; abcdef e3e\ 6Tk 15 JUN 2002 DESCRI PTI ON LIQU%D CRYSTAL DI SPLAY ﬁEVICE OF
TOUCH | NPUT TYPE AND | TS FABRI CATI NG METHOD 5 Technical Field The present
invention relates to a liquid crystal display device of a touch input type,

Hs well as its ' ing nethod, which is high in contrast and high in
wisibility bNWNﬂ@ﬂ@WW@N@itS capabi lity of suppressing 10 y£jlfRcoed |ight of
fluorescent | | i ke indoors and reflected |ight due to external

| i ght out doors. *Bpe2present invention also relates to a liquid crysta

di spl ay device of a touch input type, as well as its fabricating nethod,
which is high in contrast and high in visibility by 15 virtue of its
capability of suppressing reerctedDééggipgﬁoﬁluorescent | anps or the like
i ndoors, and reflected |light due to externa i ght outdoors and noreover
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and a stationary-side sheet 21 disposed wth a
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5 Technical Field

The present invention relates to a liquid crystal
display device of a touch input type, as well as 1its
fabricating method, which is high in contrast and high in
visibility by virtue of 1its capability of suppressing

10 reflected light of fluorescent lamps or the like indoors,
and reflected light due to external 1light outdoors. The
present invention also relates to a liquid crystal display
device of a touch input type, as well as its fabricating
method, which is high in contrast and high in visibility by

15 virtue of its capability of suppressing reflected light of
fluorescent lamps or the like indoors, and reflected light
due to external 1light outdoors and moreover which 1is
superior in surface durability and prevented from moisture
absorption into its upper polarizer.

20 Background Art

Conventionally, there has been provided a touch-
input type liquid crystal display device in which a liquid
crystal display 2 1is provided ugder a transparent touch
panel 1, the transparent touch panel 1 having a movable-side

25 sheet 20 and a stationary-side sheet 21 disposed with a



15 June 2002 2 space layer 7 interposed therebetween, and in which an upper
pol arizes 8 and a | ower polarizes 9 are di sposed on the upper and | ower
iurfaces of the liquid crystal display 2 (see Fig. 17). 5 There has al so
“been provided a liquid crystal display device in which the upper polarizes
8 is not provided on the upper surface of the liquid crys{gg%ﬂy%?@bay 2 but
provi ded on the upper surface of the novabl e-side sheet 20 of the
transparent touch panel 1 so as to increase 10 its contrast (see Fig. 18).
However, with such a touch-input type liquid crystal display device having
t he above constitution, in such places as a roomw th a fluorescent |anp
504 as shown_in Eig. 12 or._an _out ogg Placg as_shown in Fig. 20, when 15
i nput wor kKSP3C8ondYsy 4 pBhEEB3SS $LPRE D S Dor FaDI B peb Ecthat™ COPRRE er
S02 or portable,term nal_ynit 500 havi a touch-input type liquid crystal
i 5ol oy dCPLRELERE ) SBidly 5P RER i o S T Bt 13D GT o oAl o
the reflection of |jght at two places,_one being an interface between a 20
space | ayetPBErt &% rg?l"é%]ér SHE teG6eEn %né?‘ele]dfcgﬂ‘fg ?F&ﬁ?ﬂfcpﬁ§?élaydi?spl ay
device and a stationary el ectrode portion set on the upper surface of the
stati onary{8¢8ef'sfeet 'hnd anot her being the uppernost surface of the
transgarent touch panel 1. The reason of this is that at the passage of
li ght>25 from one nmedP8AfofRddwérl S%f PEERI VRIPHHESC t ¢ ahdfRéd dfryvstrlis
June 2002 higher refractive index, the |larger the difference between those
refracti vedt fai2¥s #&Viehe Hor R r % ctPBRTof PPLERLZBECUB s B RS
interface. In the case of the constitution in which the upper. 5 polarizes 8
i s di sposcRronidnd appEhesiPrace soFfare v diisesifd ishesty o lofdisrday
transparent touch panel 1, indeed a nethod of preventing reflected |ight by
form ng thé PPerPsorided Nt hBeuppRepolarit2es & nthea BAfF N FisHidsh
state is also available, but reflected |ight cannot be suppressed 10
enough. AcgbedrngPyofafhebjteanseprrens presdnicapsvendt isen dss to igrdade a
liquid crystal display device of a touch input type, as well as its
f abri@at i nhtrechobrashi cseesFiow 1§ refl ection, high in contrast, and high
invisibility even in 15 such places as indoors with fluorescent |anps or
the |ike and out door Bowpyesel vivhght haughove- desesh berbutssuede Dilsidudsure O
Invention In order to achieve the above object, the present invention has
t he fol | ovfhysSEdhstditspliaghsdePdcAcdwdingg £Bea v aspetitvtiome present
invention, there is provided a touch-input type liquid crystal display
devi ce hav$wghaprlpgesdasr pstegomli pflayabélsaraseenthlpaneP04i gswihenan
upper polarizes is disposed on an upper surface of a transparent touch
panel in whitcHign uphepr 28noptitsitophabecei ffersdiwed fin nfasd 301 owdren
optical phase

15 input work 1is done by a pen 503 or 501 into a portable

personal computer 502 or portable terminal unit 500 having a
touch-input type liquid crystal display device, the display
screen would be quite hard to view because of the reflection
of light at two places, one being an interface between a
20 space layer of the transparent touch panel 1 of the liquid
crystal display device and a stationary electrode portion
set on the upper surface of the stationary-side sheet and
another being the uppermost surface[ of the transparent touch
panel 1. The reason of this is that at the passage of light

25 from one medium of lower refractive index to ancther of



15 June 2002 4 difference filmare di sposed mLth a space | ayer interposed
t her ebet ween, the upper optical phase difference filmserving to give a
phase delay of a 1/4 wavel ength to incident Iight of a center wavel ength
within a visible 5 region and having a novabl e el ectrode portion on a | ower
surface thereof, and the | ower optical phase difference fi%:ﬂﬁ%%k%?”g to
give a phase delay of a 1/4 wavelength tg the incident lig % the center
wavel ength within the visible region and having a stationary el ectrode
portion on an upper 10 surface thereof; and a | ower polarizer is disposed
on a lower surface of the liquid crystal display, wherein an angle forned

b ti I i t he ti i fil d
by, an, opt! salo e s o dl PRLagRll el ohise o Ligrsice it Arcen
an Optlcalgﬁgé% 0 e%?$%£f¥§r.ﬁ¥§fé§§ gg?setgéfﬁﬁﬁﬁpcﬁhgll?%?fgcélgﬁﬁﬂ#¥near

pol ari zed I7ght” tha 0 be outputt from a device surface ou

poIarizatiﬁﬁg%gL%%%gF%;8q1kﬁg k%ggkgaggystal di splay is about 45, an angle

formed by axi's o € tpper optical phase difference film
and the optical axis of ,the | ower i cal _phase difference filmis about
90, and wherein an aﬁ%ﬁ& o fed Sfoghg ﬁﬁ%ﬂ%é@%ﬁﬁﬁ# éff@ﬁﬁfﬁiﬁQQMﬁ&ﬁer

pol ari_zer and linearly .polarized light.that is to out putted from.the
devi c€ surPRCEEFGETof 35 FLABRPFY BglgpﬁzggpﬁFgﬁPr ﬁf@t@%uf MAYERLiegqui d
crystal 15 June 2002 display iis 90. According.to a secaond aspect of the
present inféﬁﬁ(ﬁﬂe?$e?§ ﬁfﬁﬁ?%i5§8n§pﬁ538 oy nippee idhidlE$§§?aP

di spl ay devic ccording to the first aspect, .5 erein the stationary

el ectrode Bﬁﬁtﬁogn 9 ?Bgﬁ“éﬁtﬂ?? eEFIfjeS?Tegheflt%\rNggpt i CAH Phakke divPP& ence
film Accordi to third aspect of the present inveniion,_.there is

provi ded o SLaehs rﬁ%ﬁtqleyp‘épﬁ’ ’auﬁ’a?%?%?& 8di1§‘3'1°af d%@f:i:% £iBosh S&36 t he
first aspect, 10 wherein gl ass substrate having optical (isotropy is

di sposed b % ey adtiah a&Wﬁﬂ%ﬁﬁi%ék?%o %?%ﬁ ﬁganPﬁebFoﬁéPPSSFFEQ
phase difference film and the stationary electrode portion is formed
dire&ply oﬁnPHthlass substrate having optical isotropy. 15 According to a
fourth aspect of the _present invention, there is provided a touch-input
type liquid crystal dicSPrFay deVr ceRalldrditngtt GNEhETEISERE 4S8t 1oRhdsei n
an optically isotropic filmis disposed between the stationary el ectrode
portion andt REOVEREr 2optithid pHasd o HiTR A erfieV$$¢ nP L aftd tPHERS L BPMEnar y
el ectrode portion is fornmed directly on the optically isotropic film
Accor di ng t¥P&/fiFt hWashedS ofts héa%Fé§éﬁlln9n\7‘éerﬁr}%, therR 1S ptewi dBd a

touch-input type liquid crystal display device accordlng to .the second
aspect, 25TRefEACPot RihelbppertopeFcafiPhisendiff ¥i&hed 1FVnEYRB the

15 such places as indoors with fluorescent lamps or the like
and outdoors, by solving the above-described issues.
Disclosure Of Invention

In order to achieve the above object, the present
invention has the following constitutions.

20 According to a first aspect of the present
invention, there 1is provided a touch-input type ligquid
crystal display device having a liquid crystal display below
a touch panel, in which an upper polarizer is disposed on an
upper surface of a transparent touch panel in which an upper

25 optical phase difference film and a lower optical phase



15 June 2002 6 | ower optical phase differencefil mhaveat hernmal def ormati on
tenperature of not |essthan 150C. According to a sixthaspect

of t hepresenti nvention, there is provided atouch-inputtypeliquid5crystal

di spl ay devi ce accordi ngto the secondaspect, wherein both the upper optical
phase differencefil mand thel ower optical phase differencefsj M 2002

haaeat her nal def ormati on tenperature of not | essthan 17UC.Rccor§ing to a
sevent haspect ofthepresent 10i nvention, there is provided

atouch-i nputtypeliquidcry.stai display device accordingto the

t hi rdaspect, wherein the upper optical phasedifferencefil mhas athermal
deformation tenperature_of not |ess th nlS%C.According to an, ei ght haspect
of t hepr esefit IEEROBALI A 1Mt Kdi%e FESRPBRTF d¥d T8t SuctRIThu ?¥$EIF&G%68P§§ a

di spl ay device accordi ngto the thirdaspect, wherein the upper optical
phasediffeF%ﬁE@PPFHﬁ%@ratﬁE?napﬂﬁﬁﬁnw4§§%ﬁP eﬁ%%?%?ur@lggeﬁ%? fessilm

t han170C. According to a ninthaspect ofthepresent20invention, there is

provi ded afBHERRENPER t VG qdi dBF¢sCal J8il eyl a9t dedi e “ac¥GIEiLRGHES Yt hEo
fourt haspect, wherein both the upper optical phase differencefil mand

t heopt i cal iyciderioptidiit | thafeaCERERFul YRT ot AT FRNnt"Eridtimat @r eVAF1RGE | ess
t han 150C. 25According to a 10t haspect_ ofthepresent 15 June 2002 7

i nven®i on, retiber iadroaviRd & tRidRlapeleciFede RAECEYsPRI i spray
device according to the fourth aspect, wherein both the upper optical phase
di f f erencestrfaranthenecbpt ardl Lhei s6VPEpPRLLFRM RAREcadl RErRANCHef b RAL i ON
5 tenperature of not less than 170C. According to an 11th aspect of the
present ingenving, toherievd sappbasdedial2aBue- inplht 4t ysdeliegaitd crysthe

di spl ay device according to any one of the first to 10th aspects, wherein a
t ranspar eninecédent plasbthaf ngha oceptrEalvavedengdy ivst diigposhel Bésheda t he
transparent touch panel and the liquid crystal display. According to a 12th
aspect of raeipnesedthanieeatdodtathenarysepeestiradd ROrblen- pRpar upper
liquid crystal display device according to the fourth, ninth, or 15 10th
aspet®, wheuneface thanspéreamtdresin plate having optical isotropy is

di sposed between the optically isotropic filmand the | ower optical phase
difference film Accerdiomgrt e a3tieraspectdisboshd presentovewenttbacet here
is provided a touch-input type liquid 20 crystal display device according
to any oneoffthheligusd ¢oydRah dspetay; wherein a thickness of the upper
optical phase difference filmis not |ess than 50 um and not nore than 150
um . wherein an angle formed by an optical axis of the upper

optical phase difference film and a polarization axis of the
15 upper polarizer is about 45°, an angle formed by an optical
axis of the lower optical phase difference film and linearly
polarized 1light that 1is to be outputted from a device
surface out of linear polarization emitted from the liquid
crystal display is about 45°, an angle formed by the optical
20 axlis of the upper optical phase difference film and the
optical axis of the lower optical phase difference film is
about 90°, and wherein an angle formed by the polarization
axis of the upper polarizer and linearly polarized light
that 1is to be outputted from the device surface out of

25 linearly polarized light emitted £from the liquid crystal



According to a 14th aspect of the present 25 invention, there is provided a
touch-input type liquid 8 15 June 2002 crystal display device according
to any one of the first to 13th aspects, wherein either one of a nenber on
whi ch the stationary el ectrode portion has been directly fornmed and the
Iiquid crystal display; and all of the stationary 5 el ecty50Qfe 2002
portion-directly-formed nmenber and the liquid crystal display and a nenber
di sposed between the stationary el ectrode portion-directly-formed nenber
and the liquid crystal display are adhesively bonded overall by a
transparent adhesive |ayer or a transparent re-peel sheet. 10 According to
a 15th aspect of the gsent invention, there is provided a touch-input
type |iqui lépgéyandg ptay device according to any one of the first to
14t h aspects, wherein a transparent filmlow in _noisture perneability, and
superior in di mensi oRSICOSEADT i £ i & lgeFaRPna?§868% aﬂLupgé? sﬂ??ﬁ%étof
the upper polarizer. According to a 16th aspect of the present invention,
there is pFBVF&é&O&'tohEﬁFangf RV AR o or YR %ﬂgﬂ% a%yggvigéqud
according to the 15th aigect, further co rising a k$MFL$flggtion grocessed
| ayer on aRrYppér 2615Brf¥cedBVithe £FENEPArEnt “Pi | Mfanthafed BAPERE’ upper
surface of the upper polarizer. According to a 17th aspect of the present

i nvenPi on, WhRER&D $DEr ARAFd@TATHo FHRSTHOGE R 19 ut 3 g??@?%ldHFggF§¥
device according to the 15th aspect, further 25 copprising an antifouling
processed PRyERCOACHALUPBEECaL PRESY bt %ngﬁrfhgg'of the transparent
filmlam nated on the upper surface of the upper polarizes. According to an
18th aspect of the pPeseFAingvedd o tHerd | saﬁf?‘%?/t? defft a tRRUCRPTHPREC t ype
liquid 5 crystal display device according to the 15th aspect, further
conprisinglﬁvﬁaﬁdO@oatt%ﬁééesééd 9%®¥%d%% ah P diPcetype  liquid

crystal display device according to the first aspect,

10 wherein a glass substrate having optical isotropy is
disposed between the stationary electrode portion and the
lower optical phase difference f£film, and the stationary
electrode portion is formed directly on the glass substrate
having optical isotropy.

15 According to a fourth aspect of the present
invention, there 1is provided a touch-input type liquid
crystal display device according to the first aspect,
wherein an optically isotropic film is disposed between the
stationary electrode portion and the lower optical phase

20 difference film, and the stationary electrode portion is
formed directly on the optically iscotropic film.

According to a fifth aspect of the present
invention, there is provided a touch-input type liquid
crystal display device according to the second aspect,

25 wherein both the upper optical phase difference film and the



of the transparent film/lam nated on the upper surface of the upper

pol ari zes. According to a 19th aspect of the present 10 invention, there is
provi ded a nethod for fabricating a touch-input type liquid crystal display
device having a liquid crystal display below a touch panel, wherein in the
i quid crystal display device, an upper polarizes is dispﬂ§ﬁﬁmqﬂm§n upper
surface of a transparent touch panel in 15 which an upper optical phase
difference filmand a | ower optical phase difference filmare disposed with
a space | ayer interposed therebetween, the upper optical phase difference
filmserving to give a phase delay of a 1/4 wavelength to incident Iight of
a center wavelength within a 20 visible region ng havi ng a novabl e

el ectrode pBMEIron PLEC3 bwePhadrt acH hifnguTe a%él Fhe l"Ia(Yg\ﬁer dpt tE8F™Bhase
difference filmserving to give a phase delay of a 1/4 wavelength to the

i nci dent | PghereRtine CeRPerakdvel 8AgPREWLERAPNRAR VPEibte regi on and
having a stationary el ectrode 25 portion on an upper surface thereof; and a
| ower pol arizes  15ARAREHIED 149 | 2 di $posd dFPaCtowef stRffacBrefehhe
liquid crystal display; wherein an angle fornmed by an optical axis of the
upper opti éalVepitdsa di fiheréncé st i PrPEAAed pdl aFPuGhT brPeki $ydre t héquid
upper, pol ari zer is about 45, an angle forned by an 5 optical axis of the

| ower Sopt i calysphadseddisblavendeviEem agaeTdhedr | §° pdihe | A&gandghespRat is to
be outputted froma device surface out of |inear polarization emtted from
t he |iqui dwbeystial bditdpithe wresogrtisalaphasgl eiffdereacey fihn apdi EAR axi s
of the upper optical phase difference filmand 10 the optical axis of the

| oner opt i ¢éaWweghasertti¢dler epbasei | difkfeurnae 90fiknd Wageei e anthaghel
formed by the a polarization axis of the upper polarizer and linearly

pol ari zed dbghmm@hapni§em@ebet@MEpQﬁtéétfﬂéﬁﬁthgade%V@%Csurface out of
linearly polarized light emtted fromthe 15 liquid crystal display is 90,
the nmet hod conpri si ndicasindiing ngoa Aovadrenthdeaspret BE &gheerppesedini ng
a heat treatnment for renoval of residual solvents in filmmaterial of the
uppei Oopt i dalvepidsm,20 tdiefdeer ésceptpiidetlor & ngoRch ramspar diyeeel éégnidal |y
conductiive filmfor the novable electrode portion directly on the film

mat eri al , amygsaktler dierflayn dgvackeatccogatimgnt thor theduthagddi aepsconal
errors involved in formation of |eads, formng | eads of the novable

el ectrode pbetiedm, #&he 26ppart heptpeziorphase a dickiengram nditlnf ohagura&ng of
bi nder of

thermal deformation temperature of not less than 150°C.
According to an eighth aspect of the present
15 invention, there 1is provided a touch-input type liquid
crystal display device according to the third aspect,
wherein the upper optical phase difference film has a
thermal deformation temperature of not less than 170°C.
According to a ninth aspect of the present
20 invention, there 1is provided a touch-input type liquid
crystal display device according to the fourth aspect,
wherein both the upper optical phase difference film and the
optically isotropic film have a thermal deformation
temperature of not less than 150°C.

25 According to a 10th aspect of the present



11 15 June 2002 ink with which the | eads have| been forned, as well as for
renmoval of solvents of the ink, obtaining a stationary-side sheet by, after
perform ng a heat treatnent for renoval of residual 5 solvents in film
material of the |lower optical phase difference film formng a transparent
el ectrically conductive filmfor the stationary electrcmkagmqggéybzdirectly
on the filmmterial, and after perfornigg a heat treatnent tor reducing

di mensional errors involved in 10 formation of |eads, form ng | eads of the
stationary el ectrode portion, and further perform ng a heat treatnent for
curing of binder of ink with which the | eads have been forned, as well as
for renoval, of salvents. of the ink Iagiaatin tqﬁgther thg nnvaEle-side
sheet and LEVENE 1%t | GREFG- side Bhe¥tdethed | Y h& YEpert 1 8BEGr i zer
on an upper surface of the upper optical phase difference fi|mof the
movabl e- si FEYSHh&dt SmaP ﬂ@réggY%?epequﬁ?é) atﬁ¥e§§ﬁrer8B§5§siﬁ@P%FBcess;
and 20 lam nating together the stationary-side sh %t with the liquid
crystal di $peAPINAPCOFIITRG BPET260Pk158pebP2EE ghg BFeRent L+ A eRRfoRhet her e
is provided a nethod for fabrjcating a touch-input type liquid crystal

di spl ay de?P&e Rdvti¥ng D5 IR Hui df&g%t 32YE spPay BEHRa t O8EATRAREPD
wherei_n in the 15 June 2002 12 liquid crystal display device, an upper
pol ar Pzes (t€T#ELPEEER 8h BAtuppes SlRRateVof- a transparent touch panel in
whi ch an upper optical phase difference filmand a | ower optical phase
difference filmare &iCSPFSeRdi t19 a Hpace B | ABreGtht Shosetr t RFeHE heen,
t he upper optical phase difference filmserving to give a phase delay of a
1/ 4 wavel eAgVienttdoamci 8aEel | §ht BFovidedt @ WeEheAGONtwi EMPﬁ al yggid| e
regi on and having a novabl e el ectrode portion on a |ower surface thereof,
and the | o®&YSEpti €disrphasderdcei rcsrEfEarf itomader Angy afo i ef brphake
delay of a 1/4 wavelength to the incident |ight of the center wavel ength

wi thi n t he 1¥iti brePeegFon @rRIEREVI iy & SPedRaty SRE&Rr oBkaper thaniemn an
upper surface thereof; and a | ower polarizes is disposed on a | ower surface
of thA& quQPGi§ﬁ}sﬂ§OQmQﬂﬂeﬂﬁ disposed between the transparent touch

panel and the liquid crystal display.

According to a 12th aspect of the present
invention, there 1is provided a touch-input type liquid
crystal display device according to the fourth, ninth, or

15 10th aspect, wherein a transparent resin plate having
optical isotropy is disposed between the optically isotropic
film and the lower optical phase difference film.

According to a 13th aspect of the present
invention, there 1is provided a touch-input type liquid

20 crystal display device according to any one of the first to
12th aspects, wherein a thickness of the upper optical phase
difference film is not less than 50 pm and not more than 150
ym.

According to a 1l4th aspect of the present

25 invention, there 1is provided a touch-input type liquid



15 wherein an angle fornmed by an optical axisLof t he upper optical phase
difference filmand a polarization axis of the upper polarizes is about 45,
an angle forned by an optical axis of the | ower optical phase difference
filmand linearly polarized light that is to be outputted froma device 20
surface out of linear polarization emtted fromthe IiQUigﬁu'ﬁgéﬁafﬂ

di splay is about 45, an angle fornmed by §he optical axis 0 t'he upper
optical phase difference filmand the optical axis of the | ower optical
phase difference filmis about 90, and wherein an angle fornmed by the

pol ari zation 25 axis of the upper polarizes and linearly polarized |ight

p
T T L Y
o hod ComALR! Mo 88 L2 AR o5olos SF ekt oLt Bt pena
upper o7 ShcBESe,Silichence (M LoD o enepscen, Siosisd cally,
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renoval of solvents. of the ink, obtaining a stationary-sjde sheet b
forming a EFAALPAr SATPLRBCERT chl R BhNEIR AP | PRr ¥ORT ¢ HaS st Akt bABAYY

elect10de BOLEON TSty o0, ol as SUBRL{ 2L Y] N, 081 2L 1 BPLTERY
crystal display are adhesively bonded overall by a
transparent adhesive layer or a transparent re-peel sheet.
10 According to a 15th aspect of the present
invention, there 1is provided a touch-input type liquid
crystal display device according to any one of the first to
l4th aspects, wherein a transparent film low in moisture
permeability and superior 1in dimensional stability is
15 laminated on an upper surface of the upper polarizer.
According to a 16th aspect of the present
invention, there 1is provided a touch-input type liquid
crystal display device according to the 15th aspect, further
comprising a low-reflection processed layer on an upper
20 surface of the transparent film laminated on the upper
surface of the upper polarizer.
According to a 17th aspect of the present
invention, there is provided a touch-input type liquid
crystal display device according to the 15th aspect, further

25 comprising an antifouling processed layer on an upper



20 portion, and perform ng a heat treatnent fLr curing of binder of ink
with which the | eads have been fornmed, as well as for renoval of solvents
of the ink; lam nating together the novabl e-side sheet and the
stationary-side sheet; 25 then, |am nating the upper polarizer on an upper
15 June 2002 14 surface of the upper optical phase differﬁggaﬁéadoglof t he
novabl e- si de sheet and thereafter perforging a pressure degassing process;
and |l am nating together the stationary-side sheet 5 with the liquid crystal
display with the |l ower optical phase difference filminterposed

t her ebet ween. According to a 21st aspect of the present invention, there is

provi ded aqetdiad 1ot Tobi calng g dauoliaput bypecliauid oot sl displ ay

devi ce having iquid crys ay bel ow a"touch panel; whe

t he Iiquidg@g%gk%;OQi%ggaﬁPg§¥i§glaggzggper pol ari zer is disposed on an

upper surf ace t'ransp touch panél in which an upper optical phase
2 space 15 | ayer i nt SXFQLEl Cherdbettibont 2 Fhe PRErCopPT car Ehadgeocnt
difference,filmserving,to give a phas el ay of 1/ 4 wavel ength.to.
i nci dent IFBHF“SFOE’cegpﬁFemabﬁlé% ?%lﬁfghi%IE$QH€hTﬂQ?% gi EhnglﬁE&an a
PhaceS20 AFFFETenc B FPIAVSBATRG FOoGrIed pRacEeadrly GFP2 F 4 NEFEREGt h
to the incident ,light of the center wavel ength within the visible region
and havi ng R EASI0Rary MARLLCGte BBPEFORcON 1Y SUpput S PEBSCL ROFEGES and
o, Lover PoL ISt 3.0l sposed, ana lowe, Suface oL e laug srystal
the upper polarizer.
According to a 19th aspect of the present
10 invention, there 1is provided a method for fabricating a
touch-input type liquid crystal display device having a
liquid crystal display below a touch panel, wherein in the
liquid «crystal display device, an upper polarizer 1is
disposed on an upper surface of a transparent touch panel in
15 which an upper optical phase difference film and a lower
optical phase difference film are disposed with a space
layer 1interposed therebetween, the wupper optical phase
difference film serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
20 visible region and having a movable electrode portion on a
lower surface thereof, and the lower optical phase
difference film serving to give a phase delay of a 1/4
wavelength to the incident 1light of the center wavelength

within the visible region and having a stationary electrode

25 portion on an upper surface thereof; and a lower polarizer



15 June 2002 optical phase difference filmand a polarization axis of the
upper polarizer is about 45, an angle forned by an optical axis of the
| ower optical phase difference filmand linearly polarized light that is to
be outputted froma device 5 surface out of linear polarization emtted
fromthe Iiquid crystal display is about 45, an angle forqed Rwohbe optical
axi s of the upper optical phase difference filmand the optical axis of the
| ower optical phase difference filmis abdut 90, and wherein an angl e
formed by the a polarization 10 axis of the upper polarizes and |linearly
pol ari zed light that is to be outputted fromthe device surface out of
l'inearly polarized Iight emtted fromthe liquid crystal display is 90, the
net hod cond?i sthgPoasd oRai i ng- A ovapirdasiede Ofhebtepyl idridr GEYSER )i ng a
heat treatnment for renoval of residual solvents in filmmaterial of the
upper opti@a$Pphrsewlprreénede 9Ly FOMRhgPA BPRaRPparent adlisctaf chltgy
conductive filmfor the novable el ectrode portion directly 20 on the film
mat eri al , ‘aprleaf ppEipalf phasagdd fHegenceedtidEntanchra rreeibat Wp diore st ional
errors involved in formation of |eads, form ng | eads of the novable
el ect rode @brthenurmed feliadzgrerforabeiyt adheat anr eagdentforavedc v mp of
bi nder of ink with which the | eads have been fornmed, as well as for 25
removal ofosbleaht exds tlie tihgk Lowets Qniigado@asse obtfdfieriangyea film and
stationary-side sheet by, after performng a heat treatnent for renoval of
resi dual sbiweatrdsyi pdlidomhzest ek ight ofthat opsi cd | pei sottmpited i Empmf or mi ng
a transparent electrically conductive filmfor the

device surface out of linear polarization emitted from the

liquid crystal display is about 45°, an angle formed by the
optical axis of the upper optical phase difference film and
10 the optical axis of the lower optical phase difference film
is about 90°, and wherein an angle formed by the a
polarization axis of the upper polarizer and linearly
polarized light that is to be outputted from the device
surface out of linearly polarized light emitted from the
15 liquid crystal display is 90°,
the method comprising:
obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of the upper optical phase
20 difference film, forming a transparent electrically
conductive film for the movable electrode portion directly
on the film material, and after performing a heat treatment
for reducing dimensional errors involved in formation of
leads, forming leads of the movable electrode portion, and

25 further performing a heat treatment for curing of binder of



5 stationary el ectrode portion directly on thE filmmaterial, and after
performng a heat treatnment for reducing dinensional errors involved in
formation of |leads, formng | eads of the stationary el ectrode portion, and
further performng a heat treatnent for curing of binder of ink 10 with
which the | eads have been formed, as well as for removal of ;s oRpts of the
ink, lamnating together the novabl e-sidgsheet and the stationary-side
sheet; | am nating the upper polarizer on an upper 15 surface of the upper
optical phase difference film of the novabl e-si de sheet and thereafter
perform ng a pressure degassing process and | am nating together the
stationary-sjigde et . wi.th e Jiguid st.al, ..di W t he, | gwer.

opti cal phéEEQZ%fgﬁf%gﬁghbéﬁﬂiI%%%% e?%géeggFﬁeﬁgﬁgﬁ%%eﬁ%QAE%%%dﬁﬁgIP& a
22nd aspect_of th esent _ipventi . here i s provided a nethod for
fabricati ngr%m?%%gh&f n%ﬁ?"?fﬁgé ?ltfqgﬁﬁ ggétal di spl ay device according to
any one of the 19th t 1st . aspects, erein the heat_25 treatnment for
renoval of the residd%?g%%?§%ﬂts%|1§%%}ﬁ9q%ﬁy %ﬁ£%5 Fire- 208% mafditdl s is

perfornmed at a.tenperature of not_ |ess than 1S0C. _According_to a 23rd
aspect ofiﬂﬁf{ﬁ%é&bﬁ iﬁveh??&n,59%§E?Q%;rw RA delfi®HOHRL hol If o SEddat i ng

a 5 touch-input type liqui.d crystal displ vi ce according tqQq any one of
the 19th toSCEZ)IZ‘f‘ﬁP%{pé'& s%@ﬁ‘éré‘i%qw eaﬁa%/tﬂg’aﬁ WTor Or%g't?@ﬁ—ngp%ase

di nensi onal ﬁggcgs invoIVﬁd in the formation of the leads is perforned at a
t enper at ur S E R G ss FtnAn 1008°BAEY1 esh t FERPPEFES™MO ABLEFEFAGALS Ya
24t h aspect of the present invyentiqn, there is provided a thod for
fabricatimf?PQQﬁﬁﬁignpgfiTypgoFiq%Q?(H%iﬁ%ﬂoQég%la?fﬁﬁgFggeacEBFﬁFﬁ6 to
any one of the 19th to 23rd _aspects, wherein fhe_heat treatnent for curing
ofthe. bi ndbrt 2 YReoR nkhfi 1 LB SF e ehdat TE0 e BECATT b fedl, N8 vl |
as for renoval of the solvents of the ink is perforned at a tenperature of
not |ess tkﬁﬁﬁqﬁﬂﬁﬁﬂéndf?%ssr?%%ﬂlﬁgocgl%ﬁﬁﬁ+ﬂgﬂé t BX5988t h13¥pé¥edof 1ihe
present invention, there is provided a nethaod for fabricating a 20

t ouchY nputf A5pREIRui At cr y8EF/ di SPIFEy "evité@Hecdt i nihto aRFLERB2EY the
19th to 24th aspects, wherein the pressure degassing process is perforned
at 40 - 80CkRrtzrde PREFEADR. f BPI1AULtI8F ASHEIING a heat treatment

for curing of binder of ink with which the leads have been
formed, as well as for removal of soclvents of the ink,
laminating together the movable-side sheet and
15 the stationary-side sheet;
then laminating the upper polarizer on an upper
surface of the upper optical phase difference film of the
movable-side sheet and thereafter performing a pressure
degassing process; and
20 laminating together the stationary-side sheet
with the liquid crystal display.
According to a 20th aspect o¢f the Dpresent
invention, there 1is provided a method for fabricating a
touch-input type 1liquid crystal display device having a

25 liquid crystal display below a touch panel, wherein in the



According to a 26th aspect of the present 25 invention, there is provided a
nmet hod for fabricating a 15 June 2002 18 touch-input type liquid crystal
di spl ay device according to any one of the 19th to 25th aspects, wherein
el ectrode routed portions are preparatorily provided in either one of the
movabl e el ectrode portion and the stationary el ectrode 5 @0jjne@no2and after
| am nating together the novabl e-side sheﬁ% and the stationary-side sheet,
and pressed agai nst and adhered to a connector via an ani sotropic
conductive adhesive at a tenperature of not |ess than 120C and | ess than
170C. 10 The touch-input type liquid crystal display device according to
the present invention, having the abovedescribed constitutions and
functions, PddcesansEatol | YadWshtisGes. Afhat UPRST byp?ﬁ%rb??]éngéﬁent
that the angle formed 15 by the polarization axis of the quer pol ari zes
and the optdlSROSEH SNoflt HBPGPPEFPTOBERCAF BhhEaNAPAFERENERUFRI RRRELSER to
about 45, light enters the space |ayer of the transparent touch panel in
the form ofWhdiGhcuRRr PPEEI AR F&ER] | Bhesor dg&herarce cf vl arfy dolarezed
light, and reflected 20 circularly polarized |ight or generally circularly
pol ari zed I9RJH{CadasBRasSE hrdBddiernsiCeuppetmoRita lﬁﬁ%é%di"ﬁ*él'rler@cespﬁllm
again, resulting in linearly polarized Iight vertical to the transm ssion
axis of thdaysger ipdleaposes &sherRRECLVERNect EBC| | YRPeEs sBppFrasseBhavhe
term polarization axis (or 25 absorEtion axi s) of the upper polarizes ,
refers to &ifdHearence] §lim R ipgo2tpardivicel at oPhdee degweny dfreéct L6A of
the filmmterial. Light passing through the upper polarizes is polarized,
goi ng out ﬂ*&ﬂﬁhﬂﬂgt@pﬁ@ri@@ﬁdﬁnieélgbtlPﬁeérF?ng@FaWﬁYééengéhtWéhhyniﬂ a
direction perpendicular to the absorption 5 axis. It is noted that an axis
per pendi cullrs g & heegisorand ohavkng psTegpeleed iartaods tparismssdnaaxi s
In order to allowthe linearly polarized light to be transmtted through
this upper losleari zeurfadr tthrsapsi omnaki sthed tleeedi r eatiogrbf phase
i nearly polarized |ight nust

10 difference film serving to give a phase delay of a 1/4

wavelength to the incident light of the center wavelength
within the visible region and having a stationary electrode
portion on an upper surface thereof; and a lower polarizer

is disposed on a lower surface of the liquid crystal display,

15 wherein an angle formed by an optical axis of the upper
optical phase difference film and a polarization axis of the

upper polarizer is about 45°, an angle formed by an optical

axis of the lower optical phase difference film and linearly
polarized 1light that is to be outputted from a device

20 surface out of linear polarization emitted from the liquid
.crystal display is about 45°, an angle formed by the optical

axis of the upper optical phase difference film and the
optical axis of the lower optical phase difference film is

about 90°, and wherein an angle formed by the polarization

25 axls of the upper polarizer and linearly polarized light



10 be coincident with each other. Linearly polarized |ight out of
coincidence is inhibited frombeing transmtted by the upper polarizes.

Al so, by setting the |ower optical phase difference film between the
transparent touch panel and the 15 liquid crystal display in such a nmanner
that the optical axis of the |lower optical phase differenﬁfuqﬂézﬁbgorns an
angl e of about g0 to the optical axis of She upper optical phase difference
filmand noreover forns an angl e of about>45 to linearly polarized |ight

t hat should be outputted 20 fromthe device surface out of the linearly

pol arized light emtted fromthe liquid crystal display, coloring of the

di splay screen, as viewed frogmthe observer_side, can be s ressed, hy

whi ch a di 5pRhy tr &8n R c?r\ﬁ:lpé‘l%eéﬁ ?ﬁo?}onttl?%sgeé{ﬁ&ef r%‘ér#j‘}?)'g?n @d%etor ng can
be obtained. It is 25 noted that |inear] | arized_]ight, that shoul d_be
out putt ed 111825lKe BOFS K¢ rgﬁngk‘ﬁe ‘?f’é’x/e/’%%?s%Ff’éilce?“%ugl&u]t%ecwﬁ&%I y
pol arized |ight emtted,fromthe liquid crystal display with a voltage
equal to ofifBWeY tRafthe threshol d voltage, has such a relationship as to
forman angle of 90 to the Rolarizatlon 5 axis of the upper polarizes.
Further, in the touchPBnPEErPFpECPPELSUNErystal display device, by applying
a lower reflection process to the uppernost surface of the device,

refl e2tion of |ight aPteheidgper fost "SURPaGeSEEesupphedled. P10 AsafteBsul t
of these inprovenents, the |iquid crgstal di spl ay equi pped with the

t ranspar enPet 60ER1paneld adtAdi ngredtrRRE pr é9&nt HaRASMY orPEanrefidral

di splay screen which less reflects in a roomwth fluorescent |anps or the
li ke or inselveebs piaceS5ilmi ghafarésht rast, thRd VBP§ri50gbbgast phase
visibility. The present invention, by virtue of its constitutions and
functi ons dsffeserfded BEbdve, RFTPIOVi dé a FHURAPRRAPRE t ypeetiglFalYyst al
di spl ay device which is high in contrast_and hi%h invisibility by virtue
of its 20 capdbttivg &f Juppresshiagneepbéet edecitgrdeoraniicireseehecthyips or
the |like indoors, and reflected light due to external |ight outdoors by
meansOof tbe bppefipwnl meiteedadnd aride dffdniRpIC IR 2 Bedd hdt T ¢t npper

pol arizes. Further, ir_ the case where a transparent filmis 25 | am nated
on the uppéerswddcring dhmenpperapol e¥iees, injelveds Junéozoetiph of

foll owi ng advantages are offered by virtue of the
leads, forming leads of the movable electrode portion, and

further performing a heat treatment for curing of binder of
ink with which the leads have been formed, as well as for
15 removal of solvents of the ink,
obtaining a stationary-side sheet by forming a
transparent electrically conductive film for the stationary
electrode portion directly on a glass substrate having
optical isotropy, forming leads of the stationary electrode
20 portion, and performing a heat treatment for curing of
binder of ink with which the leads have been formed, as
well as for removal of solvents of the ink;
laminating together the movable-side sheet and
the stationary-side sheet;

25 then, laminating the upper polarizer on an upper



transparent film That is, by the am nation of the transparent filmonto
the upper surface of the upper polarizes, the surface durability becones
better so that the 5 surface of the upper polarizes can be prevented from
bei ng damaged even with pen input or finger input or the like. Also, by the
I"am nation of the transparent filmonto the upper surfacegf,felRogPper
pol ari zes, noisture absorption fromthe rface of the upper polarizes can
be prevented, so 10 that contraction and“expansion as well as distortion of
t he upper polarizes due to the noisture absorption can be suppressed.
Therefore, variations of the retardation value of the upper optical phase

11 equi ar CITFERESad hobhes BBSLT BN HorBOvEs  Cie CARETFET Iodh o f GREL on
o e BT TSt es B o DAt s s, A0 o hecaaspests
20 description tgken in conjunction with the preferred enbodi nents thereof
mﬁth_refer@ﬁ@@SF&nghgrggééﬁﬁaﬁFan drawings, in which: Fig. 1is a
Rt R ol ORI ERRE T R
enbodi_nment of the 15 June 2002 22 present invention; Fig. 2 is an
expl oded p@#§&e&ﬁQM§%HW%ﬁ(ﬂrﬁﬁﬁ§qi4$ﬁpi¥ﬁV§FQIt&?sgpaﬁrdéﬁﬁééaéfpbﬁé? 1;
difference film interposed therebetween.
According to a 21lst aspect of the present
invention, there is provided a method for fabricating a
touch-input type liquid crystal display device having a
10 liquid crystal display below a touch panel, wherein in the
liquid crystal display device, an upper polarizer is
disposed on an upper surface of a transparent touch panel in
which an upper optical phase difference film and a lower
optical phase difference film are disposed with a space
15 layer interposed therebetween, the wupper optical phase
difference film serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion on a
lower surface thereof, and the lower optical phase
20 difference film serving to give a phase delay of a 1/4
wavelength to the incident light o©f the center wavelength
within the visible region and having a stationary electrode
portion on an upper surface thereof; and a lower polarizer

is disposed on a lower surface of the liquid crystal display,

25 wherein an angle formed by an optical axis of the upper



Fig. 3 is a schematic sectional view of the liquid 5 crystal display device
of Fig. 1; Fig. 4 is an explanatory view for explaining a state in which
reflection of external light is suppressed in the liquid crystal display
device of Fig. 1; Fig. 5 is an explanatory view of the backlight 10 guide
plate; Fig. 6 is a sectional view show ng a touch-input t*@ %ééﬂﬁzd crystal
di spl ay device (transm ssion type STN (ngpr Tw st ed Nema |§3 according to
a second enbodinment; Fig. 7 is a sectional” view showi ng a touch-input 15
type liquid crystal display device (reflection type STN) according to a
third enbodinment; Fig. 8 is an explanatory view of the transm ssion axis
direction and the optical, axis direct.i.on in the touchinput type liquid
crystal di ¥ aﬁe ?'ﬁ£?%ﬂﬁﬁ59ﬁ 41 236 éh@ 5Fé§8ﬁﬁ6neﬁ%&éiﬁ§nghﬁf t he
present invention; Fig. 9 is a sectiopnal view showi_ng a touch-input type

Pl o or y SERE IR T 1 o FET s osi SR EIRLS TP LuSRobH: A £F hes

nodi fication of the first enbodinent; Fig. 10 Jis a sectional view show ng a
Louch | npuBHes (peta Gas fo PR L RASE, Cefets Crofiiatt FBf LypEoSHH)

15 June 2002 23,accor&}ng to a nodjfication of the third enbodi ment; Fig.
11 is a se®AlGTaZ8H ewlShbwi hE2R toRicHS n%&t PV%@uFFﬁﬁi o G sttal dgivdERay
device (transm ssion type TN) according to a fourth enbodi nent of the
presem i nveithaGE S 9f 130Para ROJATIFRAION SRIHGM nigf At t Bk hLiABEE type
l'iquid crystal display device (transm,ssion type STN) according to a fifth
enbodi nent GBS FHERRY ilify @RS A5Firg 21 3194 €3 TeaReroR| tReRPSRERNG a
touch-input type lLiquid crystal display device (reflection type STN) 10
accor di ng &1 spkt FhenbBaPRENtOREL¢3e phasentdiffanfnceh; LY. and  shan
expl anatory view of the transm ssion axis direction and the optical axis

di rection iwtiselt ciels nphit thepédomegui tdapdt Ahaispibifeance iy is
according to the foregoing enbodinents of the present invention, 15 Fig. 15
is a secti gRaMtyi¥w /s NG X loudh- iRgde Cpgaer qui §her pspalagigpragn
device (transm ssion type TN) according to a nodification of the fourth
enbodi®rent 2xisg. 016 Ghe quBRef | PRd2nHZEN shthi Adngardlc R ipuitzad/péivhgui d
crystal display device %reflection type ST 20 according to a nodification
of the sixtthagnbddi it PeFi gutaytied 5 fsory i Baal dgivdwes howr fecan cattanpfe of
a conventionally general [iquid,crystal.displﬁy devi ce equipped with a
transparenﬂlﬁﬁ@éHYpaﬁ@l?rlzed light emitted from the liquid crystal

display is 90°,
the method comprising:

15 obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of the upper optical phase
difference film, forming a transparent electrically
conductive film for the movable electrode portion directly

20 on the film material, and after performing a heat treatment
for reducing dimensional errors involved in formation of
leads, forming leads of the movable electrode portion, and
further performing a heat treatment for curing of binder of
ink with which the leads have been formed, as well as for

25 removal of solvents of the ink,



Fig. 18 is a sectional view show ng another 25 exanple of the
conventionally general liquid crystal display 15 June 2002 24 device
‘equi pped with a transparent touch panel; Fig. 19 is an explanatory view for
explaining a state in which a portable personal conputer having the
conventional liquid crystal display device of Fig. 17 is ﬁm%dzdoﬂ a room
with a fluorescent lanp or the like; and, Fig. 20 is an explanatory view for
explaining a state in which a portable tefm nal unit havi ng t he
conventional liquid crystal display device of Fig. 18 is used outdoors. 10
Best Mbde for Carrying Qut the Invention Before the description of the

t i ti ds,. it is to be. noted that Ii
feei gnat e by 1§ Ke' r SPGEORE hurfor ab E3C HYBUGHOUT T e SHEEBmpANY: ng® BF W ns.
15 Herei nbel ow, a_.touch-input, t | | qui tal_display device,. N
as its 1 abFEEAPIg et Hod, MSRbor B RGRE bar FBas GABBcIHentS: of TERACPF bsent

invention are described jn detail wth reference to.the acconpanyLn
drawi ngs. SQLlEPgLs1 s %&%%c??&ﬁéFg@iéVgéﬂbw?ﬂblaagﬁﬁcHEQﬁiﬁgi%¢£9f#quid

crystal display device (transm ssion type TN) of resistar, filmtype
accor di ng £6T&NGr St Qﬁﬁﬁﬁﬁ%ﬁﬁﬁtO?l?ﬁEgg?%ég%tCPHSEH?FHE.QQ%$ %P?sg%%
I

expl oded perspective view of the liquid cryst di spl ay device of Fig. 1,

Fig. 3is atatioprenatilede@domar Shcdw BT ¥ iQui e rifstm meyt e pt
and after ©performing a heat treatment for reducing
dimensional errors involved in formation of leads, forming
leads of the stationary electrode portion, and further
performing a heat treatment for curing of binder of ink

10 with which the leads have been formed, as well as for
removal of solvents of the ink,
laminating together the movable-side sheet and
the stationary-side sheet;
laminating the upper polarizer on an upper
15 surface of the upper optical phase difference film of the
movable-side sheet and thereafter performing a pressure
degassing process; and
laminating together the stationary-side sheet
with the liquid crystal display with the lower optical phase
20 difference film interposed therebetween.
According to a 22nd aspect of the present
invention, there is provided a method for fabricating a
touch-input type liquid crystal display device according to
any one of the 19th to 2lst aspects, wherein the heat

25 treatment for removal of the residual solvents in the film



25 15 June 2002 device of Fig. 1, Fig. 4 is aL expl anatory view for
explaining a state in which reflection of external light is suppressed in
the liquid crystal display device of Fig. 1, and Fig. 5 is an explanatory
vi ew of the backlight guide 5 plate. Also, Fig. 6 is a sectional view
showi ng a touch input type liquid crystal display device {4 §aR_3y gsion type
STN) according to a second enbodi nent of ;he present invention. f Fig. 7
is a sectional view showi ng a touch-inpu% type liquid crystal display
device (reflection type STN) according to a third enbodi nent of the present
invention. Fig. 8 is an explanatory view of the transm ssion axis direction
and the optical ,axis .direction in the touch 15 input type |liqguid crystal

di spl ay dé@?E%r%?ﬁﬁ dﬁ%o?%?hﬁr?ﬁgt for Sgpﬁ§%ﬁﬂﬁﬁﬁﬂgnpo3f ?ﬁ?p&%@%nt
invention. Fig. 9 is a sectional view show ng a touch-input type liquid
crystal di%%@a?‘device (transm ssion type TN) according to a nodification
of the first enbodinent. 20 Fig. 10 is sectional view shqwi ng a

t ouch-i nput type quﬁFSOEP9§€aItﬁﬁsﬁ?aygﬁ% i cBSPFEFI eCtfi oS peP BIRGNE
according to a npdification of the third enbodi t._In the figures,
reference HUKBREECR: ddite® the RYARLPEFerft F‘SEgﬁgpaﬁ%ﬂ f?%&éﬁéttéélga #i qui d
crystal display, 25 3 denotes a novable el ectrade portion, 4 denotes an
upper > 26tQ%CGUh%P@@O§YB%t#égPlBh§§QS&P$féP%$&k?WtiKlQ?cﬁﬁﬁﬁ%@#%ﬁ to
stationary el ectrode portion, o denotes a | ower optical phase difference
film 7 de®dfen® spacetPayer tiB gonoteRarr RS pol'Beredr, Bheemal a

| ower pol arizer, 10 denotes 5 spacers, 11 denotes a gl ass substrate, 12
denot es antepeFRanty fogotrefieliny | fiime3sdendtleL B Mok PYALVELi d& pilte, 14
denotes an opti cal -conpensation phase difference plate, 15 denotes a

refl ecti ngfpragbionnaf1hgehseds ast PEASPEAFESt atesi FPIRAEE URe i not
edge-1ight plane em ssion device which is_a general structure of the
backl i ght besdetipamte0A3C|andnhbopsi Bhangl3®%. Ctn Fig. 5, are shown a |ine

| ight source 13a, a light guide plate 13c, an light reflecting plate 13d, a
lightOscattering | ayBECeBeingnd t8 did f udi'oh sheBECt3bOof15 BeghtPEREIE from
the line Iight source 13a into the |light guide plate 13c is outputted from
the front SwyeREeoTuppgeresur facePr¥oviged = @ﬁtﬁﬁé | §iht fghirdeasiage a3c by
the light scattering |layer 13e and the light reflecting plate 13d fornmed on
the | ower towtlcinwitthecei §haugdi ggypltatedisplay device according to

any one of the 19th to 23rd aspects, wherein the heat
treatment for curing of the binder of the ink with which
15 the leads have been formed, as well as for removal of the
solvents of the ink 1is performed at a temperature of not
less than 100°C and less than 150°C.
According to a 25th aspect of the present
invention, there 1is provided a method for fabricating a
20 touch-input type liquid crystal display device according to
any one of the 19th to 24th aspects, wherein the pressure
degassing process is performed at 40 - 80°C and 4 - 9 kg/cm’
for 10 - 120 minutes.
According to a 26th aspect of the present

25 invention, there is provided a method for fabricating a



20 13c. Further, the light outputted by the Ijight guide plate 13c is plane
emtted uniformy overall by the diffusion sheet 13b set on the upper
surface of the light guide plate 13c. The novabl e el ectrode portion 3
conprises a 25 transparent electrically conductive film3a, |eads 3b and
27 15 June 2002 the like having flexibility. The material 1§ dc®opoVvabl e
el ectrode portion 3 is exenplified by nerallic oxides suéh as tin oxide,

i ndi um oxi de, antinony oxi de, zinc oxide, cadm umoxide, or ir_diumtin
oxide (1 TO, conposite films 5 conposed primarily of these netallic oxides,
gold, silver, copper, tin, nickel, alumnum palladium or the Iike. The
upper optitehcphassutli thpeendendfid rystala dispispareatiéé | srubiraingasoa
function of changing linearly polarized light into circularly polarized
light or 1@ngengial by aiHeuhakhy #9! asiredadpabits by wlicHa18 ae1bferbase
phase shift to two conponents of polarized |ight perpendicular to each

ot her resubipgaf pePLdeaanBes RE e dtdigan el aldZeth | i fler ahFe a0
function of delaying the phase of one conponent of the polarized I1ght by a

L4 15 wavehgnabhaunbh d1ReRaciad pbpeidentnki el Qe candey ypyetenglh of
the visible region. That is, by using this upper optical phase difference
film 4, Onfofﬁiéﬂ? T 404 Copane Nt ndin RAIRY | 284 <t E%rep?fﬂﬁbgﬂhéﬁ {1 §c €ach
ot her resulting from deconposing the linearly polarized |light Ts 20 grven a

phase del ayy0f+a A ew'&wﬁ%ﬂﬁ%&bo%eé@g @H&G?Eé%s_\@%veécgé‘ﬂﬁ%o‘c

the visible region, i. an about I38 nm phase delay. I'n this caSe, t he

{Wo COMpONgALS 0 RAAT £ 34 l&%?gﬁ?)gfg?:ag?f{ fégtss%%g%heéoz@a@&ﬂeé' in

anplitude to each other, circu resualts, and

otherw se ghlLptigakly po L&§ Lght,gesid t$ tef o35 June 2

not ed here %ﬁgt t%eageégr#%%#%ngg¥ gabout S50 %%%cgn?%r1%§V§Fengthl%$9the

vi sible reg%gg"%yéo@nly that the center wavel ength of the visible region is
e a

assunmed to out 550 nm as an exanple. The reason of the setting to

aboui 5550 5 nmi s ongf he. oL} oW, g, ba .%él%?@%%iérv%@gfiﬁif%%f%ﬁégﬁxa%g%t er

wavel ength of the visible region in t e relation

| um nosttya gUS¥Bind e GUNBHe Vi 5toLent 0l Aetenges 1091 AP0, 2000040 700

nm a peak of Tunihosity facto visual sensitiVvity) exists a 550 10

N Ther ef Sk gc: 2UORT eSalile i ol | eqtd on cahcuaRtenat paoghetbi s ghou

550 nm can ke Fefl ectionh 1nsensible 1o th uman es. € upper optical

phase diffféffﬁﬁﬁé-L?aé%ggééééls al so a function as a pen or fingerlinput

of the 15 touc n 0 needs to have flexibility for easier i nput

operation. That is, by the arrangement that the angle formed

15 by the polarization axis of the upper polarizer and the
optical axis of the upper optical phase difference film is
set to about 45°, light enters the space layer of the
transparent touch panel in the form of circularly polarized
light or generally circularly polarized light, and reflected

20 circularly polarized light or generally circularly polarized
light passes through the upper optical phase difference film
again, resulting in linearly polarized light vertical to the
transmission axis of the upper polarizer, so that reflected
light 1is suppressed. The term, polarization axis (or

25 absorption axis) of the upper polarizer , refers to an axis



Al so, because the upper optical phase differe%ce film4 is
high-tenperature-treated during the formati on of the novabl e el ectrode
portion 3 and the circuit formation, 20 the filmnmaterial used is required
to have a thernmal resistance of 150C or nore. In the case of filmmterials
havi ng | ower thernal deformation tenperatyres (i.e., |ess{ghfa JgpeC as will
be described later), the retardation val th , which is a va]ue of phase del ay
bet ween the two 25 conponents of polarized |light, would be changed by high
15 June 2002 29 tenperature treatnent, in which case the visibility of the
di splay screen woul d be inferjor with the constitution of the touch-input
type |iqui ®3EAEEH BPspty d&@Ed@9acddbF8FhCR o Ahhi Shenbloth e e ter ighe
present invention. However, it 5 has been found that the higher the thernal
def or mat | o it@rFpep @t EiRg (Fheoughsgdher URBPE ROIAFLECBe deber Psdanisedr) of
the filmmaterial is, the smaller the change of the retardation value in
hi gh t enpeg@tifde a¥leaf Pt thec sRPSIpRtadaldyy nedfi §ibEyrlsudlarigedri al
is exenplified by 10 uniaxial oriented polynmeric films having a thermnal
def or mat i o itgévepedt vir énofa 18dCeeEiomr Perpegdicpdryartd atlee absorption
pol yet her sul f one, norbornene base resins, poiysul fone, and the |ike.
Parti éul ar lagisuni axial o3 i emiea] pdihedr yeat eaxpdl yearperslidwles; do  the
pol ysul fone filnms having a thernmal 15 deformation tenperature of 170C or
nore are pedseraitionasixise Is| nehareedako Hse a dasorsbetsise axisl m In
material having a 150C or nore thermal deformation tenperature is used as
the fil m matreleiral for shéowppdrheopt i ta¢aphrsepdlaféredce liighn 4,tas B8 wel |
as the reason because the filmmaterial preferably has a 170C or nore
t her mal deftormsiidh ete rpeoaghr ¢hiss uppewn pallevrézeay e déber itbedshéksnonn
detail. First, the reason because a filmmaterial having a 1S0C or nore
t her mal defecrimatanoh thenpiiregalrieon solistle asig®atrhe polaria¢adr Laght onushe
upper optical phase difference 15 June 2002 30 film4 is described bel ow.
CGeneldl | y, bshewimedtieaquali tho eachhiogher .t hdnnebelyheoimkidefiol irght osut
tenperature of the filmmterial of the upper optical phase difference film
4 is applied tooimei derfdd migatiehiidliteld tfiomppeingptrirealsmphase dif f enence
film4, the filmmaterial of the upper optical phase difference filmi4
shows suchuggleer polatriiaeras deformation or distortion due to the heat. In
such a case, it becones

Also, by setting the lower optical phase

difference film between the transparent touch panel and the
15 liquid crystal display in such a manner that the optical
axis of the lower optical phase difference film forms an
angle of about 90° to the optical axis of the upper optical
phase difference film and moreover forms an angle of about
45° to linearly polarized light that should be outputted
20 from the device surface out of the linearly polarized light
emitted from the 1liquid crystal display, coloring of the
display screen, as viewed from the observer side, can be
suppressed, by which a display screen which is high in
contrast and free from coloring can be cobtained. It is

25 noted that linearly polarized light that should be outputted



hard for the upper optical phase difference film4 to 10 retain the 1/4
wavel engt h phase difference (retardation), thus no | onger possible to
suppress the reflection or obtain a correct inage. Therefore, by the
tenperatures of |ater-described heat treatnments to be perfornmed on the
.upper optical phase difference film4 in this enbodinent, 449 unssgge film
materials are limted. In addition, with_a |ow thernal de?ornatlon
tenperature (e.g., less than 1500 of thé% il mmaterial of the upper
optical phase difference film4, performng the heat treatnent at
tenperatures less than the io.~ thermal 20 deformation tenperature would
al so inhibit occurrence of deformation or deterioration of the film
materi al ofrPRethppeevépei ear fprgseClif PEr ERBe LiNPATAYdRelebiepd hbglt In
such a case, however, the heat treatnment would be useless as a matter of
course, thamitsedvirrBushef laguddorriyréahedt spbayreatheat vastage | egeal
described later could no | onger be 15 June 2002 31 obtai ned. Heat
treatnment e fabridemery tienppere opthesthplhsevali ¥4 ended i | snah i sa now
described in a process sequence, that is, fromheat treatnent (1) to heat 5
treat nent ¢8)abéboehipesats Toedtamntany 1a)ngJN)rCPﬁaI$@/ thetbppeelaptzzalophase
difference film4 for the liquid crystal display device is fabricated in
mul ti Bl ici ekés pPAi SbeceppeonpoTheieeédre, the filmmaterial 10 is prepared
in the formof a roll in which one sheet of filmmaterial corresponding to
one sheet or any arbiflrdhgrshest s tbe upperh-optdutal tphasd ididifderengetdi I m 4
is coupled one after another continuously. Before a transparent
el ectri cal Byspdaguctdwicd,i | ny 1Bppd vioomapatowef tkélrotabhe pelosetssods
portion 3 is forned on such a rolled filmnmaterial, the filmmaterial needs
t o be subj tbeedpperheat tsuediacentof dthea &peaid,i etk fliame: iper icod latglas 4t gh
tenperatures as possible in order to elimnate residual solvents contained
in the fil chemtippeahosThesrifsc20ibesapseresded presence of any resi dual
solvents in the filmmterial would nake it inpossible to stably formthe
trangparent conducti we fal nresiher efodr ethese oridgrrdverfeoras,a thanshiaqeint
conductive filmhaving superior stability and high strength on the film
mat eri al attegsteli mimtliayy 2fuiesédualitsol ttent srepaparaetd itouche dgadeh
material, it is

according to the present invention can offer a display

screen which less reflects in a room with fluorescent lamps
or the like or in outdoor places, high in contrast, and very
15 good at visibility.
The present invention, by virtue of its
constitutions and functions as described above, can provide
a touch-input type liquid crystal display device which is
high in contrast and high in visibility by wvirtue of its
20 capability of suppressing reflected light of fluorescent
lamps or the 1like indoors, and reflected 1light due to
external light outdoors by means of the upper polarizer and
the individual layers behind the upper polarizer.
Further, in the case where a transparent film is

25 laminated on the upper surface of the upper polarizer, the



15 June 2002 32 necessary to performthe heat treatnent for renoving the
residual solvents for a specified tinme period under a high tenperature of
150C or nore before depositing a transparer_t conductive filmor~ the film
material. As for 5 the reason of this, the residual solvents could not be
renoved enough under tenperatures of |ess than 150C so thgd j@eldgapspar ent
conductive filmhaving superior stabilitgland hi gh strength could

absol utely not be forned on the filmmateérial. Accordingly, for the purpose
of 10 renoving the residual solvents iri the filmmterial, the film
material, that is, the upper optical phase difference film4 is required to
have a thermal deformation tenperature of _150C or nore, .Heat Treat t (2):
15 After tﬁg%tlloﬁ’ﬁgﬁar eé?fiv i VLRI | n? FEEFST medYon Yﬁg%f“ral m‘?ﬁt g&?‘gl as
descri bed above, in order.that desired circu%g'to be .connected to the

al ready depdStBATERAnsparBnt chHﬁEtrV% fi9%m i oM ABG DG e OF1 1 EGSFi I m
material, first, the rolled filmmaterial is cut into a Zg sheet form thus
provi di ng fGrERSRALERTal TihBet SRFBr G8& aYPPRE uppPEF30OPBti €Al pREseUPPer
difference film4. Then, this filmmaterial sheet is subjected to heat

treatnent préeddéerasthBqalFéacef GHrRRALLFRGPEFHBRSI BRAFCEr F6r §RRR EPfcui t
formation as nmuch as possible. This heat treatnent process 25 is desirably
per f oPmed &Hraacemedr dif cUPRRT | BSS2FHARL 1688 Pe1PrRNfN b2 83maRE 1ngss
than 130C for about 1 hour. Therefore, the filmmterial is required to
have a t heCRERIGE! GIHEY | BhtR e RESr atRRE" 0PI ndtiN98Ss 1PRIAC | 86C, thF ef-éKsbl y
and sufficiently not |ess than 150C. 5 Heat Treatnent (3): _During the
circuit foPdalroPdnthfe A iRaFEOS i af ShSettrINSRRELEhperatllr O i RS
process is performed for the curing of the binder of the ink with which the
desired ci VOREE tHHRGDONRECIEE tePPhe PP2ASPEPENt RORS vePEPFRF10%has
been fornmed, as well as for the renoval of the solvents. This high

t enper at ur Erepyithg suséass P§ pBRf BPREE BPlariedpefabuPe RBEEVEBESAthad 100C
and less than | 50C for 30 - 60 mnutes. Therefore, the filmmterial is
requilfed t ¢hiadvecatrhetiahr @afomPEingd ctemFertidr @ofdhdtoriesentpanths
150C. Since the various heat treatnent processes, heat treatnment (1) to
(3), are pepberneHodsrshein dbdvelo t HA T | MalFdiEr arP§PrPkd CiippERNopPEca
phase difference film4 is a uniaxial oriented polyneric filn1havin? a

t hermal 20 s§ebsesaefon (Toepefarere WIrizdernsr Afordie exerpfidttempyalue

pol yaryl ate, pol yethersul fone, polysul fone, norbornene base resins, or the
| i ke. Particdultdnel yomest @pdtiice laphdse fdifieranag 4114 el amiatead ori Ehted
pol yaryl ate, polyethersul fone, polysulfone, or the like hav'_ng a therma
25 def or matippe rt @eperdtzere @A 179 CsgPrrepeedl ndssgos Lpr| molors do not

15 occur, and moreover the antireflection function 1is never
impaired.
Brief Description Of Drawings
These and other aspects and features of the
present invention will become clear from the following
20 description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:
Fig. 1 1is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN

25 (Twisted Nematic)) according to a first embodiment of the



15 June 2002 34 material having a thermal defiormation tenperature of 150C
or nore can be subjected to the various heat treatnent processes enough as
descri bed above, but heat treating the filmmaterial to 170C or nore before
the formation of the 5 transparent conductive film nmakes the transparent
.conductive filmsufficiently crystallized (which neans a {4 gihesdggenot h),

whi ch allows an even nore stable transparent electrode to be obtained. For
executing the heat treatnment to 170C or “6re, the filmmaterial is also 10
required to have a thermal deformation tenperature not |ess than the heat
treatnment tenperature, 170C. Also, the filmthickness of the upper optical
phase difference film4 is preferably not [ess than 50 ~.~m and not nore

t han 150 ERuAsSYNt tifyeriiékriess of the upper 15 optical phase difference
film4 is over 150 ~.tm the total thickness in conbination with the upper
pol ari zer 8 woul d be Blg{ aPgels ha? i BFRLCHGAf iRRFEIPIC PE Wd8ld ¢ Eelthifeavy
wi th neat input of characters disabled. Besides, if the thickness of the
upper opti dalauiithsE vditifle ddred afyi Id@vA Ges 020 Filgss lrhan 50 dun, the film
itself would be poor in toughness and yield filmwir_kles or corrugations
during the circuit fodrimtibnis so hanadtdm faaoenalt Vieve afppde gdolqrdidzer 8
woul d be difficult. Therefore, the thickness of the upper optical phase

di f f erfence drisahad ids sprlefiec@yiyenotf Fégs flhan 25 50 ~. m and not nore than

150 ~.un, nore preferably not |ess 15 June 2002 35
Fig. 4 is an explanatory view for explaining a

state in which reflection of external light is suppressed in
the liquid crystal display device of Fig. 1;
Fig. 5 1s an explanatory view of the backlight
10 guide plate;

Fig. 6 1s a sectional view showing a touch-input
type liquid crystal display device (transmission type STN
(Super Twisted Nematic)) according to a second embodiment;

Fig. 7 is a sectional view showing a touch-input

15 type liquid crystal display device (reflection type STN)
according to a third embodiment ;

Fig. 8 is an explanatory view of the transmission
axis direction and the optical axis direction in the touch-
input type liquid crystal display device (TN) according to

20 the foregoing embodiment of the present invention;

Fig. 9 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN)
according to a modification of the first embodiment;

Fig. 10 is a sectional view showing a touch-input

25 type liquid crystal display device (reflection type STN)



than 75 ~.un and not nore than 125 Vim As for the reason that the
t*hi ckness of the upper optical phase difference film4 is nore preferably
‘not less than 75 ~,~m and not nore than 125 Nm if the thickness is r_ot
| ess than 50 dun and 5 less than 75 ~m the filmwould be tough and free
from occurrence of winkles, but it would be inpossible t%ﬁﬂ%@d@ ely
elimnate corrugati ons having gently-sloping crests and troughs. Wth a
t hi ckness of 75 ~,un or nore, the upper 65iical phase difference film4 is
enabled to 10 conpletely elimnate the corrugations. Furthernore, indeed
films having a thickness of not |ess than 125 ~m and | ess than 150 ~. m
i ndeed al |l ow pen or finger input to feel l|ight with neat input of
char act er s ageaidig Hia & inafk Fifanan HarkhE2 5 ME HomeiPeew™Sa i cul arl y neat
character input to be 15 realized. A so, a_nenber 19 depicted in Figs . 1,
6, 7, 9, 10 is a doubfEgysi Hbdifape SEFtienadoidieny StRe iisher ptshalinPHase
difference film4 that supports electrode 3, and a base material that
directly fdryme t hégsidt ioratplel deepbde ZEVE6eEt | o2 Rhetevh dvBandNhe
space | ayer 7 sandwi ched between the novable el ectrode 3 and the stationary
el ectrode mcourdidhesioe nusrtalenhpdigaanst iafutdef grepigatdényratdioned t ape
19. The adhesive material or the adhesive conpound used for the
doubl & si ded tape 19 Fhy. be2atsybki sectdpory- View @hetiage-bdsuicsitrarital or
conpound, or their copol yners or 15 June 2002 36 the like, while the
doubl e- si dedygeapéigsidpperoptiadt elispifay éxahpt e (tKRnsOiPBARD KabesHTRY)
Kai sha's 532 or the like. The stationary el ectrode portion 5 conprises a
t r anspar entaconciiotg veo fd | B2y endastidnesly, cdhdhehereiskat 3nviekéivhe novabl e
el ectrode portion 3. The material for formng the stationary el ectrode
portion 5 is exenplifFed. by3oksdes ssudhcaslt ivi epXxisdhewlingdiaumoxdideinput
anti nony oxi de, zinc oxide, cadm umoxide, or indiumtin oxide (I1TO,
conposi te fiyps ddrpdsedcpystati Idispfl avhedeviee al (def l@dtdes, tOpgolSELN)
silver, copper, tin, nickel, alumnum palladium or the like.

10 according to a sixth embodiment of the present invention;

Fig. 14 is an explanatory view of the transmission
axis direction and the optical axis direction in the touch-
input type liquid crystal display device (TN) according to
the foregoing embodiments of the present invention;

15 Fig. 15 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN)
according to a modification of the fourth embodiment;

Fig. 16 is a sectional view showing a touch-input
type liquid crystal display device (reflection type STN)

20 according to a modification of the sixth embodiment;

Fig. 17 is a sectional view showing an example of
a conventionally general liquid crystal display device
equipped with a transparent touch panel;

Fig. 18 is a sectional view showing another

25 example of the conventionally general liquid crystal display



As the base material for directly formng the stationary el ectrode portion
5 thereon, the |lower optical phase difference filme6 (see Fig. 1) is used
‘in the first 15 enbodinent. In contrast to this, in the second enbedi nent,
the transparent gl ass substrate 11 having optical isotropy (see Fig. 6) is
.Used as the base material for directly formng the statioppj)esigpet r ode
portion 5 thereon. 20 Also, ire the thir? enbodi nent, the transparent
optically isotropic film1l2 (see Fig. 7) 4s used as the base material for
directly formng the stationary el ectrode portion 5 thereon) The base
material in both the second enbodi nent 25 and the third enbodinent is
hi gh-tenperature-treated during 15 June 2002 37 the formation of the
st at i onar yoey&ee r ed@el PRed i WhtEs ankr 3MPI i 1OUT MR, as in the upper
optical phase difference film4. Characteristics required as _the materi al
of the 5 | ower opticBEIphdse #ff BBr &HEE ALY H¥5'er TBBt REB} 2 NdAe dher e
the transparent conductive filmthat forns part. of the statjionary el ectrode
portion 5 $tapeovilleddith hé | BREE2BhRI RAT PHHle GPFPELERCcEN2YIRYG6 HEin
the first enbodi nent, and anot her case where the transparent conductive
filmthat @¢ontentsopalt dfquite srustehadis@layt rdriel ¢or PfonF 3§ sldotls
provi ded on the | ower optical phase difference film®6 as_in the second and
t hi rd5enmbodsegnts. aThepaf vigh ehdluharsceati semesoar EhgedékebednBel ow
separately for the cases. First, in the case where the transparent 15
conductive filmthat Figrm2Gais an i lapatiodivarylied e€PFoGEPRGNIIY R i s
provi ded on the | ower optical phase difference film®6 as in the first
enmbodi mentstate. , imheréritdte sa at Ponbehlel eserBédBapor BRdh 5 hiaydingdi righe he
transparent conductive filmis directly formed on the |ower_ optical 20
phase diffeoemertibhale,lidieid obkpatay cHepdaverdevies afe Fidui A€d.15The
material of the |lower optical phase difference film®6 is exenplified by
uni axi al oubedt edttivamsparent polyneric films having a thermal deformation
tenperature of 25 150C or nore, for exanple, polyaryl ate, polyethersulfone,
10 Best Mode for Carrying Out the Invention

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by like reference numerals throughout the accompanying
drawings.

15 Hereinbelow, a touch-input type liquid crystal
display device, as well as its fabricating method,
according to various embodiments of the present invention
are described in detail with reference to the accompanying
drawings.

20 Fig. 1 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN) of
a resistor film type according to a first embodiment of the
present invention. Fig. 2 is an exploded perspective view
of the liquid crystal display device of Fig. 1, Fig. 3 is a

25 schematic sectional view of the 1liquid crystal display



15 June 2002 38 pol ysul fone, norbornene base resins, or the like. The
rreason of this is that wwth the thernal defornmation tenperature |ess than
"150C, there would occur a change in retardation at visible portions of the
liquid crystal 5 display of the touch panel due to the heat treatnent
_during the fabrication of the touch panel, so that the | ow JgEl2@ebi on
effect could no | onger be obtained enougB Anot her reason is that |ight
necessary for making up pixels could not Be outputted because of
retardation changes, or 10 |light unnecessary for making up the pixels would
be outputted, so that a correct inmage could not be fornmed. The

af orenenti oned heat _treatneni to_be executed on the,l r.optical p e

di f f er ence V-6 B mﬁ?gh tLé T3¢t onary %l €& r § %lﬁggﬁpgﬁ 5b?§Ldi$§§t|y
formed refers tqQ the heat 15 treatment (1). ta (3) as nentioned. for, the
upper opt i CXPLBARIBIAPT SdAkFcd T i A ’Jﬁﬂ?r%]o?&tlhoé) n%fe?}fté?r%?nftjhje&ll%v\é?
optical phase difference film©6 preferab has a.thernal. def tion
tenpera~uréUQPrf?éédoﬁqnﬁQF{1fg?é$nﬁr3?kgbf%ﬁépéﬁyl?eng§t§1 i %1%y the

transparent conductive film 20 as in the case o e r..optical . phase
di fferencead nf - Next:S i f't ﬁépiéélét\?ﬁé(r & e ?%a%g‘ﬁakkgﬁﬁc]ﬁbﬁ%c?F{? €film
is not provided on the |lower optical phase difference film®6 as in the

secon® andPERited enmbodi nents, that is, where the stationary el ectrode
portion 5 including the 25 transparent conductive filmijis fornmed on the

gl ass substrate 157}FRe ZO002 30 43 Ha38ngi Mt citey sHRVGRT a2 FAuEhe
second enbodi nent, or where the stationary el ectrode portion 5, inc|uding
the transpam®st domfuckived itmseal of %%1??¥F%$t#Eﬁ??§m+§§&9%pF¥p?iIm
12 as in the third enbodinent, the follow ng 5 characteristics are
required. B naeecraRisg t ke IéweﬁeSBPpcaF%BﬁgéﬁeaFff%FenEEefiPﬁ?%e%B

whi ch the transparent conductive filmis not provided is exenplified by
uni axi al oringeRédofr-ansparent pol yneric films having a thernmal deformation
tenperature of 10 130C or nore, for exanple, polycarbonate, polyarylate,
pol yétoher sul f one, noﬁ@dﬁnéhel§a§e§@§§1ﬁ§?lpdpf%hlﬁQﬁﬂinﬁwatEEHF K&PYR this

case, the heat treatnent (1) to (3) as discussed in_association with the
rabricati oty théquéeprystal isplay device (reflection type STN)

according to a third embodiment of the present invention.

Fig. 8 is an explanatory view of the transmission
axis direction and the optical axis direction in the touch-

15 input type liquid crystal display device (TN) according to
the foregoing embodiment of the present invention.

Fig. 9 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN)
according to a modification of the first embodiment.

20 Fig. 10 is a sectional view showing a touch-input
type liquid crystal display device (reflection type STN)
according to a modification of the third embodiment.

In the figures, reference numeral 1 denotes the
transparent touch panel, 2 denotes a liquid crystal display,

25 3 denotes a movable electrode portion, 4 denotes an upper



optical phase difference film4 are not involved, the |ower 15 opti cal
phase difference film®6 does not need to have a thermal defornmation
tenperature of 150C or nore. However, it is still necessary for the | ower
optical phase difference film®6 to have a thermal deformation tenperature
of 130C or nore. This is because a thermal deformation teg§§&@%ﬂ¥ﬁ of 20

| ess than 130C m ght cause the retardati?@ val ue to change w't I me
Meanwhil e, as the optically isotropic film12 that fornms the stationary

el ectrode portion 5, un-drawn polyneric filns having a thermal deformation.
tenperature of 25 150C or nore, for exanple, polyaryl ate, polyethersulfone,

15 June 2002,40_pol ysul fone, .norbornen %ﬁase esins,.or the like are
preferable?pﬁécﬁgr gﬁgsﬁea§8ﬁ%8FePﬁFs,? Ié?ea% tHEFOPTT caf | P FROEPRBFE film
12 indeed has no phase difference value and no problemin this respect, the
optically §?F§5tr|981§i c BT 92 is °sul§%eé'b°tteeds t ot h&o?"&pec‘:ﬁwaﬁeatp #3%t ment
(1) to (3) ,a describe%.'n tge f.abrication of the upper gptical phase
differencedF?FﬁFﬁnﬁﬁd ef redﬁgghgstdathécguc%a%g¥heﬁna@eH@Fﬁﬁnaﬁqon
t enper at ure of 150%_on nor e sé%?e 0 ticalk¥ isotropic film 12 can endure
those 10 pHBEESsERCHst tfescr PhétF b 3 TS FRPLITLERI ¢ hitPd RRR rent s,
with the use of the | ower optical phaie difference film6 and the optically
i sotropi c FPRAETS, thé t BBRPCERI cRne9ia8F (FePEFEAtPar eht (RRILPENAD 1
beconmes 15 tthneﬁ, making it pogsible to provide a thinner, nore
IightmeigthFéﬁéﬂrﬂhprOFgBBlFiq FHcr yist alde@rdFiSay 2deRd el 1 8Bt ¢ givisted
with the case where the glass substrate 11 _ )

plate, 14 denctes an optical-compensation phase difference

plate, 15 denotes a reflecting plate, and 16 denotes a

transparent resin plate.

10 An edge-light plane emission device which is a
general structure of the backlight gquide plate 13 is shown
in Fig. 5. 1In Fig. 5, are shown a line light source 13a, a
light guide plate 13c, an light reflecting plate 13d, a
light scattering layer 13e, and a diffusion sheet 13b.

15 Light guided from the line light source 13a into the light
guide plate 13c is outputted from the front surface (upper
surface in Fig. 5) of the light guide plate 13c by the
light scattering layer 13e and the light reflecting plate
13d formed on the lower surface of the light guide plate

20 13c. Further, the light outputted by the light guide plate
13c is plane emitted uniformly overall by the diffusion
sheet 13b set on the upper surface of the light guide plate
13c.

The movable electrode portion 3 comprises a

25 transparent electrically conductive film 3a, leads 3b and



having optical isotropy is used in the second enbodi ment. For exanple, in
the case of the second enbodi ment where the 20 stationary el ectrode portion
5is fornmed on the glass substrate 11 having optical isotropy, in the case
of the first enbodi nent where the |ower |optical phase difference film®6 is
. used or the third enbodi nent where the optically isotropifs findemob2 i s used,
t he gl ass subst=ate 11 having 25 opticalpysotropy can be nmade 0.7 nmt hi ck,
while the | ower 15 June 2002 41 optical phase difference film®6 or the
optically isotropic film12 can be made 0.075 mmthick, and the base
material for the stationary electrode of the first enbodinent or the third

enbodi ”enttlj\}mét %h;)%t h%%nf??nﬁt{b}@ﬁfiﬂﬂﬂ as hatn of e £ 181 Sogeqand Ropagl srent .

Meanwhi | e, t he use e glass substrate 11 having optical isotropy

as in the gfggggoggbgggﬁgh 3prj]%ssé£l§1n§iﬁf’ié&g¥y?ﬁ%t‘g‘irlqgi |oixti¥i%)0§| 2t or

finger or pen becones nore stable, as conpared with the first e

the third obdienksal0 Ames s oamdl fLaathonyololhe fl psheenfiodigent.

if pressing s i1 Tty ahd durabil ity equival ent 0se o ass’

substrate L1, avhng.0BL! calr | SOLI QY 3he UL [edol 0 LRRLALRESS: 14y t he

first embodfhe g tfansparent resin plate 1 avi ng optical isotropy

The Tout umbErds rdely 18 pEc B S a5y L "ORRALST, Sl PO e

he | Fqui &"2rystaf aFspray a2 frod T ¢a ]
of 1 he g AcePtbst FaRE TICHAD! nb OBt T ehr “PaALroRy r & pr ol er A 20 (o the

e L, o SRRt Ll HLPESPIEL! 5 T PLBLE 10
isotropic filma2 and 0%, QUSroRdSal phase: ghf LY ShatGdd M A 52R,
polarized light into circularly polarized 1light or
10 generally circularly polarized light by giving a time-base
phaée shift to two components of polarized 1light
perpendicular to each other resulting from decomposing the
linearly polarized light, and a function of delaying the
phase of one component of the polarized light by a 1/4
15 wavelength with respect to incident 1light o¢f a center
wavelength of the visible region. That 1is, by using this
upper optical phase difference film 4, one of the two
components of polarized light perpendicular to each other
resulting from decomposing the linearly polarized light is
20 given a phase delay of a 1/4 wavelength of the about 550 nm
center wavelength of the visible region, i.e. an about 138
nm phase delay. In this case, if the two components of
polarized light perpendicular to each other are equal in

amplitude to each other, circularly polarized light results,

25 and otherwise elliptically polarized light results. It 1is



Fig. 10) . 25 As the material of the transpadgnt resin plate to 15 June
2002 42 having optical isotropy in the aforenmentioned respective

nodi fications, resins superior in transparency such as pol ycarbonate
resins, acrylic resins or polystyrene resins are used. The thickness of the
-transparent resin plate 16 5 having optical isotropy is, {ffj,expepl e 0.3 -
5.0 nmm Wth a thickness less than 0.3 mg the transparent resin plate 16
woul d deteriorate in pressing stability and durability and therefore would
be prone to yield recesses or other deformations, due to repeated inputs.
Also, with a 10 thickness over 5.0 mm the transparent resin plate 16 would

be heavi er 1han 9lass. (hIPragtl cabLe. a8 pOL! A erggulpmiye Fyr tharmye, a

nultiplici?y of spacers are forned ween t he novabl e el ectrode portion

Sinad the RA01|GRAEN BESEHEOUR POLL 0B MONCN 216 APDOREC ARG, A

ot her. Thu€d"f %ﬁ? iseffec pressi'ng from on er optical ‘phase

G erence L IS et nger 01 PR a0t LISTLSRLGRIN g4 e el

por 100 54 LSBTGS | erspacerscl A Sboeale 20 Lo it o e
onder st and 0, ey ogh.! e Shacs(a saee, ool & (LW bolo.d ssgrn by
e outer JLAELeL o he, VL POShe, LS5k SACh paest AR oS - 100

relation to the human luminosity curve, the human visible
region ranges from about 400 nm to 700 nm, a peak of
luminosity factor (visual sensitivity) exists at about 550
10 nm. Therefore, suppressing light reflection at wavelengths
of this about 550 nm can make reflection insensible to the

human eyes.
The upper optical phase difference film 4
fulfills also a function as a pen or finger input of the
15 touch panel, and so needs to have flexibility for easier

" input operation.

Also, because the upper optical phase difference
film 4 is high-temperature-treated during the formation of

the movable electrode portion 3 and the circuit formation,

20 the film material used 1is required to have a thermal
resistance of 150°C or more. In the case of film materials
having lower thermal deformation temperatures (i.e., less

than 150°C as will be described later), the retardation
value, which is a wvalue of phase delay between the two

25 components of polarized light, would be changed by high



43 intervals of a fixed value between 0.1 mm|- 10 nm Wereas the upper

pol arizes 8 is disposed or. the upper surface of the upper optical phase
‘difference film4, the polarization axis of the upper polarizes 8 is set
with 5 an inclination of about 45 with respect to the optical axis of the

. Upper optical phase difference film4. The angle of abOUtcﬁﬁhdéﬁddﬁte”dEd to
convert linearly polarized light into ciygularly polarize I ght or
generally circularly polarized |light, where an all owance of up to 3 is 10
permtted. Wth such an arrangenent, the two conponents of polarized |ight
per pendi cul ar to each other become equal in anplitude to each other, so

that the |ipgacty poLatized ant fhav) mtpaégsg ttnrowq@quwgpéf gﬁéca'

phase différe rméd into circularl ol arize

generalIy_ékgéngrg%r%ﬁ%@rlzgg lb hEn Il%NPﬁ§CEb? %o%@ i q&}tag;nthe

pol ari zat i uppetr” po arlzes i s" perm
|1 h t I f.th t
i {er enceChPi P HCRo0 BHE oL ePEne TOrar FarFan SkPRLeY FHE %%p% JSEHY g
i t t t f f 45 th to th t
axi o of U hESUBBE Gt s B E AP o AR 1 | W B F LRRar | PO 2 eht | gh

t hat b d th | ph f | m 4 t
ob changedhait SPeFs cUi ATy ﬁiaaﬁfpiéa"%ﬁﬁeaﬁt B, e FRdo e S8tBRAE300
44 el lipticall |arized |lig Thereafter, the circ Earl Iarlzed | i ght
Char han! bECRPLERRRREL BY- ¢ ol T e SR L o DRSS e horpd R S e | O

hase dlff rence film4, ng o d as i nea ari ed light from
Fhe upper GFFﬁge J# e gb%@gmégF? dﬁhség%ﬁff%?éL%Epgk aﬂﬂﬁ %é t he
ellipticall ol arized | ight .that, has, heen returned eflectlon S
out put t od BECEPELAEARKIOP FaIdE Zd w?ht Lo 4L (ORea e ol S SRRE | | ght

fromthe upper surface of the upper optical hase .di fference f|In14
Conpl et e IPHé&FP?aﬁéWaﬂQﬂ%}QHqﬁg)th% C%e?p@ﬁ&??&? rﬂﬁtﬁ&ﬁﬂﬁi%

transm ssion axis _(like a slit) of the upper Eolarlzer 8, not beln

out ptif't ed Tl?léﬁfi"tlﬁé uppet SRR F ac @GS UppéiLPSI alizeins, &o t’ﬁ}é?*mal
reflected |ight can be suppressed. Inconplete linearly polarized 15 |ight,
on the oth@?rﬁéﬁatlEQntﬁmﬁﬁkaFﬁéec%ﬁp%ﬂ%n@ DerPehdi chit Gr tBOtharylate,
transm ssion_axis of the upper polarizer 8 from being outputted, but allows
t he conpon@ﬁ%yéépﬁéﬁ&éﬁpqﬁwr?quPQW%ﬂﬁnP§§?oﬁeékP§ oPOLNS W& pAR i zer
8 to be out utted fromthe upper surface of the upper 20 polarizer 8. That

i s, excessthefltEkfon r@ﬁﬁ'ﬁ§ulBﬁ%¥ﬂfUPﬁéXbéﬁar?E%f?BﬁjaﬁQQXﬁr¥¥%F%mper
polarlzer 8 is not accurately at the angle of 45 with respect to the
optical axPel¥PLPRESYPFERncopt PEaIPPhETR! EPRE erenld®s f FRHLAT bEt BREY3F the

difference is within 3, 25 then the result is alnbst the sane as with the
Circhﬁar|ydeformatlon temperature of 170 Oor more are preferable as

the film material.

The reason because a film material having a 150°C
or more thermal deformation temperature is used as the film
material for the upper optical phase difference film 4, as

20 well as the reason because the film material preferably has
a 170°C or more thermal deformation temperature, as shown
above, are described below in detail.

First, the reason because a film material having
a 150°C or more thermal deformation temperature is used as

25 the film material for the upper optical phase difference



15 June 2002 45 pol arized light (i.e., generﬁ¥ly circularly polarized
light) and the reflected |ight outputted fromthe upper surface of the
upper polarizer 8 (top surface of the liquid crystal display device) can be
neglected finally. 5 Next, the material of the upper polarizer 8 is
.generally a flexible, 200 ~tmthick polarizer which is objaiyg

i npregnating polyvir_yl alcohol with a d%@hroic pi gnent suc% as 1odine or
dye, and drawing it, and then covering t front and rear surfaces with a
cel lul ose base 10 protector filmsuch as triacetylcellul ose. Such an upper
pol arizer 8 is exenplified by "HEGL425DU made by Nitto Denko Kabushi k

Kai sha". AlLsp, % lom#reflectiog Rrocessed | ayer may be fornmed on the upper
surface of LtHB fipperdpefarPsdrP8IBY 15 applying a 1 ow reflection process
thereto. The low reflection process nay be done by a@plying a

| ow-refl ection materPaRetath 'awnﬁﬁrﬁﬁg%uﬁQW%*iﬁaeQ r &g esudipags the
fluororesin or silicon resin, or formng a netalli¢_ multilayer filmor

| ami nat i ngtherpat reefeErdblrn i FeRPeraturoochotB Aértd Mederdal &L tHe total
reflection of a touch-input type liquid crystal display device, reflection
by the touePPpanertdgefacdehage oditfderencapotitlm~4 ahel Ep@l iase pPodess for
suppressing this reflection to less than 1o is called the low reflection
proce®s. 25ilm BpEeried prottde WARELRRG I fhessy B aranee Lilm June
2002 46 upper optical phase difference film4 fromwearing due to press by

finger or ped, & l¥arBagestapr cebssde | pppr optical phase difference

film 4 shows such deterioration as deformation or
distortion due to the heat. In such a case, it becomes
hard for the upper optical phase difference film 4 to
10 retain the 1/4 wavelength phase difference (retardation),
thus no 1longer possible to suppress the reflection or
obtain a correct image. Therefore, by the temperatures of
later-described heat treatments to be performed on the
upper optical phase difference film 4 in this embodiment,
15 usable film materials are limited.

In addition, with a 1low thermal deformation
temperature (e.g., less than 150°C) of the film material of
the upper optical phase difference film 4, performing the
heat treatment at temperatures less than the low thermal

20 deformation temperature would also inhibit occurrence of
deformation or deterioration of the film material of the
upper optical phase difference film 4 due to the heat. In
such a case, however, the heat treatment would be useless
as a matter of course, that is, various effects of the heat

25 treatment as will be described later could no longer be



conprising acrylic resin, silicon resin, [JV i curing resin, or the |like may
al so be deposited on the upper polarizes 8 5 By arranging the transparent
touch panel 1 and the upper polarizes 8 in such a constitution as shown
above, reflected light due to the |ight incidknt fromexternal can be

. Suppressed in the follow ng manner. Incident |ight from tfig)pRsepyer side
passes 10 through the upper polarizes 8, Peconing linearly polarized light.
When this linearly polarized |ight passé% t hrough t he upper optical phase
difference film4 that gives a 1/4 wavel ength phase delay to the
center-wavel ength incident |ight whose optical axis is inclined by about 45
to the 15 pol ari zation axis of the upper polarizes 8, the linearly

pol ari zed PP§RENPE -divided into two pol arized conponents perpendicular to
each other and equal in anplitude to each other, one polarized conponent
bei ng gi ven a 1/ 4 wa¥e€PEnditfafiRant déPayt 2t G el Ehet RePRrnRtyFal

pol arized light is 20 changed into circularly polarized |ight or generally
ci rcul ar| yppasar idefifenaime ThéA fheli M@ afeyCpelsd 280 |§ gMriess
generally circularly polarized Iight reflected by an interface between the
space | a~eseguanget he thest i difary IRt ripdRtpoEERBAMSNtwhi(éh | $Ot hdr9ady gest
refractive index 25 portion of the interface, passes again through the
upper 5 15tZea&me002 (47 bptpwal phase difference film4. The light having
passed t hrough the upper optical phase difference ~ilm4 is changed from
circul arl yHpakaFicgedmenght(1or generally circularly polarized light into
linearly polarized light, where the 5 linearly polarized |ight changes 90
to the linearly pol aNezadllyghtthehatoress dotristalpadwad dirfdiggiendse Lipger

pol arizes 8, resulting in linearly polarized light nearly vertical to the
transmi ssi 4n fd stbé tlliguipperr ysiak | despBaysdeviiae |ighfahvitehgdr ipasses
t hrough. Thus, reflected 10 light is suppressed. The term "generally

ci rcul arl ympékapilzedtliieghtith, sherceiss ogf.er Tégnedors,i the $tidme madreridlose to
circularly polarized light. Wen the optical axis of the upper optical
phas&odi f f éseqoeddrdad 4ins thrglBok®50€o at heo bl ani rétlichn drte agheedf athe
upper polarizes 8, circularly polarized light results, and ot herw se,

el l'i ptical Eylpolertiezecll i gintressendsng Skacencheshggferopobari zad i ramy t he
upper optical phase difference film4 are disposed with an all owance of 3
W th respeehetast e amyles ioptimpresase ehboelfemesr sfbimt hei80 qorussest
invention, the terns, "generally circularly polarized light", in the
citation, ekl gfitecabhythelracionddnuogistl yor generally circularly pol arized
light" is elliptically polarized |ight wthin the allowance range of +3. 25
In addition, the optBedbra. ai $rahspheeniperl egitricallly conductive film

15 to form part of the movable electrode portion 3 is formed
on such a rolled film material, the film material needs to
be subjected to heat treatment for a specified time period
at as high temperatures as possible in order to eliminate
residual solvents contained in the film material. This is

20 because the presence of any residual solvents in the film
material would make it impossible to stably form the
transparent conductive film. Therefore, in order to form a
transparent conductive film having superior stability and
high strength on the film material after eliminating

25 residual solvents contained in the film material, it 1is



15 June 2002 48 phase difference film4 is an axis parallel to the draw ng
direction of the filmmaterial of the upper optical phase difference film
4, which is used as the raw material. Al so, the polarization axis (or
absorption axis) 5 of the upper polarizes 8 is an axis parallel to the
_drawing direction of the filmmaterial. Light passing thrgugh.tiagoupper
polarizes 8 is polarized so as to be outg?tted fromthe upper polarizes 8
as linearly polarized light only in the rection perpendicular to the
absorption axis. 10 It is noted that an axis perpendicular to the
absorption axis is referred to as a transm ssion axis. In order for
linearly polarized light to b2 transmtted by this upper polari,zes 8 the
transnissiBﬁcéﬁ%§ﬁﬁuﬁ%h8eﬁﬁpé@ti g%e?ﬁeq%%ﬂﬁm%ﬂﬁtgﬁﬁ FETRSiREht SRt h
each other. Linearly 15 polarjized |ight qut of .coincidence in directions
cannot be teEsisMalt &P URE TR pet EgﬁﬁF'iég 106 REXH PBIYES Ad P Nt
emtted fromthe liquid crystal display 2 is originally light fromthe
backl i ght, teFPEFataiIehangBd iimb G i near | Yot ar iPRSPHS ghfie%95ét2@gpo| arizes
(lower polarizes in this case) as stated above, then by passing through the
liquid cryétanspiagsindy pndiniguie ebls® a8 thepefEh n@ﬁéeﬁ%aw-t h Asefor
transm ssion axis of the upper polarizes 8 with a voltage below a threshold
vol t ae or thet pueesedns®fasthds t b &6ishei@dnt SMYANERe 238143 aRef s8Fon
axi s of the upper polarizes 8 with a voltage 15 June 2002 49 equal to or
above the tiemestesl devepgageindegr ERBAPFatUrASt Hef cas6Softhde AdCm&l 1§Pwhite
di splay node. In addition, in the case of the normally black display node,
conver sel y thette Iaghﬁﬁaﬁamﬁ%mmledC@6d3§t%Hebe-%bh%ciééﬁﬂmﬂiﬂﬁﬁPﬁﬁ%Pr
transm ssion axis of the upper polarizes 8 with a voltage over the
t hreshol d wdlakcdde. t varrh bt ight t eereatls fowledo absodsitrdivdemt e hi ¢ Feed
transm ssion axis of the upper polarizes 8 with a voltage equal to or bel ow
t he threshoind vbet atjdm Linkbethelpol aRiczatiddnddwis 8prt Heraupperrpskar®fes 10
8, the polarization axis (or absorption axis) of the |lower polarizes 9 is
an axi0s paranmosiinto the desidngldiselcranis oflnt Hdief | fdmaratieglialli ghive
passi ng through the lower polarizes 9 is polarized so as to be outputted
fromthe | didm polizarnizds Othst| imearthy puired rtidaghtplonsy dhffapence

film 4 is required to have a thermal deformation
temperature of 150°C or more.

Heat Treatment (2):

15 After the transparent conductive film is formed
on the film material as described above, in order that a
desired circuit to be connected to the already deposited
transparent conductive film is formed on the rolled film
material, first, the rolled film material is cut into a

20 sheet form, thus providing film material sheets for use as
the upper optical phase difference film 4. Then, this film
material sheet 1is subjected to heat treatment process, as
required, for reducing dimensional errors in circuit
formation as much as possible. This heat treatment process

25 is desirably performed at a temperature not less than 100°C



15 direction perpendicular to the absorption axis. Also, in order to
_suppress coloring of the display screen of the liquid crlystal display
device as viewed fromthe observer side, a | ower optical phase difference
film6 that gives a |I/4 wavel ength phase delay 20 to the center-wavel ength
incident light is disposed between the upper optical phasg §idef®igence film
4 and the liquid crystal display 2 of th% transparent touch panel 1. Mre
preferably, when the |ower optical phase difference filmeé is |lamnated on
the entire upper surface of the liquid 25 crystal display 2 by the nmedi um
of a transparent adhesive or 15 June 2002 50 the like, not only the
coloring of the display screen can be suppressed but also reflected |ight
can be suppPEsdEdsndtélerfE G v ?§.aPHthis$EH§é,tTﬁﬁ¥% ¢ poptheal1pAase
difference 5 film6 is so positioned thag the optical axis of the upper
optical phB&&edifier ehte FROAMIFSShd tPhe 8FtEcal® axfEeERat he dedREmaspercal
phase difference film6 fornms an angle of about 9Q. The angle of about 90
i s intende§eMBeEREHGE t IR ci PRI ariSP ol BrFRed 1P0ght orPkfrraRly and
circularly polarized 10 light, which results after passing through the
| oner opt i 68 fpkdea tdii Peted@ss ithars, 1 3%t |inearly polarized Iight with
t he upper optical phase difference film4, where an allowance of 3 is
per i bt ed. Heatt Aeeatmeat] ower: optical phase difference film6 15 is so
positioned that the optical axis of the |ower optical phase difference film
6 i s angl ed about 45DHnRG édirectii@1it neRF ST pol af R zBHS | f§hn RRGErsAdUl d
be outputted fromthe device surface out of the linearly polarized |ight
emitted freheele Nighi ametadiung spren. PIeeeshgle periboned460p0ths
intended to change the linearly polarized light into circularly polarized
| i ght or gensiapl yoi the abindpol @f z&del | hk, Witdr ewhhchl Itdwandessoted is
permtted. In addition, in the case of the | ower optical phase difference
film6 in whrchith&ostka i opangchedctoodd ok ¥ apFrEr ¢t provildedive Lism25
upper surface, coloring of the display screen can be 15 June 2002 51
suppi 8ssedhandbebacdasrwetheasowed lopisi falr shasacmiotheér eficehei FmlBentkso
forms part of the transparent touch panel 1, there is no need of providing
the opti calhphaskigh f fleamrarm futen Besirdesprokeski near Iseyfoirddzedt! i ght
t hat shoul d be

temperature not less than 100°C and less than 150°C for 30

- 60 minutes. Therefore, the film material is required to
have a thermal deformation temperature of not less than
15 150°cC.

Since the wvarious heat treatment processes, heat
treatment (1) to (3), are performed as shown above, the film
material of the upper optical phase difference film 4 is a
uniaxial oriented polymeric film having a thermal

20 deformation temperature of 150°C or more, exemplified by
polyarylate, polyethersulfone, polysulfone, norbornene base
resins, or the 1like. Particularly preferable as the film
material are uniaxial oriented polyarvylate,
polyethersulfone, polysulfone, or the like having a thermal

25 deformation temperature of 170°C or more. Indeed a film



5 outputted fromthe device surface out of the linearly polarized |ight
emtted fromthe liquid crystal display 2 with a voltage equal to or bel ow
the threshold voltage has such a relationship with the polarization axis of
t he upper polarizer 8 as to forman angle of 90. 10 As the liquid crystal

di splay systemto be used for the liquid crystal display 4 jg@eéadoabl e are
transm ssion- and reflection-type TN qugid crystal display systens,

transm ssion- and reflection-type STN di ﬁlay systens, and the like. In any
case of these liquid crystal 15 display systens, the | ower optical phase
difference film®6 may appropriately be positioned so that the optical axis
of the lower optical phase difference film6 forns an angle of about 45
with respeBatesiplnd@viihod afPeenati Gt ormat 1oRo IS Bitiputedl PP om t he
device surface out of the 20 linearly polarized light emtted fromthe
liquid cry8falmafisplcay 2oe| rsuliiechres t6f Fhe t¥amsiSsheat ahfeatment
reflectiontype STN liquid crystal display systens, as the constitution of
the |iqui dPEPgSBERSdESOIUE 2S adedprikad- abppens&itohness pheat g fehence
plate 14 for preven~ing the coloring of the 15 June 2002 52 displ ay
screen andféhRaneitegiehe ot Tt ¢5 Geher REICQTSr dvicd P i g of T t Hlee
liquid crystal cell 2a in addition to a liquid crystal cell 2a, as shown in
Fig. 20. |hrehereasatof goneiati™e |i duild cr y&akas di sPhay, Bringharent

out putted fromthe backlight guide plate 13, passing through the polarizer
9, resul t scondbchédel yfpbh asiuddd dliegiitl vascsieha Lila zBdg. (Whidhi selbngeat | y

pol ari zed |ight, when passing through the liquid crystal display 2 with a
vol t age eqbafht o srréediw t he whirdshokd 1ewvist agal r &St s ALk nedfalylda o

pol ari zed light twisted 90. Further, linearly polarized light that has
passed t hr bughspheehtwerlaptiadd phadee dpbteionde fiFar6esecomssacitoal arly
polarized |ight and then returned again to linearly polarized |light by the
upper optibabktphase tdiehftertencle’ 31C nod. m@ret hicbet ifid mpaiatter ik5 bistaakso t he
angl e between the optical axes of the two optical phase difference filnms is
about 090, theguiesdl tiongavieneartlyepod hrdgsorha ginn | senbe srtwe: swtasless be
perpendi cul ar to the polarization axis of the upper polarizer 8 in the case
of the norhhkhytihi headi spkaymeode teR@eFadtures, 119 d.i nearly pol ari zed
light is coincident with the transm ssion axis. Therefore, this linearly
pol ari zed light is aRlewed tlmepaSsisin hitbughknelss poFfartilrer W®pso tdwritidaght
can reach the observer. Also, in the touch-input type liquid crystal 25

di spl ay dephgegehayvifigrancenstiiliiit4 o sap réesferradied mboveesshehanlHdume 2002

and not more than 150 um. If the thickness of the upper

15 optical phase difference film 4 is over 150 um, the total

" thickness in combination with the upper polarizer 8 would
be so large that input by finger or pen would feel heavy
with neat input of characters disabled. Besides, 1f the
thickness of the upper optical phase difference film 4 1is

20 less than 50 um, the film itself would be poor in toughness
and yield film wrinkles or corrugations during the circuit
formation, so that lamination with the upper polarizer 8
would be difficult. Therefore, the thickness of the upper

optical phase difference film 4 is preferably not less than

25 50 um and not more than 150 um, more preferably not less



53 nenber on which the stationary electrode portion 5 is directly forned,
as well as the liquid crystal display 2, or tEese menbers as well as all

t he nenbers between these nenbers i ndeed nay be bonded by doubl e-si ded
adhesive tapes 5 at places outside the display screen area, but nore
.preferably, bonded overall by a transparent adhesive Iaye{ Rinefodghanspar ent
re-peel sheet. In addition, all the nenbers may be bondedf%o one anot her
only by either one of transparent adhesi = | ayer and transparent re-peel
sheet, 10 and it is al so possible that some nmenbers are bonded by a
transparent adhesive |ayer while other nenbers are bonded by a transparent
re-peel sheet. The transparent adhesive layer is a coating of a general

t ranspar entthdhedpvem BilS aehedPve i@%ke?vwf)ﬁi Hled 1BSbyodcr§1e c fraseRs
such as acrylic ester copolyners, urethane resins, silicon resins, or
rubber base-h@si f8e THE ¢FRfEHaréntthe- FRBRTsHRTIGE aPhRfe s edt e med
froma transparent polyneric adhesive. The polyneric adhesive is

exenpl i fi edfiym vt et Hamereapr@lficgaddat vl IyneRde 2D Hat apfahet sorehe

| i ke. By the transparent adhesive |ayer or the transparent re-peel sheet,
the air spaderbetdeennt hel firebiber tbacKhiegh tiife Rett LeAar yhelneci® ode poct i on
5is directly forned, and the liquid crystal display 2 can be elim nated.
Still ore,ldmtatibent HES r gy acthee fiiddexvail@5beheseuahr anspar &ree adlresi ve

| ayer and the transparent re-peel 15 June 2002 54 sheet is larger than
air, close awulieenasd r &dt i Weinfdeses BRtsuéh nepbids R8s tIFPASEEL eopticcal
phase difference film®6, the glass substra~e 11 having optical isotropy,

t he opticaldgrplsfiglapi cetiminale t@errpaasparent NAE¥INE pldgnélyes3orarong
optical isotropy, the glass plate formng the liauid crystal display 2, and
the |ike, tdeessfladitomwfhdd ghfitit 2 hehinkeesacef Bt weenrt herer andpar ent
adhesi ve |l ayer or the transparent re-peel sheet and these nenbers is

suppr essed,upet hatptierl r aplcasa t ahtelerendey bet®Bred higheenshandt hdp 10
of a constitution having an air space in the case where doubl e-si ded tape
is useldl. Besimgelsstdlacaisoninate efhaccoveugatdesndf t Rurthannpaeentinddhdsi ve
| ayer or the transparent re-peel sheet is close to the refractive indices
of the aboveriment hanetg menheérskneskr act i oot ol ebbglthaat 1td%e Wb andedkace

bet ween the transparent adhesive |ayer or the transparent re-peel sheet and
t he menber stian sUpPrgaseddesd thabwneeshadovwSirager f mpred to thelsdrigen

di splay. Also, the nenbers bonded to each other by the transparent re-peel
sheet are ohidrrachertzeichmt befnghamgdterz0 ersbsednt bug af vers i shlhpeacti ng
pul | -away force and a horizontally-displacing force, and easily being
separ at ed awvean f L2 @achs ldidwerpaheicypldted away fohemabdel singes: | tosbeh a
manner that the nmenbers are peeled off fromtheir ends. Accordingly, there
is ndafrairkafigmel s in normal 25 use state of the nenbers after the

nmounting, so that the 15 June 2002 ,
Also, a member 19 depicted in Figs. 1, 6, 7, 9, 10

is a double-sided tape 19 for bonding the upper optical
phase difference film 4 that supports electrode 3, and a
base material that directly forms the stationary electrode
20 portion 5 thereon around the space layer 7 sandwiched
between the movable electrode 3 and the stationary electrode
5. An adhesive material may substitute for the double-sided
tape 19. The adhesive material or the adhesive compound
used for the double-sided tape 19 may be acrylic-, epoxy-,

25 urethane-based material or compound, or their copolymers or



55 nenbers can easily be peeled off for mai nt%nance or other occasions. In
addition, it is needless to say that the adhesive power of the transparent
re-peel sheet does not |ower even by repeated renovals. Al so, in the case
where an 5 urethane base polyneric adhesive is used, because the
.transparent re-peel sheet is a material having both water ?93% {p9 and gas
sucki ng properties, the transparent repe%l sheet, when fi1 ed, absorbs the
ai r bubbl es m xed between the nenbers at ﬁoon1tenperature, so that a
product 10 free fromair bubbles can finally be obtained wthout any
special treatnent. In addition, the terns, any special treatnent, refer to
such treatnent as expelling air bubbles by noving a roll while a pressure
i s appli ed Feomdif ettt Pt t T SPUPhe SiFf¢AcE2BE Lhe 2PPERBPAREAL YT ek
panel 1. 15 Such a s]peci al treatment cannot be applied in the case of a
t r anspar entS*ESrdte - pAHeito1 Dgakrg KeRe s 4sKadgBer at @32 10Ravhagl et i cal
isotropy, in which case the aforenmentioned air bubble absorbing effect at
roomtenperature i s % eSGIELANATY0 NSGTIIFR MOFHEANf 0P fWHPTdEEISNgat he
touch-input type liquid crystal display device is described in detail
bel ow. ( UpfF&engpeirealt Ti¥ver EALE FAam 2 dfeatbuelhr Pangl the Thékapper
optical phase difference film4 can be 25 given a specified phase
di f f ePence Wkeunthgi aovaklent £ hgchrede 15>OI8?rié’f120©2 56Tha- draiarifgy nfor
material. In this enbodinent, a rolled filmmaterial having a phase
di f f er ence forming Wdeelséaginnenyviesesteodiegporsfioabdut s58eenpl 1 fheédhbys an
exanpl e of the wavel ength of the largest lumnosity factor, by controlling
5 a refracwoxigldmdenchn & %idi recidon, iwdicm i exide, opritdalonaxi sxtdle ect i on
of the filmmaterial, a refractive index in a y-direction perpendicular to
t he x-directinen, caddea refdmétivectxihdex i9r a indiskmessndi estteon(BTOL he
filmmterial, which is a z-direction perpendicular to the x 10 direction
and t he y- diomgpotsiidie fHndhs lonpessigd anid i yeeerikes¢ sreisedl forothdesipper
optical phase difference film4. In addition, when the | ower optical phase
di f f @Pence gilldn 6l lsveyi veropipase HiLff endadel  t e wmEsam, s palel shmen,asorn t he
upper optical phase difference film4. 15 (Mvabl e -El ectrode Portion 3 of
Touch Panelth®) lAke.ansparent conductive filmformng part of the novable
el ectrode portion 3 is formed on the rolled filmmaterial for use of the
upper optical phase & fehenceadd | materRPedcessr ofditrdct Ifv | fiotoi ngt | e may
be sputtering, 20 evaporation, or CVD process. Before the fornmation of the
t r anspar ents tedriduncti wee I¢d nrodhé ghotrénper & utbetreent neite nepds tapthiecgharri ed
out as nmuch as possible in order to renove the residual solvents in the
fil m mat er phlaseThliS flexrdpemauSidlnt he esedldlg.sollvens susefl pneddre | £ivstt d
make it 25 inpossible to forma stable transparent conducti~re film 57
15 embodiment.

In contrast to this, in the second embodiment,
the transparent glass substrate 11 having optical isotropy
(see Fig. 6) 1is used as the base material for directly
forming the stationary electrode portion 5 thereon.

20 Also, 1in the third embodiment, the transparent
optically isotropic film 12 (see Fig. 7) 1is used as the
base material for directly forming the stationary electrode
portion 5 thereon.

The base material in both the second embodiment

25 and the third embodiment is high-temperature-treated during



15 June 2002 Wiereas the transparent conductive filmis deposited after the
renoval of residual solvents, it is necessary to formthe filmunder a
tenperature of 150C or nore for stabler formation and hi gher strength of
the transparent conductive 5 film Accordingly, a filmmaterial having a
~thermal deformation tenperature of |ess than 150C woul d yis£lfheSid0b
deteriorations as deformation and distorL}on wi th 150C or nore heat, so
that the 1/4 wavel engt h phase difference coul d not be retained. Al so, heat
treatnment of less than 150C 10 would result in insufficient renoval of the
resi dual solvents, so that a stable, high-strength transparent conductive
filmcould not be obtained. Therefore, since 150C or nore heat treatnent is
done for tHeeréabParier PEstBBartabioBRtY BheCRECHRI RPFELER a 2heHS I m
material 15 for formng the transparent conductive filmnust be a film
materi al hebraglit fAERABLOWef BF MR Ghet SRPEratlite G BoCord horerde film
material with a transparent conductive filmfor use of the upper optical
phase diff&k&mceé-film4 20 nade in this way is generally roil-shaped.
Therefore, the filmmterial is cut into specified size for circuit
formation so as to bEhapaaberiptbcsheeduirRe 33 mthat etdt@riak P§ rdted
that one filmmaterial sheet, in some cases, corresponds to one transparent
t ouchS paneloderbeptirehophass BefAgrenaet 41 1o 6t Kt FegoPedsipeRds (T hy
arbitrary nunber 15 June 2002 58 of transparent touch panels 1 in other
cases. Thewberefthen aarsparentheeenduc sisg e‘gﬂé@ the th dnmsy Qadc exfs, thes
required, with a view to reducing any di nensional errors in circuit

f or mat i on. sTaeidmar ¥V ngleqirodesspestderi rablly dorevided canpeRat urawesft not

| ess than 100C and | ess than :.30C for about 1 hour. Thereafter, the
circuit foopaicah phateadsffadenhe Fike @hiash iar dhsarfiiyséf amwdisantof the
novabl e el ectrode portion 3 is carried out. The process for the circuit
formati on amg¢ beotlbAe bgsscwbeme the transparent conductive film that

10 forms part of the stationary electrode portion 5 1is not
proQided on the lower optical phase difference film 6 as in
the second and third embodiments. Therefore, the
characteristics are described below separately for the cases.

First, in the case where the transparent

15 conductive film that forms part of the stationary electrode
portion 5 is provided on the lower optical phase difference
film 6 as in the first embodiment, 1i.e., where the
stationary electrode portion 5 including the transparent
conductive film is directly formed on the lower optical

20 phase difference film 6, the following characteristics are
required.

The material of the lower optical phase difference
film 6 1is exemplified by wuniaxial oriented transparent
polymeric films having a thermal deformation temperature of

25 150°C or more, for example, polyarylate, polyethersulfone,



10 printing, offset printing, roll coater, dispenser, or the like. As the
ink used for the circuit formation, ink in which netal mcroparticles
havi ng el ectrical conductivity have been di spersed in a binder nmade of
thernosetting resin is used, and a solvent is added thereto for better 15
printability so that the viscosity is adjusted. As the nefsajur{gi%;dogparti cles
used for the conductive ink, silver, nickel, copper, gold, or the like is
used. Hi gh tenperature drying process is perfornmed for the curing of the
bi nder and the renoval of solvents. The drying process is done at a 20
tenperature of not |ess than 100C and | ess than I50C for 30 - 60 m nutes.
Drying conditions_are adjusted according to the ink used. Needl ess {0 say,
a film mat BPHYFUWAGRR: pHEPWNTE eR@ECof ri?hn%ve‘?]éngt?ﬁz i s}l%(?t' chand®ed by
the heat treatment during the circuit fornation is previously_25 se|ected.
59 15 Juner9889nvwheh t KBLE r dfi t FGthatiidR i st??fonetkg?lrr%\a]rml ?%E‘P’é‘“fﬁ%?‘ér n
(i.e., a pattern of providing several touch panels) with respect to one
film mat er FaMPsRaBRret heRs| &4Pg8 duthtG:t it ¢PREYi PSEBFmEd FHaTHEe cHh be
fabricated, 5 effici entI%/. In the cutting of the rolled filmand in the
circuit forgaerdatiemerati svhsheb®l oPOoEbHFUer?hg thR dtFEetdonchySEde
optical axis of the upper optical phase difference film4. As the reason of
this, Swher daspiag 26 Fhguitduehyseaeldidygl &p Sha difals wwra et dwring
variety including TN and STN systens, the angle fornmed by linearly
pol ari zed kthght falhiehtient wEt edhandtoigputRarefr ons? hethdfui Bher ystval
di splay, and displ ay-screen side |lines vary depending on the |iquid crystal
di spl ay syseéhecpson neffecet 15cofldourde, lenEehptheal okd snet taeOWPper
optical phase difference film4 positioned so as to forma specified angle
to this |iAsathgrpoeaspreds| tgat Jaohti meaes saryl € orted il tUP theXsl e
i ne of the upper optical phase difference film 4 depending on the display
of liquid ceypdtalnet HomeostpuRbedhdddcanesr ISE psrbrrdedipnglshangiest edand
outputted fromthe liquid crystal display 2 and the side line of the
di spl@y scléghtdoesnacesaecgssipk| yrp&éoae 45, ithenhirdixeddse would Dbe
notw t hstandi ng the optical axis of the upper optical phase difference film
4 is al so notppatadl} ebot bhahea scderéthelmtg@scolkd upperbapiowedd phabee
difference film4, the optical-axis 15 June 2002 60 direction and the
drawi ng di réotknanbfonbe heklked ngiarerdpt teabeprurcutidd epanddef i 1ower ar e
parallel to each other. Accordingly, in order that the optical axis of the
upper opti oapkiphasepltisd edéfierehbm 4£ikmt e snatwhigth b&neg Stibtenawl as a
menber of the touch panel 1 is given a specified angle to the side line of
the upper epectabdphasetdiohf ér ensediictentdy tiexrfesl | DA eks pEocddsedherte
taken. One process is to give an angle to the cutting for circuit
f or ma6i on. tEertwrafpld,) i £ot he3lopeiscatentdanast fhe Lﬁg’piaruﬂ?@eépt%éﬁlc%ﬂhase
difference film4 of the transparent touch panel 1 should be angled 30 with
respect tophheesidié fleirracef fiiden upper Pesoi-cdingphasbedid epénddref i 1ok t he
filmmterial is cut into a rectangular shape of a specified size, also
during theoptiitehg dlarseci deGferéncentfiidm ¢ npedlerablg nummer thzerndke side
line of the filmmaterial sheet after

deformation temperature of 170°C or more in terms of

sufficiently crystallizing the transparent conductive film,

20 as in the case of the upper optical phase difference film 4.
Next, in the case where the transparent conductive

film is not provided on the lower optical phase difference

film 6 as in the second and third embodiments, that is,
where the stationary electrode portion 5 including the

25 transparent conductive film is formed on the glass substrate



cutting will be angled 30 to the side line of the rolled filmmateri al
sheet, and thereafter the circuit pattern is printed. Another nethod is to
give an angle to the pattern | ayout. For exanple, in the case where
circuits are formed 20 by printing, giving an angle of 30 on the whole to
the pattern layout of the circuit formation plate makes ifg %P@be to cut
the rolled filmmaterial vertically to its draw ng directldﬁﬂ%o course, in
the latter case, because the filmmateriaP sheet and the pattern |ayout are
angled to 25 each other, the cutting needed to be done with an angle 15
June 2002 61 given after the circuit formation in obtaining one film
material sheet which is in the state of being set to the transparent touch
panel 1 asldederiiped drdtiedl FRQEFRRY @iﬁri’-ﬁgqﬁ}ﬁs TEFA t TP ARREBR, PE i s
al so 5 necessary to keep the transparent conductive filmand the |eads or
the |ike fwbearanntbessstattomagt gleetrodmnarassary ovedhgpspingor fakl y,
before the circuit formation, the transparent conductive filmis

prepar at or tkgnpréatrenhedcomiechiepectfired oonfigmest i oo The partécailby 10
process nmay be print resist process, or photolithography process, or
directly pasberoppei fitilnglaf ashen rigdmspbirerd eohdderenve, fthen foSlawingary
El ectrode Portion 5 of Touch Panel 1) As to the formation of the stationary
el ect bode tBapectevhsbicsiaceai reffloinedion is carried out by the generally
sanme processes as in the novable el ectrode portion 3. In the case where the
optically isotropic fThenmi2eoiaflhefgkhss loubst patécal hhasagdbptecahce
isotropy is |located between the | ower optical phase difference film®6 and
the statiofiaiy 6 on which the transparent conductive film is not

provided 1is exemplified by uniaxial oriented transparent

polymeric films having a thermal deformation temperature of

10 130°C. or more, for example, polycarbonate, polyarylate,

pol?ethersulfone, norbornene base resins, polysulfone, or

the like. In this case, the heat treatment (1) to (3) as

discussed in association with the fabrication of the upper

optical phase difference film 4 are not involved, the lower

15 optical phase difference film 6 does not need to have a

thermal deformation temperature of 150°C or more. However,

it is still necessary for the lower optical phase difference

film 6 to have a thermal deformation temperature of 130°C or

more. This 1is because a thermal deformation temperature of

20 less than 130°C might cause the retardation value to change
with time.

Meanwhile, as the optically isotropic film 12 that

forms the stationary electrode portion S, un-drawn

polymeric films having a thermal deformation temperature of

25 150°C or more, for example, polyarylate, polyethersulfone,



20 el ectrode portion 5, the optically isotropic film12 or the gl ass
_substrate 11 having optical isotropy, which is the target on which the
stationary el ectrode portion 5 is to be directly forned, has no opti cal
axis, so that these nmenbers do not need to be angled for the cutting and
~circuit 25 formation processes. In the case where the stajsgnayo2 15 June
2002 62 electrode portion 5 is directly forned or. the | ower optical phase
difference film®6, the case is utterly t4fe same as in the case where the
novabl e el ectrode portion 3 is provided on the upper optical phase
difference film4. As the ink 5 material, ink simlar to the ink for the
novabl e el ectrode portion 3 can be used. H gh tenperature drying process is
per f or med BokyskbieRRi ngneFbeFRERE ndBRSANdTERE FennPEl &0l MerR s.25%he
drying process is done at a tenperature of not |ess than 100C and | ess than
150C for 3orefeaideutes A9 (fort heheaseeadete She SRE%i ortRSE B BctTRIe
portion 5 is provided directly on the | ower optical phase difference film
6, needl esspticahyy asotipppicoptildallphirdesfif hesende gHasn whbSee panee
difference of 1/4 wavel ength is not changed by the heat treatnent during
t he circuitaloemaandn ne 15rpbéemoudiny d$dlisct etBsPredtnsultdis orrRssiakdice of
Touch Panel 1) After the circuit formation, and before the novabl e-side
sheet5 (uppesooptpial Phise IR f fier esedifictedd) toonthAi chespeckbvablheat
el ectrode portion 3 has been directly 20 formed, and the stationary-side
sheet (opttcehtyensotitbpte f(B) mes2 degicasbesulist rdte fab @A tdgromtt ddie
i sotropy, or |lower optical phase difference film®6), on which the
st at i onar yuebecrt opdecpbrphase 5dhfife berre df ¥ bet 4 yaridrippeirefore duasdndd
together to nmake up the transparent touch panel 1, 25 an insulating |ayer
i s formed bhavatsheass thétmal odefofmahion GSNHSrAtuee 2002 il e it r ode
portion side and the stationary el ectrode portion side, in order to avoid
i nsul ati ona§ai theesogdiechdlgontiaot-robia | €admand 2an adrecteroliyshetthesse t he
upper and | ower nenbers, and to prevent netal oxidation of circuits. 5
Process foprboessag.the insulating | ayer may be done by print resist
process, screen printing, offset printing, roll coater, dispenser, or the
li ke, as in the circast Hesmmtibed. kabeeial imsedhtcherfdfrmst | sarad _ tihvisad ati ve
thernosetting resin or the like. 10 Also, in order to ensure the insulation
bet ween t hemboabspatent wonducthee Gsé mof thee nolabte ebreticade gPortd on 3
and the transparent conductive filmof the stationary el ectrode portion 5
in the tougbrpanehcd, fand teo anibtlee sopotbet 1YNLEBErspitcHfiidg df2,cditricti on
at operations 15 of pressing or releasing the top surface of the touch
panel 1 bytpealortHidigeissorofheHd keraaspaténpl itouch abarsphcér soddpregse
formed between the transparent conductive filmof the novabl e el ectrode
porti®sn 3 andnhbe, t rmamispey entt condedbilee ol mmividdee <t athonaey, elrexte ode
portion 5. The surface on

lightweight touch-input type liquid crystal display device,

as compared with the case where the glass substrate 11
having optical isotropy is used in the second embodiment.
For example, in the case of the second embodiment where the
20 stationary electrode portion 5 1is formed on the glass
substrate 11 having optical isotropy, in the case of the
first embodiment where the lower optical phase difference
film 6 is used or the third embodiment where the optically
isotropic film 12 is used, the glass substrate 11 having

25 optical isotropy can be made 0.7 mm thick, while the lower



20 which the spacers 10 are fornmed is given by an el ectrode surface of the
.transparent conductive filmon at |east either one of the stationary
el ectrode potion side and the novabl e el ectrode portion side. Process fcr
form ng the spacers 10 may be screen printing, offset printing, 25
. di spenser process, or the like, by which the spacers 10 of5 4 qg%obgne 2002
64 any arbitrary configuration are forneg directly. Al so uséb e are
phot ol i t hography process, print resist p %cess, or the like, by which an
overall-formed coating is patterned into the configuration of spacers. The
spacers, although 5 not limted in configuration particularly, are
desirably of the_ sape configuration and agra ed at fixed .intervals so as to
el i mi nat e ARGIFRpuPLEPSaliEF SFERC ons Fhd® t 8%e FRIM GO | hPRtCPAhen
the spacers are forned in a dot-|i shape, ., t he spacers are desirably made
il T G it 82 SR 0P | BAARN Chil Gttt A MK BN & Ca AR AL
pattern in _which spacers havin% a diameter of 30 - 100 dun and a height of
1 - 15 dunfoFtRha SpatéPrprcRi6F-0%e- °fo thd fEHITStuFPIhire e @Y rfgi%oi nt s
of a plurality of lines crossing one another longitudinally and |laterally
can be obt Brhed bei@“ﬁ%@’étFﬁgagﬁétpSPFeFﬁnf:B @S- Wacki % riddte@f tdroone
side line of the touch panel 1. (Cutting of One El ectrode Sheet) The
novab? e- si BeCen@eMPRFRBEGPt | cHR2BHRS&Cdi ffiditenERef Ush 49T Shewd @ he
movabl e el ectrode portion 20 3 has been directly formed, and the
st at i onar ysebglerabeetly optaeldld y apddiGadpi dSPLEAPY2, 2§l as8 subst reaeeneL
having optical isotropy, or |ower optical phase di Tference film6), on
whi ch the eredbneny, chPeessbie porPLoATE BAgd Beaabdiliést IOf fidverddingft h
circuits forned or. these sheets, are 25 further cut into specified size,
in the caserofparhebeceess Pore Z0GP LAl t PPl cPaRaEeth. Wikht heheasd ngier e
the stationary-side sheet is a film the sheet is cut by Thonpson dies,
di es, cuttémpoglmenieror okhe hehizkeemgrinmpntcase of the gl ass substrate 11
havi ng optical isotropy, the sheet is cut by 5 scriber, breaking nmachine,
or the Iike. Particubasdy wisers tihedif heat kebsefatdel Ifikak jmeat,
isotropy is cut, the cutting edge is desirably put in froma surface
opposi te tbftheesshdacsiabitifmn badadseabid iyn@ustivge ehitl mos fiosee dfs

the glass substrate 11 having optical isotropy are preferred
to the thinness in the first embodiment, the transparent
resin plate 16 having optical isotropy may appropriately be

15 disposed between the transparent touch panel 1 and the
liquid crystal display 2 (see Fig. 9).

Also, as a modification of the third embodiment,
if pressing stability and durability equivalent to those of
the glass substrate 11 having optical isotropy are preferred

20 to the thinness in the third embodiment as well, the
transparent resin plate 16 having optical isotropy may
appropriately be disposed between the optically isotropic
film 12 and the lower optical phase differerce film 6 (see
Fig. 10).

25 As the material of the transparent resin plate 186



too hard to let the edge in. By so doing, the glass cross 10 section is cut
.finely, by which strength degradation can be prevented. (Lam nation of
Upper and Lower rlovabl e-Side Sheet and Stationary-Si de Sheet) The

nmovabl e-si de sheet (upper optical phase 15 difference film®6), on which the
- novabl e el ectrode portion 3 has been directly formed, andigige 2002
stationary-side sheet (optically isotropjge film12, glass substrate 11
havi ng optical isotropy, or |ower optical phase difference film®6), on

whi ch the stationary el ectrode portion 5 has been 20 directly formed, are
bonded together by adhesive material or double-sided tape 19, by which a

space layer 7.is forned .between the el ectrod e e.circuits
are for nedF’PﬁngnLﬂHtilpﬁael péf?gFﬁ?yprlerba(rEtélteorfgf?lr%@?{}rlpﬁaﬁgﬁe %g(}’ﬁgeescl?/le\;e

mat eri al or dqubl e-si ded tage.lQ before.cutting %? tge ugger %QQ Iomgg
movabl e anBOSEAEFENAPTSsi dECSHBSt sSUPEEIGhnet 3002 B 2T T s t HE“FF octss
time to be reduced, efficiently. The adhesive material or double-sided tape
19 is forn@@lﬁﬁaFﬁénﬁéﬁiﬁﬁﬁFﬁn%f FHeY W5V ab? 31RF e F r B8e YSSHEEHT F TS
stationary el ectrode portiaon 5 and appljed so_that the two . el egtrod
portions 32rs #S&€%ppoded GQF%%&%S%tﬁgr%g ngrﬁﬁéﬁaﬁﬁggsfﬁﬁﬁéﬂ i°HT gf?ernal
pressure applied. The adhesive materjal in place of the q$ugle-shded t ape
19 i s5f or MB@VHBPIs GRIHF I | AEPREOBY thHey | iTRE, SRAPHE’ dolbl eTsi ded e to
be used is previously punched out into 8 %rane s@gge 10 These, are f.orned
out si de t hBi8r sheEPiGENRESi dfSSt HHRM t P ansPdirent ™ oGEAPSRAEFRE. BR7HT t he
adhesi ve material or doubl e-sided tape extends to within tq$ %gafpect've
regi on, imB&eseat 1énd oSG o RTINS GoudH patets Petbne R t 36 vi ew
due to seeping. Available adhesives are acrylic, 15 epoxy-base,

ur et hane- bagsakdhésyvesd therefespolrowed soe grr e 19 k&e & §E&SHifivertfabl e
doubl e-sided tape is, for exanple, Ntto Denko Kabushi ki Kaisha's 532 or
the like. ©Ethafectfornatienser@ag| Fot SRRAATSSOr tRBATE conrfeki®r ) Wa8hf v 20
detecting a contact position (i.e. input position) between the upper and

| owet Oel ecthogkngspt PERE 3, 05T8F tHhe tHEATSPATeRt tteFdR Faidie L9 PG ded.
The method therefor may be a nmethod that el ectrodes are routed fromthe two
el ectrode pPeérhesiises, than,gipest i YBPIACH SRR FT A P58 A L8TER ar e

routed fromeither one of the two electrode 15 June 2002
Furthermore, a mnmultiplicity of spacers 10 are

formed between the movable electrode portion 3 and the
stationary electrode portion S which are opposed to each

15 other. Thus, input is effected by pressing from on the
upper optical phase difference film 4 with a finger or pen
and thereby causing the movable electrode portion 3 to come
into contact with the stationary electrode portion S5 in
regions where the spacers 10 are absent.

20 In addition, the spacers 10 in the figures are
exaggeratedly depicted for an easier understanding, whereas
the spacers 10 are actually difficult to discern by the eyes.
As an actual example, the height of each spacer 10 is 1 - 15
pum, the outer diameter of the cylinder, which is each spacer

25 10, is 30 - 100 um, and the spacers 10 are arrayed at



67 portions 3, 5, or the like. Electrode-routed portions are preparatorily
provided in the transparent touch panel 1, and pressed agai nst and adhered
to the connector 40 via an ani setropi c conductive adhesive at a tenperature
of not 5 less than 120C and | ess than 170C. This is the process for
.fabricating the transparent touch panel 1. Next, a proces%fﬁrﬁ]e&?ﬁi cating
the touch-input type liquid crystal display device by conblﬁ g toget her
the touch panel 1 and the liquid crystal4%0 di splay 2 is described.
(Bondi ng of Upper Pol arizes 8) The upper polarizes 8 is bonded to the top
surface of the upper optical phase difference film4 of the touch panel 1
fabricated as descri bed ahgve. In_the case where a 15 transparent filmis
further proV@yeds Che 2uppdpEPalrzBEtESePNE - dpP8r "péPafPzes 8 and the
transparent filmnmay be bonded separately_ fromeach other, to the upper
optical phase differ &HE SH3 nthe oPRPeyPPOBERZFEANE 115 SFSBOPRAVPBUSE
provi ded | am nation of the upper polarizes 8 and 20 the transparent film
may be cut UAREF SWFece iadd His dIRRRE bOPHEtR bnPbathedibhierepaRefiim these
films are bonded overall via a transparent adhesive material. The upper
pol ari zes &hendPales izsdisParatits {ef mE-)haI HRe8gh RedE Paat il &8 1 geki milttdd i n
size, are nornually bonded so as to 25 be equal in size to the touch panel
outlirfe or a@bdmcldngtion of18bguie 45002168 wasPeREr tohahet botdicdés aafist he
touch panel outline. This is because sizing outer than the touch panel
out | i ne wofd tdeuswnere aRfgeta lpdibase bl Fananasmel tmnépar Bhe Rhbiet othe
nore likely to peel wth external force applied. However, 5 the size is not
linted toadeus 4§%eist Hatgmsed pet aFPRErRT8 ilsinsorded, pptessued déghssi ng
process is perfornmed at 40 - 80C arLd 4 - 9 kg/cnz for 10 - 12 minutes.
Because t hdnfspeciporderzer B0 lahkredondcdton Gthe dev@did lganekcircuhealy
cause air bubbles to be 10 m xed between the upper op~ical phase difference
filma4 and plernippdr pdakatizewh8rer the tidnwpacent ofil omp the akdVe is
pressure degassing process is intended to renove those air bubbles. By
per f drOmi ng pefrivs tprdces 71 tai rsunibdresazrangindnisedtivhi teot hempdhestonof
property between the filnms can 15 also be inproved. (Bonding of Lower
Opti cal Phasd abiifzkdr éngd tFidarp@ncti cWliach tSt atddnapth & eoecode Pgralomnns is
not Directly Formed) In the case where the optically isotropic film12 or
the gl ass swipdtitade 1Uo hadahg ophetal dxsothepy theusdhex¥las phéarized
stationary-side sheet on which the stationary electrode portion 5 is
directly fdrimbd, tHeeirgnerraptécal thhagghdi ther entwed | neBticali spbsed
bet ween these stationary-side sheet and |iquid crystal display 2. The | ower
opti cal phaség fdirkhererdddnf i4d m$6 foynatbsintbl giresdlayvey apblbohded ongbtt he
menbers (glass surface of the

15 or generally circularly polarized light.

Here 1s described the reason that the polarization
axis of the upper polarizer 8 is permitted to be 45° with an
allowance of #3° with respect to the optical axis of the
upper optical phase difference film 4.

20 Unless the ©polarization axis of the upper
polarizer 8 is set so as to accurately form an angle of 45°
with respect to the optical axis of the upper optical phase
difference film 4, linearly polarized light that has been
incident on the upper optical phase difference film 4 is not

25 changed into circularly polarized 1light but formed into



15 June 2002 69 liquid crystal display portion, or polarizes or other
_optical phase difference filns |ocated on the liquid crystal display
portion) on the liquid crystal display 2 side via an adhesive nmaterial. The
| ower optical phase 5 difference film®6 may be preparatorily bonded to the
. polarizes or other optical phase difference fiIn1provided1§nh¢J¥?dbiquid
crystal display portion, and then bonded4%p the liquid crys%a I splay
portion, or may be bonded separately from'each other to the liquid crystal
di splay portion. 10 After the bonding, desirably, a pressure degassing
process is perfornmed. The pressure degassing process is done at 40 - 80C
and 4 - 9 kg/cnz for. .10 - 120 m hytes.. By performng this process, air
bubbl es ar i FRUSEF WwhPod 3Hé S ;Lﬁﬂ n property between the films can al so
be i mproved. 15 (Bonding of_Statigpary-Si de Sheet tﬂ Li%uid iiéﬁtal Di spl ay

Side) The stationary-StoesHedt’ ofthi Sht T e st At POHany %8 b &t on 5

is directly formed is bonded to a nenber. on the liquid crystal display side
by a doubl &5 dB8eD0 Hefpe s t R¥ 15 eGtoget hBFSWREh 39 BREPUER s 56Sed on
the stationary-side sheet on which the statioppary electrode portion 5 is
directly fOHmRYE Iheletht PHAGRY-Sh e 8T ﬁﬁg‘“bé'bmjébg dPHEREFGe8NnES t he
menber_on the liquid crystal display side (in some cases, the | ower optica
25 phase dilflrr@raerﬂlé'e malakigeds Ligd o frerddte Uapst Sirdegeedt the ymrer2002
70 before), or may be bonded to a casing which is provided between the
st at i onar y-@itdeashebhaghd ¢hefpeddets on'® hé /| i Yot decriRe aleldilshigp divde.
G herw se, the stationar%side sheet may be bonded overall via a transparent
adhesi ve 5 Reasiized alighhspdratnt hes- peeen s Hedtirngskt PVt otRhL ¢ FHptAD t e
liquid crystal display devices and nethods for fabricating the touch-input
type |iqui Puiysitad disp hiriclsally Rebr et 7R t b1¥dbr EROF8 SPxtlinearly
enbodi nents of the present invention are descri bed.
polarized light from the upper surface of the upper optical
10 phase difference film 4. Complete linearly polarized light
then perpendicularly crosses the transmission axis (like a
slit) of the upper polarizer 8, not being outputted from the
upper surface of the upper polarizer 8, so that reflected
light can be suppressed. Incomplete linearly polarized
15 light, on the other hand, can block the component
perpendicular to the transmission axis of the upper
polarizer 8 from being outputted, but allows the component
coincident with the transmission axis of the upper polarizer
8 to be outputted from the upper surface of the upper
20 polarizer 8. That i1s, excess reflection remains.
Even 1if the polarization axis of the upper

polarizer 8 is not accurately at the angle of 45° with

respect to the optical axis of the upper optical phase

difference film 4, but only if the difference is within +3°,

25 then the result is almost the same as with the circularly



10 The fourth enbodi nent has been achieved for the foll ow ng purposes. That
is, inthe liquid crystal display devices according to the first to third
enbodi ments, there have been sonme cases where the foll ow ng di sadvant ages
are 15 involved. First, when the surface of the upper polarizes 8 is poor
.in durability, it can occur that the surface of the upper1%¥Mﬁyéd@§s 8 is
damaged by pen input or the |ike so as tg |l ack in practicabiTity. 20 Wen
moi sture is absorbed from the surface of “Phe upper polarizes 8, the upper
pol ari zes 8 becones nore prone to contraction and expansion or distortion,
so that the upper optical phase difference film4 bonded to the upper
polarizes 8 is resultantly changed ggrtl in.retardation. 25 value, in
whi ch casePPregddesr 1¢6P6r  ibEconds ﬁSFQgéaEPéCH arlyspedae15662 180 ewed
fromthe observer side and besides the antireflectjon function m ght be

i npai red. ABEotdiendlafladrehobjicits VHERHE FDUF T t 61 RPReEnBBAL AEAt 8 Tof
the present invention are to provide a 5 transparent touch panel 1 which is
superior i GReUrdRRSE dOPABKFEEEY &nhd (BPRVEMIER S otf nmbinst Uk eTdt oEptsEali nt o
the upper polarizes 8, as well as a touch-input type liquid crystal display
devi ce usi AgsPhiey devéRepaman, bpynselorhgdt RenabbVe di sadvantages. 10 Now
the fourth to sixth enbodi nents of the present invention are described in
detai P with referencdexd t hehacagfparding &ir &engsprer polarizer 8 is

generally a flexible, 200 upm thick polarizer which is
obtained by impregnating polyvinyl alcohol with a dichroic
pigment such as iodine or dye, and drawing it, and then
covering the front and rear surfaces with a cellulose base
10 protector film such as triacetylcellulose. Such an upper
polérizer 8 is exemplified by "HEGl425DU mace by Nitto Denko
Kabushiki Kaisha".
Also, a low-reflection processed layer may be
formed on the upper surface of the upper polarizer 8 by
15 applying a low reflection process thereto. The low
reflection process may be done by applying a low-reflection
material using a low-refractive-index resin such as
fluororesin or silicon resin, or forming a metallic
multilayer film or laminating a low-reflection film. It is
20 noted here that out of the total reflection of a touch-input
type liquid crystal display device, reflection by the touch
panel surface accounts for about 4%, and that the process
for suppressing this reflection to less than 1% 1is called
the low reflection process.

25 In order to protect the Upper polarizer 8 and the



Fig. 11 is a sectional view show ng a touch-ﬂnput type liquid crystal
~display device (transm ssion type TN) 15 according to the fourth
enbodi ment. Fig. 12 is a sectional view showi ng a touch-input type |iquid
crystal display device (transm ssion type STN) according to the fifth
.enbodinment. Fig. 13 is a sectional view showi ng a touch-iﬁﬁﬂhe%gogype
liquid crystal display device (reflectiothype STN) according to the sixth
enbodi ment. Fig. 14 is an explanatory view of the transm ssion axis
direction and the optical axis direction in the touchinput type liquid
crystal display device (TN) according to 25 the foregoi ng enbodi mnents of
the present inventian. 72 15 JUQE 2002 Fiq. 15 iﬁ a secti onal vieW%
showi ng a HBRER- iMmFdCaly RhasufdfErFenar ditdpl &y tEOPc¥eAFraAsAYSsi Th type
TN) according to a nodification of the fourth enbodinent. Fig. 16 is a
sectional PFe#SshB¥i n§+BIEBuchti nBEE/ 5 préaF?qu?ﬁa%ryEf%fe g%%laﬁa%%Qice
(reflection type STN) according to a npdification of the sixth epbodi nent.
In the fi gGPBBIiF&Ngr BRE¥LAGNMEFALN22S HEhDPRSTSS R andpar ¥ntd i F#§ 13 HYenot es
a lowreflection process, 24 denotes an antifouling process, and 25 denotes
a hard coathe0lpkscBa¥. ahsothe BaReshaeereal t}f%rulﬁﬁ@gcﬁq]frflozrerﬁ g t he
stationary electrode portion 5 thereon, the |ower optical phase difference
film6 (the fourth eBbodrrengingeshri §ransparentt heugh aBanatbstand &9
having optical isotropy (the 15 fifth enbodi ment, see Fig. 12), or the
optical |y bpperoma Fiizari28 (time Sishk h aerfif FEMEieed Fi ghory) 320{Red.
These base materials are al so processed at high tenperatures during the
formati on okflketetaliohar fuel &&t ridee bttt olnsldans theei $EkRiINF orGaRt i on,
as in the case of the upper 20 optical phase difference film4. A'so, if
pressi ng sbebsbperyesadddipabhei £91eoui Vel BHRN2%H- t hose of zhe gl ass
substrate 11 having optical isotropy are preferred to the thinness in the
fourth enbodi ment, altcidepsr eAtghési Arplat N6 PRAFERAYCHPt PEAE BRIV r opy

may appropriately be di sposed between the . . _
10 through the upper polarizer 8, becoming linearly polarized

light. When this linearly polarized light passes through
the upper optical phase difference film 4 that gives a 1/4
wavelength phase delay to the center-wavelength incident
light whose optical axis is inclined by about 45° to the
15 polarization axis of the upper polarizer 8, the linearly
polarized 1light is divided into two polarized components
perpendicular to each other and equal in amplitude to each
other, one polarized component being given a 1/4 wavelength
phase delay. As a result, the linearly polarized light is
20 changed into c¢ircularly polarized light or generally
circularly polarized light. Then, the circularly polarized
light or generally circularly polarized light reflected by
an interface between the space layer 7 and the stationary
electrode portion 5, which is the largest refractive index

25 portion of the interface, passes again through the upper



73 15 June 2002 transparent touch panel 1 and the liquid crystal display 2
(see Fig. 15). If pressing stability and durability equivalent to those of
the gl ass substrate 11 having optical isotropy are preferred to the
thinness in the sixth 5 enbodi ment, the transparent resin plate 16 having
. optical isotropy may appropriately be di sposed between thfsfm{eiﬁ)@'ﬂ y
isotropic film12 and the |l ower optical phase difference film®6 (see Fig.
16). As the material of the transparent ¥ésin plate 16 havi ng opti cal
i sotropy, resins superior in 10 transparency such as pol ycarbonate resins,
acrylic resins, or polystyrene resins are used. The thickness of the
transparent resin plate 16 is 0.3 - 5.0 mfmm Wth a thickness less than 0.3
mm the trepsparénphassi if farene woilm det erTe aléghh Preessiongpatsdd ity
and durability and 15 therefore nore prone to yield recesses or other
def or mat i oblsrdught bhe eppperdophpots. pid o, dif fdrencdi tkliess ioverh&mdedm
the transparent resin plate 16 woul d be heavier than glass, inpracticable
as port abl éremui piveclafhe tparspaeent lfiighth 20ri sggupealby ieixularly
transparency less in noisture perneability and excellent in dinmensional
stability polaeinsdofliighs funtoi dnisieads t heohatéredl Ffigrhtt,hewheaaspdarent
film22, polyethylene terephthal ate, polybutyl ene terephthal ate,
pol yskyrenkinpatyet hpolketioad, pobiol ekhaageor ©RE |itke itheusedinebhd 25
thickness of the transparent film22 is not nore than 100 74 15 June 2002
~.m and isobsaefesdblid B EuhatAllsas dilrew redésed i ahrouotessied |luperr 23
may be provided by performng a |low reflection process on the upper surface
of the trapsparenérfis, m22shbnimat éd dnirndeely uppksrsied ateght theanlpper
pol arizer 8. The low reflection process for formng the lowreflection
processed trayeic2B taythe deneshysapphyirrdsacfowhreefipeetd qolratierdrals, usi ng
a lowrefractive index resin such as fluororesin or silicon resin; or
form ng a get ahaitc Myttt | ayerldriden byasvaportairioamhl0 orhtibe ldd@Ledifed
lam nating a low reflection film or processing the surface into a satin
finish stateghy sangldsséssgd. enbossi ng, mat coating, etching, or the |ike.
It is also possible to perform conbinati ons anong these | ow refl ection
processes. 15 Al so, @Reafbirfipuligegeprnacessaachaygen v24aray ibedpraynded b'y
perform ng an antifouling process on the upper surface of the transparent
film22 | ankpatedrefiethedupperisutfaae sfattdhevarppeelpstatiozeyirularly

polarized light. When the optical axis of the upper optical
phase difference film 4 is angled 45° to the polarization

15 axis of the upper polarizer 8, circularly polarized 1light
results, and otherwise, elliptically polarized light results.
Since the upper polarizer 8 and the upper optical phase
difference film 4 are disposed with an allowance of #3° with
respect to the angle 1in the present embodiments of the

20 present invention, the terms, "generally circularly
polarized light", in the citation, "elliptically polarized
light or generally circularly polarized light" is
elliptically polarized light within the allowance range of
+3°.

25 In addition, the optical axis of the upper optical



Al so, a zard coat processed | ayer 25 may be 20 provided by perform ng a
_hard coat process in order to protect the transparent film22 | am nated on
t he upper surface of the upper polarizer 8 fromwearing due to presses hy
finger or pen or the |ike. For exanple, the hard coat processed |ayer 25
-using acrylic resin, silicon resin, UV 25 curing resin, okgthe bpdee 1

f or med. 15 June 2002 75 Further, the lowreflection processed [ayer 23,
the antifouling processed | ayer 24, and fBe hard coat processed |ayer 25
may al so be formed in conbinations of several neans as shown above. 5 By
arranging the touch panel 1 and the upper polarizer 8 in the above
constitution, reflected light due to the light incident fromexternal can
be suppres$ddsien dife efrsinicew fig mrehnes . anne@ixdentrdraghtelt e blag HBeewing
transmtted through 10 the transparent film 22 fromthe observer side
passes t hr algreatienupper thel dilnemagediedond hgthenewder paparczkdphaght .
The rest of functions and effects are the sane as in the foregoing

enbodi nent slifEreencecliilnpdi whpehl iguudedrysthe displeytdbiaevi ces
according to the above enbodi nents of the present invention have the above
constitutions and fumldtsiogns;heandot dnszatdocextihe (foal | dvdaxptefdrechgisThat
is, by setting the polarization axis of the upper polarizer 8 and the
optica@l axicE ahea hppeppeo leptiizeal 20 prasexdid fpaenrb¥iton dhsodthaing he
two axes Torn an angle of 45, incident light enters into the space |ayer ?
of the direction of the film material. Light passing through the

upper polarizer 8 is polarized so as to be outputted from
the upper polarizer 8 as linearly polarized light only in
the direction perpendicular to the absorption axis.

10 It is noted that an axis perpendicular to the
absorption axis is referred to as a transmission axis. In
order for linearly polarized light to be transmitted by this
upper polarizer 8, the transmission axis and the direction
of the light must be coincident with each other. Linearly

15 polarized light out of coincidence in directions cannot be
transmitted by the upper polarizer 8.

Linearly polarized light emitted from the liquid
crystal display 2 is originally light from the backlight,
which 1is changed 1into 1linearly polarized 1light by a

20 polarizer (lower polarizer in this case) as stated above,
then by passing through the liquid crystal display 2,
outputted so as to be coincident with the transmission axis
of the upper polarizer 8 with a voltage below a threshold
voltage or outputted so as not to be coincident with the

25 transmission axis of the upper polarizer 8 with a voltage



transparent touch panel 1 as circularly polarjzed |ight or generally
circularly polarized Iight, and reflected circularly polarized Iight or
generally circularly polarized 25 |ight passes again through the upper
optical phase 76 15 June 2002 difference film4, resulting in linearly
-polarized light vertical to the transm ssion axis of the y@g@ﬁ$§qazarizer 8,
so that reflected light can be suppressed. Al so, by setting the Iouver
optical phase 5 difference film®6 bet weel? % he touch panel 1 and the liquid
crystal display 2 in such a manner that the optical axis of the |ower
optical phase difference film®6 forns an angle of about 90 to the optical
axi s of the upper optical phase difference film4 and noreover fornms an
angl e of alsRala%01 PR Gagvisedisy Hd1estioAddd YAlFRIT hdO s K@ Use dit it ed
fromthe device surface out of the |inearly polarized |ight emtted from
the |iquidc<eopstaf BhgpraymaddioMhg of dt BlRLYY sPras - scr Benadds tipawed nf r om
t he observer side, can be suppressed, by which a display screen which is
hi gh in 15 t&entaesst odndher @@ rmedhyc SllGidn G et e “@tﬁ*{%ai Feqvergetlver thien t he
touch-input type liquid crystal display device, by applying a | ower
reflectionlpdddess s o QHEUWHRS noi? sa¥ f aBe oPet heodagidentr ewiisbt i Gheof
| i ght at the uppernobst surface is suppressed. 20 As a result of these
i npr ovenenttganshd sisilgni sy sl téies pIRBRT ehalppédeni Bh e t aveopaegnt
touch panels according to the enbodinmer_ts of the present invention can
of fer a di opleay Hrg ebhrabihehd| vod trekl el i uEP RO Weoh afsl unriestenbel anps
or the like or in outdoor places, high in 25 contrast and very good at
vi si bi | itycointsdemiew2@h2 the Thensbdves lembadilsentts the uppepr podatrizer
invention, by virtue of their constitutions and functions as descri bed
above, canS8pmdvrihde aotlsagh- eapetl typer| bgupd thesthredhsptiayotesgee which
is high in contrast and high in visibility by

Like the polarization axis of the upper polarizer

10 8, the polarization axis (or absorption axis) of the lower
polarizer 9 is an axis parallel to the drawing direction of
the film material. Light passing through the lower
polarizer 9 1s polarized so as to be outputted from the
lower polarizer 9 as linearly polarized light only in the

15 direction perpendicular to the absorption axis.

Also, 1in order to squress coloring of the
display screen of the 1liquid crystal display device as
viewed from the observer side, a lower optical phase
difference film 6 that gives a 1/4 wavelength phase delay

20 to the center-wavelength incident light is disposed between
the upper optical phase difference film 4 and the liquid
crystal display 2 of the transparent touch panel 1. More
preferably, when the lower optical phase difference film 6
is laminated on the entire upper surface of the liquid

25 crystal display 2 by the medium of a transparent adhesive or



5 virtue of its capability of suppressing ref|lected |ight of fluorescent
_1Tanps or the like indoors and reflected |ight due to external |ight

out doors by neans of the upper polarizer 8 and the individual |ayers behind
t he upper polarizer 8. Further, the follow ng advantages are offered 10 by
virtue of the transparent film 22 | am nated on the upper gujhadeoef the
upper polarizer 8. That is, by the lam nation of the transparent film 22
onto the upper surface of the upper pol aPPzer 8, the surface durability
beconmes better so that the surface of the 15 upper polarizer 8 can be
prevented from bei ng damaged even with pen input or finger input or the
like. ' Also, by the lam nation of the transparent film 22 onto the upper
surface of thheldgper npal anilyeth®, codbstingeodbsoeptienlavoacrhensgafabe of
t he upper polarizer 8 can be 20 prevented, so that contraction and
expansi on asppwekksas ®iust misonreflebeedppenhpolcan zer Supheessed heore

noi sture absorption can be suppressed. Therefore, variations of the
retardati oar¢akyevelyt he upper optical phase difference film4 | am nated on
t he upper polarizer 8 can be suppressed, 25 irregular colors do not occur,
and noreover the 15nJute 2002sd8 ahei riefdeectamni daincphase | diffgeence

i npai red. Although the present invention has been fully described in
connegt i onfwilinh & hes psef pos etli enbddihent $hehepddicadi tdxirsefef etice tppéhe
acconpanying drawings, it is 5 to be noted that various changes and

nodi ficati ppsiaee ppR3keti fiferikhese &Kinl |edid the @sticBucik thangeshand
nodi fications are to be understood as included within the scope of the
pLese][lt i nygptironomsi ¢t | padsby dherepperdedidhai 66 fortessat heygdepas

t herefrom

about 90°. The angle of about 90° is intended to change the

circularly polarized light or generally circularly polarized

10 light, which results after passing through the lower optical

phase difference film 6, into linearly polarized light with

the wupper optical phase difference film 4, where an
allowance of #3° is permitted.

Further, the lower optical phase difference film 6

15 is so positioned that the optical axis of the lower optical

phase difference film 6 is angled about 45° with respect to

linearly polarized light that should be outputted from the

device surface out of the linearly polarized light emitted

from the liquid crystal display 2. The angle of about 45°

20 is intended to change the linearly polarized 1light into

circularly polarized light or generally circularly polarized

light, where an allowance of #3° is permitted. In addition,

in the case of the lower optical phase difference film 6 in

which the stationary electrode portion 5 is provided on its

25 upper surface, coloring of the display screen can be



79 CLAI M5 15 June 2002 1. A touch-input type Liquid crystal display device
_having a liquid crystal display (2) below a touch panel (1), in which an
upper polarizes (8) is disposed on an upper 5 surface of a transparent
touch panel (1) in which an upper optical phase difference film(4) and a
. lower optical phase difference film (6) are disposed thryquigg@g | ayer (7)
i nter posed therebetween, the upper optiag phase difference iln1%4)
serving to give a phase delay of a 1/4 elength 10 to incident light of a
center wavel ength within a visible region and having a novabl e el ectrode
portion (3) on a |lower surface thereof, and the | ower optical phase
di fference filn1%6) serving to give_ a pﬁase del ay. of. a 1/4 wavelength to
the i nci doREPPFBREEE! 4k CRARAS Tiaba? onGhR=w A I A hePUREF bRL 57 FRGF on
and having a_statiopary el ectrode portgﬁp (5% on an upper surface thereof;
and a | onef1pBl & i 3680 (FPIPS R PosBE S FoARFPREFFacedFM NS utd
crystal disglay (2), wherein an angle forned by an optical axis _of the
upper 20 opPRREAI ifhde e ePENPEOFLAATE4) N PRE Iot larP2asit ofl 1 TARF8NEE t he
upper polarizes (8) is about 45, an angle fornmed by an optical axis of the
| ower opti EalmphadesdicrBer dice inaanle) R T43fshri ool Bk etho bt b hat
is to be outputted froma device surface out of linear polarization emtted
from Bhe 26utpytfader §50ml ErsplIried isizlisin M arfan§he fbinedrby 80
polarized light emitted from the liquid crystal display 2
with a voltage equal to or below the threshold voltage has
such a relationship with the polarization axis of the upper
polarizer 8 as to form an angle of 90°.
10 As the liquid crystal display system to be used
for the liquid crystal display 2, available are
transmission- and reflection-type TN liquid crystal display
systems, transmission- and reflection-type STN display
systems, and the like. In any case of these liquid crystal
15 display systems, the lower optical phase difference film 6
may appropriately be positioned so that the optical axis of
the lower optical phase difference film 6 forms an angle of
about 45° with respect to linearly polarized 1light that
should be outputted from the device surface out of the
20 linearly polarized light emitted from the 1liquid crystal
display 2.
In the cases of the transmission- and reflection-
type STN liquid crystal display systems, as the constitution

of the liquid crystal display 2, an optical-compensation

25 phase difference plate 14 for preventing the colering of the



15 June 2002 the optical axis of the upper opli cal phase difference film
.(4) and the optical axis of the | ower optical phase difference film(6) is
about 90, and wherein an angle forned by the polarization axis of the upper
polarizer (8) 5 and linearly polarized light that is to be outputted from
-the device surface out of linearl~r polarized light em ttgglﬂﬁ{g@dd?e l'iquid
crystal display (2) is 90. 2. A touch-input type liquid crysta I splay
device according to Claim1, wherein the2dtationary el ectrode 10 portion
(5) is fornmed directly on the |lower optical phase difference film(6). 3. A
touch-input type liquid crystal display device according to Caim1,
wherein a glass substrate (11) having optical isotropy is disposed between
the statiodasplag ebereendealpdr tdrreGincaandhehe cholepsopt isal ggptmsslly
difference film(6), and the stationary el ectrode portion (5) is forned
directly oprphédghass sabstcfathe(lijuhdvingsopticallidotimpyddistion to
touch-input type liquid crystal display device according to Caim1,
wher ei n anaoptigoabl gyriysoat opetl f2am 29 $HYn i diigpoddd bet ween t he
stationary el ectrode portion (5) and the |lower optical phase difference
film(6), and the stani ahar yaslkectr cxbngal iTh (iHuicds dorsted. dirsgdidy, on
the optically isotropic film(12). 5. A touch-input type liquid crystal
di spl &y detigbt2buapaarddndg rom CGilae nb2ckbhehei gubdt hpllbeeuiBer paxsica)
phase 15 June 2002 81 difference film (4) and the | ower optical phase
di f f erencethrbmyh6ihbapelaribher nd) defol omtionl irespeliatpoles kfzgwbtl ilgggs t han
1S0C. 6. A touch-input type liquid crystal display device 5 according to
Cl aim 2, wherahowotint Bégupper opthiical 1 jhesel Wi pbeseheed f Lhighe4) wave t he
| ower optical phase difference film (6) have a thermal deformation
t enper at ur paekingt thessghhahel1QGuid. cAysaudhdisplbyt gpe&ilthqw droarssgieal
di spl ay device 10 according to Claim3, wherein the upper optical phase
di ffer enceetiubin €4) ohase ol herauth deflos hat voht d@nperadults G Ndhdaegsy t han
150C.

10 polarized light twisted 90°. Further, linearly polarized

light that has passed through the lower optical phase
difference film 6 becomes circularly polarized light and
then returned again to linearly polarized light by the upper
optical phase difference film 4. At this time point,
15 because the angle between the optical axes of the two
optical phase difference films is about 90°, the resulting
linearly polarized light is directed so as to be
perpendicular to the polarization axis of the upper
polarizer 8 in the case of the normally white display mode.
20 That is, the linearly polarized light is coincident with the
transmission axis. Therefore, this linearly polarized light
is allowed to pass through the polarizer 8 so that light can

reach the observer.
Also, 1in the touch-input type liquid crystal

25 display device having a constitution as described above, the



8. A touch-input type liquid crystal display device according to Caim 3,
.Wherein the upper optical phase 15 difference film (4) has a thermal
deformati on tenperature of not |ess than 170C. 9. A touch-input type |iquid
crystal display device according to Claim4, wherein both the upper optical
- 'phase difference film(4) and the optically isotropic fi'ﬂi&%@boﬁ have a
thermal deformation tenperature of not |gess than 150C. 10. touch-i nput
type liquid crystal display device according to Caim4, wherein both the
upper optical phase difference film(4) and the optically isotropic film
(12) 25 have a thermal deformation tenperature of not |ess than 15 June
2002 82 170C. 11. A touch-input type liquid crystal display, devic ,
accor di ng P8Ry ofR d¥h¥§Qﬂrﬁ§91 F&afGP%ﬁﬁékeF eS%FPgﬁspBP%ﬁﬁopesgn pfate
(16) having optical isotropy is 5 disposed between the transparent touch
panel (1) ahaeﬁﬁéyl foaredcer st welHi apl Bye (BITULD. CRYE bt hdt FBLRY t $peCFi qui d
crystal disglay devi ce accordin? to daim4, 9 or 10, wherein a transparent
resin pl at Enese) MRERSTS opti cutll s@S opyli st s RERE Tet WeEWeERe these
optically isotropic film(12) and the |ower optical phase difference film
(6). 13. Amemhehsi Apdeedypayl bguibengiefstal RuEHians cakeTbyeli hgpre® any
one of Clainms 1 to 12, wherein a thickness of the upper optical phase

di f f ePenceati | megpsi sondsidessths t KdgsPr3eY~t MCAFE hot2GRste thiah 18Oreun.
14. A touch-input type liquid crystal display device according to any one
of Cains mrtﬂéeiébly\heb@naeéi Eeradie f a FERPEP2ERNRhiaH ahie/ast baYehary
el ectrode portion (5) has been directly fornmed and the liquid crystal

di spl ay (2pr 2@ eﬁﬂﬁQﬁanﬁhﬁ:héespa?ﬂonéh?e@{ectﬂédeaﬁéﬁﬁﬂéﬁwdiﬁéitl9h¢orned
menber and the liquid crystal display and a nenber di sposed between the

st at i onar ymefbetsoneypbet ibomdgidr et |gnd cameicherendet YaRd tHdhsmqung c?¥ st a
di spl ay are adhesively bonded overall by a transparent adhesive |layer or a
transpar entrep@bpapert sldbetsive layer and transparent re-peel sheet,

10 and it is also possible that some members are bonded by a
traﬁsparent adhesive layer while other members are bonded by
a transparent re-peel sheet.

The transparent adhesive layer is a coating of a

general transparent adhesive. This adhesive is exemplified
15 by acrylic resins such as acrylic ester copolymers, urethane
resins, silicon resins, or rubber base resins. The

transparent re-peel sheet 1s a gel sheet formed from a
transparent polymeric adhesive. The polymeric adhesive 1is
exemplified by urethane, acrylic, natural polymeric
20 materials, or the like. By the transparent adhesive layer
or the transparent re-peel sheet, the air space between the
member on which the staticnary electrode portion 5 1is
directly formed, and the liquid crystal display 2 can be
eliminated. Still more, because the refractive index of

25 these transparent adhesive layer and the transparent re-peel
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83 15 June 2002 15. A touch-input type liquid crystal display device
_according to any one of Clains 1 tc 14, wherein a transparent Film (22) | ow
in noisture pernmeability and superior in dinmensional stability is |am nated
on an upper 5 surface of the upper polarizer (8). 16. A touch-input type
. liquid crystal display device according to Cdim15, furtfiej,ne®@dbising a

| ow-refl ection processed |ayer (23) on an upper surface of tLhe t ranspar ent
film (22) laninated on the upper surface3§f the upper 10 pol arizer (8). 17.
A touch-input type liquid crystal display device according to Cl aim15,
further conprising an antifouling processed |ayer (24) on an upper surface
of the transparent filmlam nated on the upper surface of the upper
pol ari zer bhees) is 1&rgan dhel iedgut alpse [tquite cgfsrdt igies pingli cgsvicde
according to Claim15, further conprising a hard coat processed |ayer (25)
on an uppersuslr fremdefs tde thanspaeentofilaall aphase edisherpecappélnsdnf ace
of the upper polarizer 20 (8) . 19. A nethod for fabricating a touch-input
type |iqui dher ysgkdssli sphliagtdeve ce lhavihayind i qepdiezyst asodrepray (e
bel ow a touch panel (1), wherein in the liquid crystal display device, an
upper pol apiprarcal8)y iisairspdsed idm a2 25tuppErasaptaestoteainr aispar émt
touch panel ( 1) i n which an 84 15 June 2002 upper optical phase
di f f ersence hfavlimg( Hptarchla lsaverompt i tad phase dilikfer éncaihil héo)liamed
di sposed with a space layer (7) interposed therebetween, the upper optical
phase diff ergeca lf idinpl4)y servdmy thoe gliveea phaseedékayioh aflldgbt at
wavel ength to incident Iight of a center wavel ength within a visible region
and havi ng thentvatalre agleac bedde eporthieort radspanrcantl avdressmef degetrhereshe and
the |l ower optical phase difference film (o) serving to give a phase del ay
of a 1/ 4 wavelnsngirdento tdiegpdaici sleatt | aght tfedchemembées wavelugpgtlssed,

so that the transmittance finally becomes higher than that
10 of a constitution having an air space in the case where
double-sided tape 1is used. Besides, bec.ause the refractive
index of the transparent adhesive layer or the transparent
re-peel sheet 1is close to the refractive indices of the
above~mentioned members, refraction of 1light at the
15 interface between the transparent adhesive layer or the
transparent re-peel sheet and the members is suppressed, 50

that no shadows are formed in the screen display.
Also, the members bonded toc each other by the
transparent re-peel sheet are characterized by being highly
20 resistant to a vertically-acting pull-away force and a
horizontally-displacing force, and easily being separated
away from each other when pulled away from both sides in
such a manner that the members are peeled off from their
ends. Accordingly, there 1is no afraid of peels in normal

25 use state of the members after the mounting, so that the
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10 within the visible region and having a stationary el ectrode portion (5)
.on an upper surface thereof; and a | ower polarizes (9) is disposed on a
| ower surface of the liquid crystal display (2); wherein an angle fornmed by
an optical axis of the upper optical phase difference film(4) and a 15
. polarization axis of the upper polarizes (8) is about 45,ﬂ?#”@ngg f or med
by an optical axis of the |lower optical phase difference film(6) and
linearly polarized light that is to be o §putted froma device surface out
of linear polarization emtted fromthe liquid crystal display (2) is 20
about 45, an angle formed by the optical axis of the upper optical phase
difference film (4) and the optical axis of the |ower optical phase
di f f er encem¢ibarf6)cars edoputy 90e aeelesereth AAramglie teganse 3L t Aehar
pol ari zation axis of the upper polarizes (8) and linearly polarized |ight
that is 25otoabéonat put fed dddimitdre dévi des sheedtessuttof Skynddrdly thegs 15
June 2002 polarized light emtted fromthe liquid crystal display (2) is
90, the netBibdstuapmsian: offit dilvd ngranapeaphe- sicdwesheeshpgt does not
after5perform nga heat treatnent for renoval of residual solvents in film
mat eri al olowhe apperbgptepabtptasedofvébsencdisbm {8)theorasagwhere an
transparent electricallyconductivefilmfor the novable el ectrode portion
(3)di sect | yrenhthe fbkeemapetimériandadheetveer for nitpgda hbatdlseeathent f or
reduci ng di nensional errors involved informationof |eads, form ng | eads of
t he novabl ereheptredeparet-iparl( 3heandifura hpatpeidbr avg ng Hewth t vabenent
forcuring of binder of ink with which the | eads have beenforned, aswell as
for renovahbebrbohyenirsl ofat hesuakintbahtcperinges, staei dranss e tsheet by,
afterperform nga heat treatnent for renoval of residual solvents in film
mat eri al opethe saet, opiiaral flilaselli f Aesenbefitme (@Lr f buvbigsa nixed
transparent electricallyconductivefilmfor the stationary el ectrode portion
(5) 20di r ecbkyweant heef inenbwtseraal roandtafhperapertor songreatheat preduaent f or
reduci ng di nensional errors involved informationof |eads, form ng | eads of
t he sbati oraeyelfeit ogslepobubblebs)camntii fail t hebe peiftarimeny without any
heattreat nentfor curing of binder of in'.~c wth which the | eads25have
beenf or nedspasinel | t Bsafment enovah ofddidiivent stok ttherms 15 ajunes2602a86
i nk, |am nating together the novabl e-side sheet and the stationary-side
sheet thentkagtnahing refferuppersuyanl ardteamds) an axpdl Ujpperasurbackeles the
upper optical phase difference film (4) of the novabl e-si de sheet and
t her eaf t er ppemnidrifigiga a rplessuii€l dlegagpsieBgupreocessapahiled afirnat iarg ¢ndet her
the stationary-side sheet with the liquid crystal display. 10 20. A nethod
for fabricgbirRgoa tofiIChhenpuirfamee bf quine ctysisparkspl apudbvipemdiaving a
liquid crystal display (2) below a touch panel (1), wherein in the liquid
crystal di spkay adeyeea,alan réppereneoldninser H(e8)aprsl idids pios ecth@ncase uppea
surface of a transparent touch panel (1) in which an 15 upper optical phase
di f f er encetkihBpbspnandteutiowegaropt | dal uphage dhéf eylerece fubmtiéxrear &l
di sposed with a space layer (7) interposed therebetween, the upper optical
phase diffareneg fdptmdal) sevvrapgyl o igi viehaciphassedetlay efoachintianetiengt h
to incident light of a center wavelength within a 20 visible region and
havi ng a mavablwsbest apderpenti anff&)t oata tower tsuptaeeutherienf quand t he
| oner optical phase difference film(6) serving to give a phase delay of a
1/ 4 wavel engtliutiQ the incident |ight of the center wavel ength within the
vi si bl e region and having a stationary el ectrode

20 Next, the method for fabricating the touch-input

type liquid crystal display device is described in detail
below.
(Upper Optical Phase Difference Film 4 of Touch Panel 1)

The upper optical phase difference film 4 can be

25 given a specified phase difference by uniaxial-orienting an



25 portion (5) on an upper surface thereof; and a | ower 15 June 2002 87
polarizes (9) is disposed on a |ower surface of the liquid crystal display
(2), wherein an angle forned by an optical axis of the upper optical phase
difference film(4) and a polarization axis of the upper polarizes (8) is
.‘about 45, 5 an angle fornmed by an optical axis of the IongJ%y@dgggl phase
difference film(6) and linearly polarigf light that is to be outputted
froma device surface out of linear pol zation emtted fromthe liquid
crystal display (2) is about 45, an angle forned by the optical axis of the
upper 10 optical phase difference film(4) and the optical axis of the
| ower optical phase difference film(6) is about 90, and wherein angl e
formed by @hedpaVar £2aRi 83 t&FLe Lof t]%b tibber SPBPAFRSRE . (8) Tad 9 K2Rk y
pol arized light that is to be qutputted fromthe device surface out of
linearly IBaperaalz&evinght 2e@as® ArdderRESs it d lc,/r‘lys‘f’ﬁi’eg?g%p&y ) is
90, the nethod conprising: obtaining a novabl e-side sheet b af t er
per f or mi ngvashede tichtnoft Fanuk e?rggapmof whdsihd el 20 §6P¥Fé|1|?s %fh §1q m
material of the upper optical phase difference film(4), formng a
t ranspar envaebdengkbabfytbendasopsé LidnPsh tihd aGhedbl & Yol ddd 156r ti on
(3) directly on tze filmmaterial, and after perform ng a heat treatnent
for r&duciagrdifmensivaalindexords iafvotvaEr ¢ @t D0 f oV fafhod Softheearizt i 9adr i ng
| eads of the novable electrode 15 June 2002 88 portion (3), and further
per f or m ngaaibedirectatnentt fidve ciklmgnafebiader 2o §iFlR Ml WRICEHR tie
| eads have been forned, as well as for renoval of solvents of the ink,
obtai ni ng a syadiveatyosi deesheedipylasrnfag Bhe tizhspreeitnel etdi cal ly
conductive filmfor the stationary el ectrode portion (5) directly on a
gl ass substeétectity hndawy dpti eal thécknepy, forarh§oneads ofhg hdilm
stationary electrode portion (5), and perform ng a heat treatnent for
curing of hahdedadf iwidiakt hswai cirdheetebels bareepgdgular to the x-

10 direction and the y-direction, and the resultant £film
material is used for the upper optical phase difference
film 4, In addition, when the lower optical phase
difference film 6 is given phase difference, the case 1is
the same as in the upper optical phase difference film 4.

15 (Movable Electrode Portion 3 of Touch Panel 1)

A transparent conductive film forming part of the
movable electrode portion 3 is formed on the rolled film
material for use of the upper optical phase difference film
4. Process of this film formation may be sputtering,

20 evaporation, or CVD process. Before the formation of the
transparent conductive film, high temperature treatment
needs to be carried out as much as possible in order to
remove the residual solvents in the film material. This 1is
because the residual solvents, 1f present, would make it

25 impossible to form a stable transparent conductive film.
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10 fornmed, as well as for renoval of solvents of the ink; |amnating
_.together the novabl e-si de sheet and the stationary-side sheet; then,

| am nating the upper polarizer (8) on an upper surface of the upper optical
phase difference film(4) 15 of the novabl e-si de sheet and thereafter

- performng a pressure degassing process; and | ami nating t%%rﬂﬂ dgohe
stationary-side sheet wwth the |iquid crystal display faith't GQOV\BI’

optical phase difference film (o) interposed therebetween. 20 21. A nethod
for fabricating a touch-input type liquid crystal display device having a
liquid crystal display (2) below a touch panel (1), wherein in the liquid

crystal display deyjce, an upper _polarjzer. (8).is disposed on an er
surface of W% %ﬁls5&Fer¥tratn(§@€ﬁe8§neqorkdﬂcecilnv(%§]cﬁ“ aﬁSZégﬁﬁéFegptaiufg%r phase
difference fil mé\gg ndf | ower optical 15 Jﬁne. 2002 89 gh‘asg \?\gference
film(6) ar@edFspedéd W hr%sls‘%‘éac FAYEPET) Mt erHoRBTCT AT EbaPWEET™ t he
upper optical phase difference film(4) serving to give a phase delay of a
1/ 4 wavel eHy® hItd™ MGdfent2 | F@Iﬁ?e]c’)?tér%eﬂ?erls\%a\?elo gt R Wi Eﬁirn Se’fag’]\f%ési bl e
regi on and having a novabl e el ectrode ﬁorti on ( on a | ower surface
thereof, afRrRAeIPRWBRAOPLAREF FRASBIART PEr ke 'alnrﬁp(aéf)ensterq/qrﬁ{j"ctt&v@ ve a
phase _delay of a 1/4 wavel ength to the incident |ight of the center

wavel 2ngt hfind®hi n t?a‘éCW%}Ib‘lng'r et ont Bl RASG A st iGar P eld@de 10
portion (5) on an upper surface thereof; and a | ower polarizer (9) is

di sposed ofte BormaeioR UEEERRIBEUEReCTi 4858 ER§RtL APCdFsprayd( 2)ieifdhet&in an
angle forned by an optical axis of the upper optical phase difference film
(4) and a Perariomtornaxps SeferBaipper PG AIFATHDD i €1 EhodP045, °F5 an
angle formed by an optical axis of the |lower gptical phase difference film
(6) and | imese| jepbl asp zERtighe AW Hd AR tEd FERE TVl
surface out of linear polarization emtted fromthe [iquid crystal_ display
(2) is abowetsbe aetaigiest f or Mb8oby heRé dptaacaendxiat ot ehe thppert B0 C
optical phase difference film(4) and the optical axis of the |ower optical
phastOdi f fepehde EEFHLEG) ins 4Psuffdgicrhd WRBPERA aRfandlhé f JafedUy the a
pol ari zation axis of the upper polarizer (8) and linearly polarized |ight

that is tosbeveutputted ftdatthe dehaddesur frecd Ghreswth ndagr@anppragent

polarized light emtted fromthe liquid crysta~. display (2) 15 June 2002
90 conductive film could not be obtained. Therefore, since

150°C or more heat treatment is done for the removal of
residual solvents in the film material, the film material
15 for forming the transparent conductive film must be a film
material having a thermal deformation temperature of 150°C

or more.
The film material with a transparent conductive
film for use of the upper optical phase difference film 4
20 made in this way is generally roll-shaped. Therefore, the
film material is cut into specified size for circuit
formation so as to be formed into sheet-like film material.
It is noted that one film material sheet, 1in some cases,
corresponds to one transparent touch panel 1, but without

25 being limited to this, corresponds to any arbitrary number



is 90, the nmethod conprising: obtaining a rmﬂabl e-side sheet by, after
performng a heat treatnent for renoval of residual 5 solvents in film

"material of the upper optical phase difference film(4), formng a
transparent electrically conductive filmfor the novable el ectrode portion
. (3) directly on the filmmaterial, and after perform ng aghg@e dopgat ment
for reducing dinmensional errors involved in 10 formation of |eads, formng
| eads of the novabl e el ectrode portion @@), and further perform ng a heat
treatment for curing of binder of ink with which the | eads have been
fornmed, as well as for renmpval of solvents of the ink, obtaining a
stationary-side sheet by, after 15 perform ng a heat treatnment for renoval
of residuaf soramsnarant fiquahmaasls lofmaﬁtgﬁtri €aPBy -i sotropic film (12),
formng a transparent electrically conductive filmfor the stationary
el ectrode portion (5Theli reet| yfoht Heaierimlmat®reel | idhd SSFI&<ES6 f $oning a
heat treatnent for 20 reducing dinensional errors involved in formation of
| eads, forheatyineadsooesshe ast atdDHaad el EER ode P&t i oh FSHUCARE R her
perform ng a heat treatnment for curing of binder of ink with which the
| eads havedimeers ioralked, em®waelin agifnsuitendieamagiogol ventldieof headingk, 25
| am nating together the novabl e-si de sheet and 15 June 2002 91 the
st at i Dnar ypsoakes sheet des andlnby | dgne hat upp&emperatcizer c£8nosn 1&s suppean
surface of the upper optical phase difference film(4) of the novabl e-side
sheet and 10@t@adnerless fdran ng & priess ey dedusyi .ng Threseadserandhe
| am nating together the stationary-side sheet with the liquid crystal
di spl ay wdirdinet | foenadiptn caf peade dindf dihencleiKd Iwhi®) aneepposedof
t her ebet ween.

the rest of the movable electrode portion 3 is carried out.

The process for the circuit formation may be done by screen

10 printing, offset printing, roll coater, dispenser, or the
like. As the ink used for the circuit formation, ink in

which metal microparticles having electrical conductivity

have been dispersed in a binder made of thermosetting resin

is wused, and a solvent 1is added thereto for Dbetter

15 printability so that the viscosity is adjusted. As the
" metal microparticles used for the conductive ink, silver,
nickel, copper, gold, or the like is used. High temperature
drying process is performed for the curing of the binder and

the removal of solvents. The drying process 1s done at a

20 temperature of not less than 100°C and less than 150°C for
30 - 60 minutes. Drying conditions are adjusted according

to the ink used. Needless to say, a film material whose

phase difference of 1/4 wavelength is not changed by the

heat treatment during the circuit formation is previously

25 selected.



22. A nethod for fabricating a touch-input ty#e 10 liquid crystal display
’device according to any one of Clains 19 to 21, wherein the heat treatnent
for renoval of the residual solvents in the filmmaterials is performed at
a tenperature of not |less than 150C. 23. A nethod for fabricating a
.touch-input type 15 liquid crystal display device accor di g i s one of
Clains 19 to 22, wherein the heat treatnggt for reducing di nensional errors
involved in the formation of the leads is perfornmed at a tenperature of not
| ess than 100C and | ess than 130C. 20 24. A nethod for fabricating a
touch-input type liquid crystal display device according to any one of

Clainms 19 to 23, whetgi h a SUri of: th I f the
ink with which the I@ggg ﬁggé eéﬂl{%r%§g££5£8§e F §§g¥%rléeﬁngg?qul?he
solvents of _the_ink.ig perfar 5 t n S 1C0C
and | ess tﬁgkt%§8c.l'%15 fu%gﬁggﬁéléggi@?éggggéﬁo%éf%?g%agéPégt ﬁéggg)
touch-input .type_|ligquid crystal_ displ evi ce. accordi to_.any one_of
Clainms 19 F&E§4,rﬁﬁ§F8?n e 6¥§%suﬁg%%egg§%?§ﬁ§gro%géggis %§?¥orn%5g3t 40
- 80C and 4 - 9.kg/cnz for 10 - .12Q m nutes.. 5 26. met hod for .fabri.cating
a touch-inﬁﬁﬁng§5 &P qdifd 5??%?1% 3P§Bfﬁb d@ﬁgg% é%@%rd%%g F885ﬁ§agﬁg'of

d ai 19 t% 25, m@Erein el ectrode-routed portions are preparatorily

provi ded i RTELCHEPTS¥e of the novable el ectrode portion (3) and the

stationary el ectrode_portion 10 (.5 and after_|l.am pati t oget her e
movabl e- si de sheet an tE%esf%&"%W%%y9gidgh%héﬁyﬁiﬁgd%bﬂgss adginégeand
adhered to a connector (40) via_.an anisotropic condyctive adhesive a
t enper at ur §+6FUAGt %%Elggifh%rh' 1%@5?1d tosé t AT 7(9%.C f@nSlgerlng Bhe

|
Af v Ay ABKESRGRUS AR MK ARASTA 500K y 8 UEPET OBidaL phase

Afr. A3Ay. A .
{y_. AFUy. Ah. AhS_Af . Ahf .AgSr.A U Af_. AUE, Alyr A3y . Ahf _ A3hS .
ATL. Ahy . AftE §{FE?£\F.f_ﬁﬂ. > A K RO RPN Oyop ABHS, ARReTeds “the

o G 1 G ot AR s ey assho SR, 28 ApaFoaty
Y AT Afr. ALS. A3 yr . Ay. AYyL. A . AFAfr . A3. yr. A3 . Al' S, AFAS_Ff xy8 7

{ z ? l g ;)] X]U]c zrigé]é}lé]éfl&l;e/l][f@?{a@éﬁ é%{lil\é 2%%? E‘&T t ra/]‘:'gﬁ] éiﬂgéauyd% 8% ¥ at E%?%Ei ){5 !31] ca]
ca] ca] cal] c<a] ca] ca] ca] ca] c<a] ¢<al]c<a! %'

3Yf hcdH W @of-eEigsd) @rﬁ*lg_'Z] Y% LFRa)’ca) EYF Eﬁféa]aé"aﬁ cAFERPERFL a)fdaeated] ca] ¢
a]ca]ca]cahqa]qa]ca]ca]ca]Qa]ca]ca]cqgcggcagca_ca ca! #$Y&&& 'fO'n1o'*'()))*
L= - ZAd9Bid X YSRx i TP AY cafRA] CAPPARYAFEAFER] S Ca] cHITh] ¥af¥a] ca]

cal cal cal cal cal ol cal cal cal ¢al el calcal ol saleplalcalcal/ By o macter
2] calSa] caPea] €At e cal68] cAPEAFEL] R AGERS. DL BBBEVAITDREPEE Pr (SERER CS0/C
2] ool ca] caPSAFEATERFC} L] §aPeat LAPOaTeahcaf coP| EIRBIAL SEREL LM RRAROOODO
| o] cal cal O8] ca) Ca] LUTRATEE] Bal 6] €afcaf Ghe a1 Lal chPT RO oA Zo 22|
H“ 1 E] 111 PAERr i vF1€a] ddf€a) 0h] &Rfc iR CaPPafCatf caiash cdf ELPESTER] ca) ¢
Gt G 11 ggOIPLE il SRBRRHEAKCOBp BB pENFIEKVE T ot B3] Ly Say B £a) JIHESIRE cal ¢
ol calgal cal gal qalealsy gahathsalrdhe Al Aol sasl cal gakeg canpal av
| Ca] oa] ca] CAFbAPoAToRFE] (L TAIEE CaPea] AT o Lo caf B8] £ i ARLRDLaY T
screen does not necessarily become 45°, in which case
notwithstanding the optical axis of the upper optical phase
difference film 4 is also not parallel to the side line of

25 the upper optical phase difference film 4, the optical-axis



D} xsni d_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]calca]ca]cal
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>yEpBcps?wgw ;
g} xsnid_Z]]].ca]lca] ca] ca]ca] ca] ca]ca]ca]ca]ca pa]ca]calca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] c&L€SFEdPEa] *af c ] Eaprangpgfirgction of the' rolled upper
no| ##} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca ca]ca]ca]cagca]ca]ca
] ca] ca] ca] €BFd&pdaduisCa]tid] fejarsiec o] lat 14+ 25§ . Paras bgboba1racho22thes999! 2.
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fi 1lk>kAkmmnpppgst t?tu
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15 manner that the side line of the film material sheet after

cutting will be angled 30° to the side line of the rolled
film material sheet, and thereafter the circuit pattern is
printed. Another method is to give an angle to the pattern
layout. For example, in the case where circuits are formed
20 by printing, giving an angle of 30° on the whole to the
pattern layout of the circuit formation plate makes it
possible to cut the rolled film material vertically to its
drawing direction (of course, in the latter case, because
the film material sheet and the pattern layout are angled to

25 each other, the cutting needed to be done with an angle
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given after the circuit formation in obtaining one film
material sheet which is in the state of being set to the
transparent touch panel 1 as described later).

Further, during the circuit formation, it is also

5 necessary to keep the transparent conductive £film and the
leads or the like from unnecessary contact (1.e.,
unnecessary overlaps). Normally, before the circuit

formation, the transparent conductive film is preparatorily
patterned into a specified configuration. The patterning
10 process may be print resist process, or photolithography
process, Oor difectly pattern printing of the transparent
conductive film.
(Stationary Electrode Portion 5 of Touch Panel 1)
As to the formation of the stationary electrode
15 portion 5, circuit formation is carried out by the generally
same processes as in the movable electrode portion 3. In
the case where the optically isotropic film 12 or the glass
substrate 11 having optical isotropy is located between the
lower optical phase difference film 6 and the stationary
20 electrode portion 5, the optically isotropic film 12 or the
glass substrate 11 having optical isotropy, which 1is the
target on which the stationary electrode portion 5 is to Dbe
directly formed, has no optical axis, so that these members
do not need to be angled for the cutting and circuit

25 formation processes. In the case where the stationary
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electrode portion 5 is directly formed on the lower optical
phase difference film 6, the case 1s utterly the same as in
the case where the movable electrode portion 3 is provided
on the upper optical phase difference film 4. As the ink
5 material, ink similar to the ink for the movable electrode
portion 3 can be used. High temperature drying process is
performed for the curing of the binder and the removal of
solvents. The drying process 1is done at a temperature of
not less than 100°C and less than 150°C for 30 - 60 minutes
10 (in the case where the stationary electrode portion 35 is
provided directly on the lower optical phase differeﬁce film
6, needless to say, an upper optical phase difference film
whose phase difference of 1/4 wavelength is not changed by
the heat treatment during the circuit formation 1is
15 previously selected).
(Insulation Assurance of Touch Panel 1)
After the <circuit formation, and before the
movable-side sheet (upper optical phase difference film 4),
on which the movable electrode portion 3 has been directly
20 formed, and the stationary-side sheet (optically isotropic
film 12, glass substrate 11 having optical isotropy, or
lower optical phase difference film 6), on which the
stationary electrode portion 5 has been directly formed, are

combined together to make up the transparent touch panel 1,

25 an insulating layer is formed on at least either one of the
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movable electrode portion side and the stationary electrode
portion side, in order to avoid insulation failures due to
contact of a lead and an electrode between the upper and
lower members, and to prevent metal oxidation of circuits.

5 Process for forming the insulating layer may be done by
print resist process, screen printing, offset printing, roll
coater, dispenser, or the like, as in the circuit formation.
Material used therefor is an insulative thermosetting resin
or the like.

10 Also, in order to ensure the insulation between
the transparent conductive film of the movable electrode
portion 3 and the transparent conductive film of the
stationary electrode portion 5 in the touch panel 1, and to
enable smoother ON/OFF switching of conduction at operations

15 of pressing or releasing the top surface of the touch panel
1 by pen or finger or the like, a multiplicity of spacers 10
are formed between the transparent conductive film of the
movable electrode portion 3 and the transparent conductive
film of the stationary electrode portion 5. The surface on

20 which the spacers 10 are formed is given by an electrode
surface of the transparent conductive film on at least
either one of the stationary electrode portion side and the
movable electrode portion side. Process for forming the
spacers 10 may be screen printing, offset ©porinting,

25 dispenser process, or the like, by which the spacers 10 of

%
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any arbitrary configuration are formed directly. Also
usable are photolithography process, print resist process,
or the like, by which an overall-formed coating is patterned
inﬁo the configuration of spacers. The spacers, although

5 not limited in configuration particularly, are desirably of
the same configuration and arrayed at fixed intervals so as
to eliminate any input-disabled portions and to enable
uniform inputs. When the spacers are formed in a dot-like
shape, the spacers are desirably made small in diameter and

10 low in height. As an example, an arrangement pattern in
which spacers having a diameter of 30 - 100 um and a height
of 1 - 15 um with a spacer pitch of 0.1 - 10 mm fall upon
intersecting points of a plurality of lines crossing one
another longitudinally and laterally can be obtained by

15 rotating the pattern to 0 - 90° with respect to one side
line of the touch panel 1.

(Cutting of One Electrode Sheet)

The movable-side sheet (upper optical phase
difference film 4), on which the movable electrode portion
20 3 has been directly formed, and the stationary-side sheet

(optically isotropic £film 12, glass substrate 11 having
optical isotropy, or lower optical phase difference film 6),
on which the stationary electrode portion 5 has been
directly formed, with circuits formed on these sheets, are

25 further cut into specified size, 1in the case of the
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multiple pattern. In the case where the stationary-side

sheet is a film, the sheet is cut by Thompson dies, dies,

cutting plotter, or the like. In the case of the glass

substrate 11 having optical isotropy, the sheet is cut by

5 scriber, breaking machine, or the like. Particularly when

the glass substrate 11 having optical isotropy is cut, the

cutting edge is desirably put in from a surface opposite to

the conductive film because the conductive film surface is

too hard to let the edge in. By so doing, the glass cross

10 section is cut finely, by which strength degradation can be

prevented.

(Lamination of Upper and Lower Movable-Side Sheet and
Stationary-Side Sheet)

The movable-side sheet {upper optical phase

15 difference film 6}, on which the movable electrode portion

3 has been directly formed, and the stationary-side sheet

(optically isotropic film 12, glass substrate 11 having

optical isotropy, or lower optical phase difference film 6),

on which the stationary electrode portion 5 has been

20 directly formed, are bonded together by adhesive material

or double~sided tape 19, by which a space layer 7 is formed

between the electrodes. In the case where circuits are

formed in a multiple pattern, preparatorily forming the

adhesive material or double-sided tape 19 before cutting

25 the upper and lower movable and stationary-side sheets
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allows the process time to be reduced, efficiently. The

adhesive material or double-sided tape 19 is formed on the

periphery of the movable electrode portion 3 or stationary

electrode portion 5 and applied so that the two electrode

5 portions 3, 5 are opposed to each other, and then press-

fitted with external pressure applied. The adhesive

material in place of the double-sided tape 19 is formed by

screen printing or the like, and the double-sided tape to

be used 1is previously punched out into a frame shape.

10 These are formed outside the perspective region of the

transparent touch panel 1. When the adhesive mate?ial or

double-sided tape extends to within the perspective region,

images at end portions of the touch panel become difficult

to view due to seeping. Available adhesives are acrylic,

15 epoxy-base, urethane-base adhesives, their copolymers, or

the 1like, and recommendable double-sided tape 1is, for
example, Nitto Denko Kabushiki Kaisha's 532 or the like.

(Connector)

An externally-takeout portion (connector) 40 for

20 detecting a contact position (i.e. input position) between

the upper and lower electrode portions 3, 5 of the

transparent touch panel 1 is provided. The method therefor

may be a method that electrodes are routed from the two

electrode portions 3, 5, respectively, a method that

25 electrodes are routed from either one of the two electrode
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portions 3, 5, or the like. Electrode-routed portions are

preparatorily provided in the transparent touch panel 1,

and pressed against and adhered to the connector 40 via an

anisctropic conductive adhesive at a temperature of not
5 less than 120°C and less than 170°C.

This is the process for fabricating the
transparent touch panel 1. Next, a process for fabricating
the touch-input type liquid crystal display device by
combining together the touch panel 1 and the liquid crystal

10 display 2 1is de;cribed.
(Bonding of Upﬁer Polarizer 8)

The upper polarizer 8 is bonded to the top surface
of the upper optical phase difference film 4 of the touch
panel 1 fabricated as described abeove. In the case where a

15 transparent film is further provided on the upper polarizer
8, the upper polarizer 8 and the transparent film may be
bonded separately from each other, to the upper optical
phase difference film 4 on the[ touch panel 1, or a
previously provided lamination of the upper polarizer 8 and

20 the transparent film may be cut into a specified size and
bonded onto the touch panel 1. These films are bonded
overall via a transparent adhesive material. The upper
polarizer 8 and the transparent £film, although not
particularly limited in size, are normally bonded so as to

25 be equal in size to the touch panel outline or about 0.1 - 1
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mm inner than the sides of the touch panel outline. This is

because sizing outer than the touch panel outline would

cause the upper polarizer 8 and the transparent film to be

more likely to peel with external force applied. However,
5 the size is not limited to this.

After the upper polarizer 8 1is bonded, pressure
degassing process is performed at 40 - 80°C and 4 - 9 kg/cm’
for 10 - 12 minutes. Because the upper polarizer 8, when
bonded on the touch panel 1, would cause air bubbles to be

10 mixed between the upper optical phase difference film 4 and
the upper polarizer 8 or the transparent film, the above
pressure degassing process is intended to remove those air
bubbles. By performing this process, air bubbles are
diffused while the adhesion property between the films can

15 also be improved.

(Bonding of Lower Optical Phase Difference Film 6 on Which
Stationary Electrode Portion 5 is not Directly Formed)

In the case where the optically isotropic film 12
or the glass substrate 11 having optical isotropy is used

20 as the stationary-side sheet on which the stationary
electrode portion 5 is directly formed, the lower optical
phase difference film 6 1is disposed Dbetween these
stationary-side sheet and liquid crystal display 2. The
lower optical phase difference film 6 1is, desirably,

25 overall bonded onto the members (glass surface of the
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liquid crystal display portion, or polarizer or other
optical phase difference films located on the liquid
crystal display portion) on the liquid crystal display 2
side via an adhesive material. The lower optical phase

5 difference film 6 may be preparatorily bonded to the

polarizer or other optical phase difference film provided on
the liquid crystal display portion, and then bonded to the
liquid crystal display portion, or may be bonded separately
from each other to the liquid crystal display portion.

10 After the bonding, desirably, a pressure degassing
process 1s performed. The pressure degassing process 1is
done at 40 - 80°C and 4 - 9 kg/cm® for 10 - 120 minutes. By
performing this process, air bubbles are diffused while the
adhesion property between the films can also be improved.

15 (Bonding of Stationary-Side Sheet to Liquid Crystal Display
Side)

The stationary-side sheet on which the stationary
electrode portion 5 1is directly formed is bonded to a
member on the liquid crystal display side by a double-sided

20 tape or the like, together with a member(s) disposed on the
stationary-side sheet on which the stationary electrode
portion 5 is directly formed. The statiocnary-side sheet
may be bonded directly onto the member on the liquid

crystal display side (in some cases, the lower optical

25 phase difference film 6 1is the uppermost layer as stated
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side sheet may be bonded overall via a transparent adhesive
5 layer or a transparent re-peel sheet.

Next, touch-input type 1liquid crystal display
devices and methods for fabricating the touch-input type
liquid crystal display devices according to fourth to sixth
embodiments of the present invention are described.

10 The fourth embodiment has been achieved for the
following purposes.

That is, 1in the liquid crystal display devices
according to the first to third embodiments, there have
been some cases where the following disadvantages are

15 involved.

‘First, when the surface of the upper polarizer 8
is poor in durability, it can occur that the surface of the
upper polarizer 8 is damaged by pen input or the like so as
to lack in practicability.

20 When moisture is absorbed from the surface of the
upper polarizer 8, the upper polarizer 8 becomes more prone
to contraction and expansion or distortion, so that the
upper optical phase difference film 4 bonded to the upper
polarizer 8 is resultantly changed partly in retardation

25 value, in which case irregular colors becomes noticeable as



C0$1098& ()- . 11098& ()- {&$10%& ()- {I $1'00/$&' () - OBRBSB' BcBBBBbA410$
1-10%$ & ()- 110%$ & ()- 110%$ & ()- " 10%$ & ()-

ly,10% $' & ()-10$10$BBYCCCDD| [: A410$ "110% $' & ()- 940%& ()- 9Y40%B& ()-
1110% $' & ()- >s$10%& ()- s$10%:& ()- D&EI EE FFF| [: A410$ | 4MLO% $' & () -
S0$1098&' ()- 1y, !110%$ & ()- 1(110%$ & ()- &10%S$' & ()5 June 2002

1 $110% $' & () - FGCGDGEGFGSGVGAVWA10 1 109%B& () -  S10%& ()-
1f,109%& ()-10'$'10'$' 10'$'  1:$10% $' & ()- 1s6!110% $' & ()-GOXHI 1 13J3}\;
vU410  3"$10% $i & ()- ! 10%8& ()- 3$10%$s& ()- 3$10%m$n& ()-
“$1096& () - $109& ()-3JIJOKXLLLLLL| obU410 109%& ()-10$ 10$10%

| : $1098&' () -, v, . %0%$x& () V., YA0YB& ()- 3"$10% $ & ()-LL . bU410
‘!10;/&/24'()-"’1@?/%% %‘3“3‘( %@%@?serm%c@aﬂf)- aniilog 856’5\1?5 thi

ly- 10968&" () - CQOPDPXPP| [ : bU410 . i Fl, $1098& ()- .f,s! 1098& ()-
SX‘!lo%&'(%"’)th% 11[\%(5‘4116%%‘%1‘6% t@@ {paited! 0

"-109%6& () - P+QF QQQORRR| [ NA41010$10$10% . 3Y: 109%8$&. ()= TT1098& (). .,
“6M 1098& ()- Y4'! 10‘5&1@@%%1 é@$é’§3(e)°}1§RF&fr[ )‘if"i*F[ :%%M%g’iot% sixth
$10%HSHE () -0 F, $10%CHC& () -0 {9F $109%63%5& ()-0.qgF $10%}$+&'%)-0.
L10%6& () - emﬁqchlé%fkﬁs()-oﬁ(_ u PHeF pe 516“‘(%“&63/6%'%??)-%0 To§igs B
$109%& ()-0 F $10%/$V& &) -0, 'F $109& (24- 0 F $109%8& (1) - OVWWM WM XX4Y| [ : cV510
$1096& () - CHAEPRIPIE (FOUSRS AR (Y- OVE$EHosERS ()SHPEREQ1 od¢s BuEFace
ly-10% $' & ()-4YYYZzZZ[|[:cV510 "~ 0$10%& ()-  1y,'10% $' & ()-.
| (110% $' & dYrabilidm 09ns REEyeptedsIon Fodshire ahsqmpgian (Jofo\ the
\WJEJvU410 &s$10% $' & ()- 1,110%$ & ()- | 110% %' & ()- o
LS10% $' & (URHAED' Boiarizan $, #B$IW®AL' &S()3 Efppch—ippugusare &$quid
crystal display device using this touch panel, by solving
the above disadvantages.

10 Now the fourth to sixth embodiments of the present
invention are described in detail with reference to the
accompanying drawings.

Fig. 11 is a sectional view showing a touch-input
type liquid crystal display device (transmission type TN)

15 according to the fourth embodiment.

Fig. 12 is a sectional view showing a touch-input
type liquid crystal display device (transmission type STN)
according to the fifth embodiment.

Fig. 13 is a sectional view showing a touch-input

20 type liquid crystal display device (reflection type STN)
according to the sixth embodiment.

Fig. 14 is an explanatory view of the transmission
axis direction and the optical axis direction in the touch-

input type liquid crystal display device (TN) according to

25 the foregoing embodiments of the present invention.
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type liquid crystal display device (reflection type STN)
according to a modification of the sixth embodiment.

In the figures, reference numeral 22 denotes a
transparent f£ilm, 23 denotes a low reflection process, 24
denotes an antifouling process, and 25 denotes a hard coat
process.

As the base material for directly forming the
stationary electrode portion 5 thereon, the lower optical
phase difference film 6 (the fourth embodiment, see Fig.
11), or the glass substrate 11 having optical isotropy (the
fifth embodiment, see Fig. 12), or the optically isotropic
film 12 (the sixth embodiment, see Fig. 13) is used. These
base materials are also processed at high temperatures
during the formation of the stationary electrode portion 5
and the circuit formation, as in the case of the upper
optical phase difference £ilm 4.

Also, if pressing stability and durability
equivalent to those of the glass substrate 11 having optical
isotropy are preferred to the thinness in the fourth
embodiment, a transparent resin plate 16 having optical

isotropy may appropriately be disposed between the
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isotropy are preferred to the thinness in the sixth

5 embodiment, the transparent resin plate 16 having optical

isotropy may appropriately be disposed between the optically

isotropic film 12 and the lower optical phase difference

film 6 (see Fig. 16). As the material of the transparent

resin plate 16 having optical isotropy, resins superior in

10 transparency such as polycarbonate resins, acrylic resins,

or polystyrene' resins are used. The thickness of the

transparent resin plate 16 1is 0.3 - 5.0 mm. With a

thickness less than 0.3 mm, the transparent resin plate 16

would deteriorate in pressing stability and durability and

15 therefore more prone to yield recesses or other deformations

due to repeated inputs. Also, with a thickness over 5.0 mm,

the transparent resin plate 16 would be heavier than glass,
impracticable as portable equipment.

The transparent film 22 is superior in

20 transparency less in moisture permeability and excellent in

dimensional stability in terms of its functions. As the

material for the  transparent film 22, polyethylene

terephthalate, polybutylene terephthalate, polystyrene,

polyether ketone, polyolefine, or the like 1is used. The

25 thickness of the transparent film 22 is not more than 100
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um, and is preferably 80 um.

Also, a low-reflection processed layer 23 may be
provided by performing a low reflection process on the
upper surface of the transparent film 22 laminated on the

5 upper surface of the upper polarizér 8. The low reflection
process for forming the low-reflection processed layer 23
may be done by applying a low reflection material using a
low refractive index resin such as fluororesin or silicon
resin; or forming a metallic multilayer film by evaporation

10 or the 1like; or laminating a low reflection film; or
processing the surface into a satin finish sﬁate by
sandblasting, embossing, mat coating, etching, or the like.
It is also possible to perform combinations among these low
reflection processes.

15 Also, an antifouling processed layer 24 may be
provided by performing an antifouling process on the upper
surface of the transparent film 22 laminated on the upper
surface of the upper polarizer 8.

Also, a hard coat processed layer 25 may be

20 provided by performing a hard coat process in order to
protect the transparent film 22 laminated on the upper
surface of the upper polarizer 8 from wearing due to presses
by finger or pen or the like. For example, the hard coat
processed layer 25 using acrylic resin, silicon resin, UV

25 curing resin, or the like is formed.
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the antifouling processed layer 24, and the hard coat
processed layer 25 may also be formed in combinations of
several means as shown above.

5 By arranging the touch panel 1 and the upper
polarizer 8 in the above constitution, reflected light due
to the light incident from external can be suppressed in the
following manner.

Incident light that has been transmitted through
10 the transparent. film 22 from the observer side passes
through the upber polarizer 8, becoming linearly polarized
light. The rest of functions and effects are the same as in
the foregoing embodiments.
The touch-input type liquid crystal display
15 devices according to the above embodiments of the present
invention have the above constitutions and functions, and
thus produce the following effects.
That is, by setting the polarization axis of the
upper polarizer 8 and the optical axis of the upper optical
20 phase difference film 4 so that tﬁe two axes form an angle
of 45°, incident light enters into the space layer 7 of the
transparent touch panel 1 as circularly polarized light or
generally circularly polarized light, and reflected
circularly polarized light or generally circularly polarized

25 light ©passes again through the upper optical ©phase
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Also, by setting the lower optical phase

5 difference film 6 between the touch panel 1 and the liquid
crystal display 2 in such a manner that the optical axis of

the lower optical phase difference film 6 forms an angle of
about 90° to the optical axis of the upper optical phase
difference film 4 and moreover forms an angle of about 45°

10 to linearly polarized light that should be outputted from
the device surface out of the linearly polarized light
emitted from the 1liquid crystal display, coloring of the
display screen, as viewed from the observer side, can be
suppressed, by which a display screen which is high in

15 contrast and free from coloring can be obtained.

Further, in the touch-input type liquid crystal
display device, by applying a lower reflection process to
the uppermost surface of the device, reflection of light at
the uppermost surface is suppressed.

20 As a result of these improvements, the 1liquid
crystal displays equipped with the transparent touch panels
according to the embodiments of the present invention can
offer a display screen which less reflects in a room with
fluorescent lamps or the like or in outdoor places, high in

25 contrast and very good at visibility.
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fluorescent lamps or the like indoors and reflected light
due to external 1light outdoors by means of the upper
polarizer 8 and the individual layers behind the upper
polarizer 8. Further, tﬁe following advantages are offered

10 by virtue of the transparent film 22 laminated on the upper
surface of the upper polérizer 8.

That is, by the lamination of the transparent film
22 onto the upper surface of the upper polarizer 8, the
surface durability becomes better so that the surface of the

15 upper polarizer 8 can be prevented from being damaged even
with pen input or finger input or the like.

Also, by the lamination of the transparent film 22
onto the upper surface of the upper polarizer 8, moisture
absorption from the surface of the upper polarizer 8 can be

20 prevented, so that contraction and expansion as well as
distortion of the upper polarizer 8 due to the moilsture
absorption can be suppressed. Therefore, variations of the
retardation value of the upper optical phase difference film
4 laminated on the upper polarizer 8 can be suppressed,

25 irreqular colors do not occur, and moreover the
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Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is

C) to be noted that wvarious changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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having a liquid crystal display (2) below a touch panel (1),
in which an upper polarizer (8) 1s disposed on an upper
5 surface of a transparent touch panel {1l) in which an upper
optical phase difference film (4) and a lower optical phase
difference film (6) are disposed with a space layer (7)
interposed therebetween, the upper optical phase difference
film (4) serving to give'a phase delay of a 1/4 wavelength
10 to incident light of a center wavelength within a wvisible
region and having a movable electrode portion (3) on a lower
surface thereof, and the lower optical phase difference film
(6) serving to give a phase delay of a 1/4 wavelength to the
incident light of the center wavelength within the visible
15 region and having a stationary electrode portion (5) on an
upper surface thereof; and

a lower polarizer (9) 1s disposed on a lower

surface of the liquid crystal display (2),
wherein an angle formed by an optical axis of the upper
20 optical phase difference film (4) and a polarization axis of
the upper polarizer (8) is about 45°, an angle formed by an
optical axis of the lower optical phase difference film (6)
and linearly polarized light that is to be outputted from a
device surface out of linear polarization emitted from the

25 liquid crystal display (2) is about 45°, an angle formed by
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the optical axis of the upper optical phase difference film
(4) and the optical axis of the lower optical phase
difference €film (6) 1s about 90°, and wherein an angle
formed by the polarization axis of the upper polarizer (8)
5 and linearly polarized light that is to be outputted from
the device surface out of linearly polarized light emitted
from the liquid crystal display (2) is 90°.
2. A touch-input type liquid crystal display device
according to Claim 1, wherein the stationary electrode
10 portion (5) 1is formed directly on the lower optical phase
difference film (6).
3. A touch-input type liquid crystal display device
according to Claim 1, wherein a glass substrate (11) having
optical isotropy 1s disposed Dbetween the stationary
15 electrode portion (5) and the lower optical phase difference
film (6), and the stationary electrode portion (5) is formed
directly on the glass substrate (l11l) having optical isotropy.
4, A touch-input type liquid crystal display device
according to Claim 1, wherein an optically isotropic film
20 (L2) 1is disposed between the stationary electrode portion
(5) and the lower optical phase difference film (6), and the
stationary electrode portion (5) 1s formed directly on the
optically isotropic film (12).
5. A touch-input type liquid crystal display device

25 according to Claim 2, wherein both the upper optical phase
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difference film (4) and the lower optical phase difference
film (6) have a thermal deformation temperature of not less
than 150°C.

6. A touch-input type liquid crystal display device
according to Claim 2, wherein both the upper optical phase
difference film (4) and the lower optical phase difference
film (6) have a thermal deformation temperature of not less
than 170°C.

7. A touch-input type liquid crystal display device
according to Claim 3, ‘wherein the upper optical phase
difference film (4) has a thermal deformation temperature of
not less than 150°C.

8. A touch-input type liquid crystal display device
according to Claim 3, wherein the upper optical phase
difference film (4) has a thermal deformation temperature of
not less than 170°C.

9. A touch-input type liquid crystal display device
according to Claim 4, wherein both the upper optical phase
difference film (4) and the optically isotropic £film (12)
have a thermal deformation temperature of not less than
150°C.

10. A touch-input type liquid crystal display device
according to Claim 4, wherein both the upper optical phase
difference film (4) and the optically isotropic film (12)

have a thermal deformation temperature of not less than

F
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$10%M&I()_01?. A touch-input type liquid crystal display device
according to any one of Claims 1 to 10, wherein a
transparent resin plate (16) having optical isotropy is
5 disposed between the transparent touch panel (1) and the
liquid crystal display (2).
12. A touch-input type liquid crystal display device
according to Claim 4, 9 or 10, wherein a transparent resin
plate (16) having optical isotropy 1is disposed between the
10 optically isotropic film (12) and the lower optical phase
difference film (6).
13. A touch-input type liquid crystal display device
according to any one of Claims 1 to 12, wherein a thickness
of the upper optical phase difference film (4) is not less
15 than 50 pm and not more than 150 um.
14. A touch-input type liquid crystal display device
according to any one of Claims 1 to 13, wherein either one
of a member on which the stationary electrode portion (5)
has been directly formed and the liquid crystal display (2);
20 and all of the stationary electrode portion-directly-formed
member and the liquid crystal display and a member disposed
between the stationary electrode portion-directly-formed
member and the liquid crystal display are adhesively bonded

overall by a transparent adhesive layer or a transparent re-

25 peel sheet.
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5 surface of the upper polarizer (8).
1l6. A touch-input type liquid crystal display device
according to Claim 15, further comprising a low-reflection
processed layer (23) on an upper surface of the transparent
film (22) laminated on the upper surface of the upper
10 polarizer (8).
17. A touch-input type liquid crystal display device
according to Claim 15, further comprising an antifouling
processed layer (24) on an upper surface of the transparent
film laminated on the upper surface of the upper polarizer
15 (8) .
18. A touch-input type liquid crystal display device
according to Claim 15, further comprising a hard coat
processed layer (25) on an upper surface of the transparent
film laminated on the upper surface of the upper polarizer
20 (8) .
19. A method for fabricating a touch-input type liquid
crystal display device having a iiquid crystal display (2)
below a touch panel (1), wherein in the liquid crystal
display device, an upper polarizer (8) 1is disposed on an

25 upper surface of a transparent touch panel (1) in which an
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upper optical phase difference film (4) and a lower optical

phase difference film (8) are disposed with a space layer

(7) interposed therebetween, the upper optical phase
difference film (4) serving to give a phase delay of a 1/4

5 wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion (3) on

a lower surface thereof, and the lower optical phase
difference film (6) serving to give a phase delay of a 1/4
wavelength to the incident light of the center wavelength

10 within the visible region and having a stationary electrode
portion (5) on an upper surface thereof; and a lower
polarizer (9) is disposed on a lower surface of the liquid
crystal display (2); wherein an angle formed by an optical

axis of the upper optical phase difference film (4) and a

15 polarization axis of the upper polarizer (8) is about 45°,
an angle formed by an optical axis of the lower optical

phase difference film (6) and linearly polarized light that

is to be outputted from a device surface out of linear
polarization emitted from the liquid crystal display (2) 1is

20 about 45°, an angle formed by the optical axis of the upper
optical phase difference film (4) and the optical axis of

the lower optical phase difference film (6) is about 90°,

and wherein an angle formed by the a polarization axis of

the upper polarizer (8) and linearly polarized light that is

25 to be outputted from the device surface out of linearly
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polarized light emitted from the liquid crystal display (2)

is 90°,
the method comprising:
obtaining a movable-side sheet by, after
5 performing a heat treatment for removal of residual

solvents 1in film material of the wupper optical phase
difference film (4), forming a transparent electrically
conductive film for the movable electrode portion (3)
directly on the film material, and after performing a heat

10 treatment for reducing dimensional errors involved in
formation of leads, fofming leads of the movable electrode
portion (3), and further performing a heat treatment for
curing of binder of ink with which the leads have been
formed, as well as for removal of solvents of the ink,

15 obtaining a stationary-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of the lower optical phase
difference film (6), forming a transparent electrically
conductive film for the stationary electrode portion (5)

20 directly on the film material, and after performing a heat
treatment for reducing dimensional errors involved in
formation of leads, forming leads of the stationary
electrode portion (5), and further performing a heat
treatment for curing of binder of ink with which the leads

25 have been formed, as well as for removal of solvents of the
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laminating together the movable-side sheet and
the stationary-side sheet;

then laminating the upper polarizer (8) on an
upper surface of the upper optical phase difference film (4)
of the movable-side sheet and thereafter performing a
pressure degassing process; and

laminating together the stationary-side sheet
with the liquid crystal display.
20. A method Zfor fabricating a touch-input type liquid
crystal display device having a liquid crystal display (2)
below a touch panel (1), wherein in the 1liquid crystal
display device, an upper polarizer (8) is disposed on an
upper surface of a transparent touch panel (1) in which an
upper optical phase difference film (4) and a lower optical
phase difference film (6) are disposed with a space layer
(7) interposed therebetween, the upper optical phase
difference film (4) serving to give a phase delay of a 1/4
wavelength to incident light of a center wavelength within a
visible region and having a movable electrode portion (3) on
a lower surface thereof, and the lower optical phase
difference film (6) serving to give a phase delay of a 1/4
wavelength to the incident light of the center wavelength
within the visible region and having a stationary electrode

portion (5) on an upper surface thereof; and a lower
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phase difference film (6) and linearly polarized light that
is to be outputted from a device surface out of linear
polarization emitted from the liquid crystal display (2) is
about 45°, an angle formed by the optical axis of the upper
10 optical phase difference film (4) and the optical axis of
the lower optical phase difference film (6) is about 90°,
and wherein an angle formed by the polarization axis of the
upper polarizer (8) and linearly polarized light that is to
be outputted from the device surface out of linearly
15 polarized light emitted from the liquid crystal display (2)
is 90°,
the method comprising:
obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
20 solvents in film material of the upper optical phase
difference film (4), forming a transparent electrically
conductive film for ¢the movable electrode portion (3)
directly on the film material, and after performing a heat
treatment for reducing dimensional errors involved 1in
25 formation of leads, forming leads of the movable electrode
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formed, as we as for removal of solvents of the ink:
laminating together the movable-side sheet and
the stationary-side sheet;
then, laminating the upper polarizer (8) on an
upper surface of the upper optical phase difference film (4)

15 of the movable-side sheet and thereafter performing a

pressure degassing process; and

laminating together the stationary-side sheet
with the liquid crystal display with the lower optical phase
difference film (6) interposed therebetween.

20 21. A method for fabricating a touch-input type liquid
crystal display device having a liquid crystal display (2)
below a touch panel (1), wherein in the 1liquid crystal
display device, an upper polarizer (8) 1is disposed on an
upper surface of a transparent touch panel (1) in which an

25 upper optical phase difference film (4) and a lower optical
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10 portion (5) on an upper surface thereof; and a lower
polarizer (9) is disposed on a lower surface of the liquid
crystal display (2), wherein an angle formed by an optical
axis of the upper optical phase difference film (4) and a
polarization axis of the upper polarizer (8) is about 45°,
15 an angle formed by an optical axis of the lower optical
phase difference film (6) and linearly polarized light that
is to be outputted from a device surface out of linear
polarization emitted from the liquid crystal display (2) 1is
about 45°, an angle formed by the optical axis of the upper
20 optical phase difference film (4) and the optical axis of
the lower optical phase difference film (6) is about 90°,
and wherein an angle formed by the a polarization axis of
the upper polarizer (8) and linearly polarized light that is

to be outputted from the device surface out of linearly

25 polarized light emitted from the liquid crystal display (2)
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e method comprising:
obtaining a movable-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of the wupper optical phase
difference film (4), forming a transparent electrically
conductive film for the movable electrode portion (3)
directly on the film material, and after performing a heat
treatment for reducing dimensional errors involved in
formation of leads, forming leads of the movable electrode
portion (3), and further performing a heat treatment for
curing of binder of ink with which the leads have been
formed, as well as for removal of solvents of the ink,
obtaining a stationary-side sheet by, after
performing a heat treatment for removal of residual
solvents in film material of an optically isotropic film
(12), forming a transparent electrically conductive film
for the stationary electrode portion (5) directly on the
film material, and after performing a heat treatment for
reducing dimensional errors involved in formation of leads,
forming leads of the stationary electrode portion (5), and
further performing a heat treatment for curing of binder of
ink with which the leads have been formed, as well as for
removal of solvents of the ink,

laminating together the movable-side sheet and
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surface of the upper optical phase difference film (4) of
the movable-side sheet and thereafter performing a pressure
5 degassing process; and
laminating together the stationary-side sheet
with the liquid crystal display with the lower optical phase
difference film (6) interposed therebetween.
22. A method for fabricating a touch-input type
10 liquid crystal display device according to any one of Claims
19 to 21, wherein the heat treatment for removal of the
residual solvents in the film materials is performed at a
temperature of not less than 150°C,
23. A method for fabricating a touch-input type
15 liquid crystal display device according to any one of Claims
19 to 22, wherein the heat treatment for reducing
dimensional errors involved in the formation of the leads
is performed at a temperature of not less than 100°C and
less than 130°C.
20 24, A method for fabricating a touch-input type
liquid crystal display device according to any one of Claims
19 to 23, wherein the heat treatment for curing of the
binder of the ink with which the leads have been formed, as
well as for removal of the solvents of the ink is performed

25 at a temperature of not less than 100°C and less than 150°C.
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25. A method for fabricating a touch-input type
liquid crystal display device according to any one of Claims
19 to 24, wherein the pressure degassing process 1is
performed at 40 - 80°C and 4 - 9 kg/cm® for 10 - 120 minutes.
26. A method for fabricating a touch-input type
liquid crystal display device according to any one of Claims
19 to 25, wherein electrode-routed portions are
preparatorily provided 1in either one of the movable
electrode portion (3) and the stationary electrode portion
(5), and after laminating together the movable-side sheet
and the stationary-side sheet, and pressed against and
adhered toc a connector (40) via an anisotropic conductive
adhesive at a temperature of not less than 120°C and less

than 170°C.



