SMUBSTRATE J | MIJATHNGKSWBSTRATE)
23: LEAD WRE I N TOUCH PANEL 3024: CONNECTI ON REG ON
10 alignment mark in each of the touch panels may be formed by a
transparent conductive film in place of the transparent metal
oxide £ilm. Further, the lead wire 23 and the marks 125a, 225a,
425a, and 525a as the first mark in the alignment mark in each
of the touch panels may be formed by an opaque conductive film
15 1in piace of the cpagque metal.
INDUSTRIAL APPLICABILITY
[0082] The present invention is suited for a circuit koard on
which an alignment mark for connection to a flexible printed
circuit is formed and, particularly, in a display device such
20 as a ligquid crystal display device, the present inventiocon is
suited for the case of electrically connecting a flexible

printed circuit to an active matrix substrate as a component

in a display panel.

25 DESCRIPTION OF REFERENCE CHARACTERS
[0083] 10: LIQUID CRYSTAL DISPLAY DEVICE
20, 120, 220, 320, 420, 520: TOUCH PANEL
21: GLASS SUBSTRATE (INSULATING SUBSTRATE)
23: LEAD WIRE IN TOUCH PANEL

30 24: CONNECTION REGION



31 25, 125, 225, 325, 425, 525: ALI GNMVENT MARKS | N TOUCH PANEL
125a, 225a, 425a, 525a: FI RST MARK FORMEDBYOPAQUEMETAL FI LM
125b, 225b, 425b, 525b: SECOND MARK FORMED BY TRANSPARENT 5 METAL
OXI DE FI LM 28: CONNECTI ON TERM NAL I N TOUCH PANEL 29: PROTECTI VE FI LM
30: ACF ( ANI SOTROPI C CONDUCTI VE FI LM 31 40, 140, 240, 340,
440, 540: SUBSTRATE MODULE 1050: FPC ( FLEXI BLE PRI NTED Cl RCU T) 52:
W RE AND CONNECTI ON TERM NAL | N FPC 53: ALI GNMENT MARK IN FPC 32
CLAIMS 1. A circuit board having an insul ating substrate,
25, 125, 225, 325, 425, 525: ALIGNMENT MARKS IN TOUCH PANEL
125a, 225a, 425a, 525a: FIRST MARK FORMED BY OPAQUE METAL
FILM
125b, 225b, 425b, 525b: SECOND MARK FORMED BY TRANSPARENT
5 METAL OXIDE FILM
28: CONNECTION TERMINAL IN TOUCH PANEL
29: PROTECTIVE FILM
30: ACF (ANISOTROPIC CONDUCTIVE FILM)
40, 140, 240, 340, 440, 540: SUBSTRATE MODULE
10 50: FPC (FLEXIBLE PRINTED CIRCUIT)
52: WIRE AND CONNECTION TERMINAL IN FEC

53: ALIGNMENT MARK IN FPC



conprising: 5a connection termnal fornmed on the insulating substrate
and used for electric connection to a flexible printed circuit; and

a first alignnment mark used for alignnment to the flexible printed
circuit, wherein 10the connection termnal is forned by a transparent

conductive film and the firstzalignnment mark includes a first
mark formed by an opaque conductive film 15 2.The circuit board
according to claiml1, wherein the first alignment mark i s nmade

only by a first mark formed by an q?a ue conductive film 3. The
circuit board according to claim1, ®in 20the first alignment
mark further includes a second mark formed by a transparent
conductive film and the second mark is forned on the upper surface
of the finst mank.c2bcditThesgirscuihbvhagr daacconsh gk itrgy Clsalb@mttate,
wherein

comprising:

5 a connection terminal formed on the insulating substrate
and used for electric connection to a fiexible printed circuit;
and

a first alignment mark used for alignment to the flexible
printed circuit, wherein
10 the connection terminal is formed by a transparent
conductive film, and

the first alignment mark includes a first mark formed by

an opaque conductive film.

15 2. The circuit board according to claim 1, wherein
the first alignment mark is made only by a first mark

formed by an opaque conductive film.

3. The circuit board according to claim 1, wherein
20 the first alignment mark further includes a second mark
formed by a transparent cconductive film, and
the second mark is formed on the upper surface of the first

mark.

25 4. The circuit board according to claim 1, wherein
the first alignment mark further includes a second mark
formed by a transparent conductive film, and
the first mark is formed on the upper surface of the second
mark.

30



the first alignnent mark further includes a second mark fornmed by a
transparent conductive film and the first mark is fornmed on the
upper surface of the second mark. 33 5. The circuit board according
to claim1, further conprising a first wire electrically connected to
t he connection term nal and forned by3ihe opaque conductive film
wherein 5the first mark is formed by an opaque conductive fil m nmade
of the same material as that of the first wwre. 6. The circuit board
according to claim1, wherein the first alignment mark i s covered
with a prétectiVee10¥i1941t7. bPREAC 3¢ T TSar CacEbRHl ng 1t o TEFARAT 1,
wherein t . ion tarm.nal ..n t jr.cuj.t; bo I red

by a tranrs&g’én%ggt%g nd%ct]ﬂvre@tfi ﬁ1£315$68.&r,r& Sl}t])_ trgégn%%%%fe avilo'ﬁlaya
circuit beahteactondidninalaaydofernedd eyatie cbagde7camntuet fieeXibne
printed circuit electrically connected to the circuit board, wherein
the flexi WP€TEEPNnted circuit includes: 20a flexible substrate;

5 the first mark is formed by an opaque conductive filmmade

of the same material as that of the first wire.

6. The circuit board according to claim 1, wherein
the first alignment mark is covered with a protective

10 £film.

7. The circuit board according to claim 1, wherein
the connection terminal in the circuit board is formed

only by a transparent conductive film.

15
8. A substrate module having a circuit board according to
any one of claims 1 to 7 and a flexible printed circuit
electrically connected to the circuit beard, wherein
the flexible printed circuit includes:
20 a flexible substrate;

a second wire formed on the flexible substrate; and
a second alignment mark formed near the second wire, and
a connection terminal in the circuit board is
electrically connected to the second wire aligned by using a
25 first alignment mark in the c¢ircuit board and the second

alignment mark in the flexible printed circuit.

9. A display device having a circuit board according to any
one of claims 1 to 7 and a display panel for displaying an image,

30 wherein



a second wire formed on the flexible substrate; and a second
alignment mark forned near the second wre, and a connection term nal
inthe circuit board is electrically connected to the second wire
aligned by using a 25 first alignment nmark in the circuit board and
t he second alignment mark in the flex¥ble printed circuit. 9. A
di spl ay device having a circuit board according to any one of clains
1 to 7 and a display panel for displaying an i mage, 30 wherein 34
the circuit boa is at for tra nt _conductive
i e el BolEn HdbPert taahBlRns W ilinggt

filmand furthe ctlng a

posi Iti on, dubhevei Rhay fHrnetulthdd sgmdjlsf@ as teutmcechberteueh 5
anel .
P detecting a touched position, and

the display panel is disposed so as to face the touch

5 panel.



