DESCRI PTI ON LI QUI D CRYSTAL DI SPLAY DEVI CE OF TOUCH I NPUT TYPE AND I TS
FABRI CATI NG METHOD 5 Technical Field The present invention relates to a
liquid crystal display device of a touch input type, as well as its
fabricating nmethod, which is high in contrast and high in visibility by

vittue of its capability of suppressing 10 -reflected |ight of
fluorescent lanps or the like indoors, and I ef | ect ed | i ght due to external
| ight outdoors. The present invention also relates to a liquid crystal

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 reflected | PEREREPTIONor escent | anps or the |ike
i ndoors, and reflected |ight due to external |ight outdoors and noreover
whi ch is superior inlLdQPTRc ERISTADI IRESPIAYD P t el TOTFHMINRUT e
absorption into its ugge;Aﬁorarizer. 20 . Background Art Conventionally,
there has been provi d€8EaANBUERS FABRICATENG |IMETH@D crystal di splay device

in which a liquid crystal display 2 is provided under a transparent touch
panel 1, the transparent touch panel 1 having a novabl e-side 25 sheet 20
and a stationary-side sheet 21 disposed wth a

5 Technical Field '

The present invention 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 wvirtue of its caﬁability of suppressing

10 reflected light of fiuorescent 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 wéll 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 light outdoors and moreover which is
superior in surface durability and prevented from moisture
absorption into'its ubper polafiZer.

20 Background Art |

Conventionally, there has been provided a touch-
input type liquid crystal display device in which a liquid
crystal display 2 is provided under 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



2 space layer 7 interposed therebetween, and in which an upper polarizer 8
and. a |l ower polarizer 9 are disposed on the upper and | ower surfaces of the
liquid crystal display 2 (see Fig. 17). 5 There has also
been provided a liquid crystal display device ..in which the upper
pol.arizer 8 is not provided on the upper surface of the liquid crystal
di splay 2 but provided on the upper surfacé of the novabl e- si de 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
devi ce having the above constitution, in such places as a roomw th a
fluorescent [SRAFSELYEY Jhdwtesrposieg thergbefnesnt dabd phackick ahowppen
Fig. 20, when 15 ~ input work is done by a pen 503 or 501 into a portable
personal conPRlerizer of Boc: adl dowernipalankder 580 drevi dijsposedcion nphe
type liquid crystal display device, the display screen would be quite hard
to view becawpest ame dewesctswnfasfed i gfit the tWonpidicesysbat kidispd.agn 2
interface between a 20 space | ayer of the transparent touch panel 1 of
the |iquid crigsealFigi.sgl7ay devi ce and a stationary el ectrode portion set on
t he upper surface of the stationary-side sheet and anot her being the
upper nost surface of themeanbpar entsd obelenpaprdvidedhea r ddgandofct{stal s
that at the passage of I|ight
display device ..in which the upper polarizer 8 . is not
provided on the upper surface of the liquid crystal ‘display’
2 but provided on the upper surface of the movable-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 1liquid -
crystal display device having the above constitution,  in
such places as a room with a fluorescent lamp 504 as shox;vn
in Fig. 19 or an outdoor place as shown in Fig. 20, when

15 input work is 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 another of



25 fromone nediumof |lower refractive index to another of

enough. Accordingly, an object of the present invention,is to

3 hi gher
refractive index, the larger the difference between those refractive
indices is, the nore the reflection of light occurs at the interface. In
the case of the constitution in which the upper 5 pol arizer 8 is

di sposed on the upper surface of the novable- side sheet 20 of the
transparent touch panel 1, indeed a met hod3of preventing reflected |Iight by
form ng the upper surface of the upper polarizer 8 into a satin finish
state is also available, but reflected Iight cannot be suppressed 10

provi de a

| iguid crystéPQﬂ%ﬁﬂ%ﬁﬁ?ﬁﬁﬁ%%?cﬁn@F¥ouEﬁe AFdoety pere adifprense; between

fabricating nmethod, which is lowin reflection, high in contrast,

in visibili t)F}{R?@n FﬁfISCtlvgud’r?qﬂ-IG&seslﬁs i oML t Bhe| e

and hi gh

fekeatrion amfs

or the like and _outdoors, by solving the above-described issues. Disclosure

O I nvention 4ighdr @sicurs aghitbeeinberipeoe obj ect, the present i nventi on
has the follow ng constitutions. 20 Accor di ng a first

aspect
type

of
liquid
gl

10

the preserin theesaisenof ther eonisitytdondda Walpbu@helupper
polarizer 8 is disposed on the upper surface of the movable-
side sheet 20 of the transparént touch panel 1, indeed a
method of preventing .reflected light by forming the upper
surface of the upper polarizer 8 into a satin finish state
"is also available, but reflected light cannot be suppressed
enough. |

Accordingly, an object of the present iﬁvention is

to provide a' liquid crystal display device of a touch input

- type, as well as its fabricating method, which is low in

15

20

25

reflection, high in contrast, and high in visibility even in
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.

Accofding to a first aspect of the present
invention, there is prdvided a touch-input type liquid
crystal display device having a liquid crystal display below
a touch panel, iﬁ which an upper polarizer is disposed on an
upper surface of a transparent touch panel iﬁ which an upper

optical phase difference film and a lower optical phase



crystal display device having a liquid crystal display below a touch panel,
i n_which an upper polarizer is disposed on an upper surface of a
transparent touch panel in which an upper 25 opti cal phase difference
filmand a | ower optical phase 4 difference filmare disposed with' a
space | ayer interposed therebetween, the quer optical phase difference
filmserving to give a phase delay of "a 1/4 wavelength to incident
light of a center wavelength within a visible 5 region and having a
novabl e el ectrode portion on a. |ower surface thereof, and the | ower

optical phase difference filmserving to give a phase delay of a 1/4

wavel engt h t@ifferenee déhdm ot drsROReL it RaBPASHytIRYRE nintergosed
visible region and having a stationary el ectrode portion on an upper 10
surface t her Eberehatweeronekhfol ¥PPeEr oPtdicdos Rhasie a dihkarensg ackibn
the liquid crystal display, wherein an angle formed by an optical axis of

t he upper opSeE@inghdse diiffeer ancehapem @ebed of ard zavdonvwaxesengtihhetds
upper polarizer is about 45[err], an angle forned by an optical axis of the
| onwer opti cainpghdert di¥ighteneof f &l neemtbieri maweenofitar Wishini gat vhaible to

be outputted froma device surface out of |inear polarization emtted from
the 1ighid 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 tﬁe-
incident light of the center wavelength within the visible
region and_having'a stationary electrode portion on an' upper
10 surface thereof; and

a lower polarizer is disposed on a lower surface

of the liquid crystal display,
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 opticals
.axis of the lower optical phase difference film and linearly
polarized' light that is 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 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
axis of the upper polarizer and linearly polarized light-
that is to be outputted from the device surface out of

25 linearly polarized light emitted from the 1liquid crystal



crystal display is about 45[err], an angle fornmed by the optical 20 axi s
of the upper optical phase difference filmand the optical axis of the
| ower optical phase difference filmis about 90[err], and wherein an angle
formed by the polarization axis of the upper polarizer and linearly
pol.arized light that is to be outputted fromthe device surface out of 25
linearly polarized light emtted fromthe ﬁiquid crystal display is
90[err]. According to a second aspect of the present invention, there is
provi ded a touch i nput type liquid crystal display device according to the
first aspect, wherein.the stationary electrode portion. is forned
directly on Fhéﬂﬂ@Wbﬂsoﬁpleal phase difference film According to a
third aspect of the present invention, there is provided a
touch-input  type |iqgdiarandisial todi §p|§?C0@dV|@§pe§¢coodlnghetoprebent
first aspect, 10 wherein a glass substrate having optical
i sotropy is ldlvﬁi’cts@dlrbefcm t hé spuevodedy 2| dmualddinportt i cypandlibeid
| oner optical phase difference film and the stationary electrode
portion is fenysdadi r ddspbyayn dewigkasscsabdingt etbavihg opirsal aspeebpy.
15 According to a fourth aspect -of the present
invention, twaerein mhevistedinrany elieghrodey podtiigni dis formed directly
on .the lower optical phase difference film.

According .to a third aspect of thé. present
invention, there is provided a touch-input type 1liquid
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 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 is 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 fhe lowef optical phase

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



crystal display device according to the first aspect, wherein an optically
isotropic filmis disposed between the stationary el ectrode portion and the
| ower optical phase 20 difference film and the stationary el ectrode
portion is forned directly on the optically isotropic film According to a-
fifth aspect of the present invention, there is provided a touch-input type
| iquid crystal display device according to%he second aspect, 25 wher ei n
bot h the upper optical phase difference filmand the 6 | ower optical
phase difference film have a thernal deformation tenperature of not

| ess than 150[err] C. According to a sixth aspect of the present invention,
there is provRE a PBEER2LnpRhaSEHe 41 fferenre Eiyst alhaws sphay theewiade
according to_  the second aspect, wherein both the upper opti cal phase

di fference fidekumpiinn tamreragmre f noadessdithhar 8R68C.film have a.
thermal deformation tenperature of not less than 170[err]C. According to a
seventh aspect of t peedbng 1bo .ai ngbnthonaspetbr eofi stheovpdedena
touch-input type liquid crystal display device according to the third
aspect, wher einventonupgdrereptiiscapropiided di f teuemeinpit | mygeas 1igquid
thermal deformation tenperature of not |ess than 150[err] C.

5 crystal display device according to. the second aspect,
wherein both the upper optical phase difference film and the
lower optical phase difference film - have a. thermal
deformation temperature of not less than 170°C.

According to a seventh aspect of the present
10 . invention, -there is 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 150°C. .-
According to an eighth aspect of the present
15 invention, there is 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 is provided a touch-input type liquid
crystal display device according to the fourth aspect,
wherein both the upper dptical 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



According to an eighth aspect of the present 15 invention, there 1is

prov

| ded

a touch-input type liquid crystal display device according to

the third aspect, wherein the upper optical phase difference filmhas a

t her

mal deformation tenperature of not

ni nat h aspect of the present 20 i nvention, there 1is provided a

t ouch-i nput

aspe

optically
| ess than 150[err] C. 25 ] . _
pr eddtention, n&erieonist herevidedr /i dechiopels- | Gpne tYpeuid
liquid crystal display device according to the fourth aspect, wherein both

not
of.

type liquid crystal display devi ce according to the fourth

ct, wherein both the upper optical phase difference filmand the

t he

isotropic film have a thermal deformation tenperature of
According to a 10th aspect

| ess than 170[err]C. According to a

t he upper optG¥sitaghadésnilpyerdevice i |areardlime &oti Ehel yfousthr opspect | m

have

10

a

thermal deformation 5 tenmperature of not |less than 170[err]C.
Accor di ng t o whereithbedbedheotippies ppédeal Phaseatdbfiferenes ef ilm pardi thes

t ouch-i nput
the first toobpilsaldypecisqtrapiiar ei Ailm

type |liquid crystal display device according to any one of

optical isotropy is disposed between the transparent touch

5

10

15
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25

temperature of not less than 170°C. -

According to an 1lth aspect of the present.

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

crystal display device according to any one of the first to

10th aspects, wherein a transparent resin plate having

- optical isotropy is disposed between ‘the transparent touch

‘panel and the liquid crystal display;

According to ‘a 12th aspect of the present
-invention, there is provided a touch-input type  liquid
-crystal display device according to the fourth, ninth, or
10th aspecf, 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 is 'provided a touch-input type 1liquid
crysfal display device according to any one of the firét to
12th aspects, wherein a thickness of the upper optical phase
difference film is not less than 50 pum and not more than 150
pm.

According to a 14th aspect of the present

invention, there is provided a touch-input type liquid

thearespad enttheresiln plefermataddmg

a



panel and the liquid crystal display. According to a 12th aspect of the
present invention, there 1is provided a touch-input type Iliquid crystal
di spl ay device according to the fourth, ninth, or 15 10t h aspect,
wherein a transparent resin plate having optical isotropy is disposed
between the optically isotropic filmand the | ower optical phase difference
film According to a 13th aspect of the pr%sent I nvention, there is

provi ded 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 filmis not less than 50 [err] and not nore than
150 [err]. ASEYSderg HSPdaysdevisse@Ccording fresdit ars of jfhenfivat to
there is provided a touch-input type liquid 8 crystal display

devi ce accor didtd taSRaRtonakgreine ﬂ’é,@?rt@n%ﬂf s peerberwoor eflriah t hbe
one of a nenber on which the stationary el ectrode portion has been directly
formed and tg&atiiogary <keahingde dpeptign hasd befd difecthy foiratdconang 5

el ectrode portion-directly-formed nenber and the |liquid crystal
di spl ay and &hsenbéaudidspesestabt wiaplaw steadi ordly efecthedestationary
portion-directly-formed nenber and. the liquid

5 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
érystal 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 is provided a touch-input type. liquid
crystal display device according to any one of the first to
14th aspects, wherein a transparent film :low in moisture
permeability and superior in dimensional stability is
15 laminated on an upper surface of the upper polarizer.
According to a 16th aspect of the present
invention, thefe is provided a touch-input type 1liquid
crystal display device according to the 15th aspect, further
comprising a low-reflection processed layer on an upper
20 surface of the traﬁsparent 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 1liquid-
crystal display device according to the 15th aspect, further

25 comprising an antifouling processed layer on an upper



ckystal display are adhesively bonded overall by a transparent

adhesi ve |l ayer or a transparent re-peel sheet. 10 . Accor di ng

to a 15th aspect of +the present invention, there is provided a
touch-input type |liquid crystal display device according to any one of
the first to 14th aspects, wherein a transparent filmlow in noisture
perneability and superior in dinensional stability is 15 - |am nated on an.

upper surface of the upper polarizer. According to a 16th aspect of the
present invention, there is provided a touch-input type liquid crystal

di spl ay device cording {o the 15th aspect,, further conprising a
| omeref | ecti Gitt s?gd #E?ertEﬁpéﬁﬁ for Hdm &éﬂiPaEéd ot Hhe upper

t ranspar ent fiéﬁn | ami nated on the wuypper surface of the upper polarizer.
According tFUHacE &PPeroPolagd zehresent invention, there is
provided a touch-input txpe' liquid crystal display device according to
the 15th aspect, furthd¥CBFAINGE ok i sty 18R anpsPeetl i 0§ ~ phecepresent
| ayer on an upper 9 surface of the transparent filmlamnated on the
upper surf aceEXHONppERSES| ai-FzeProREded di g taushdmputst i ypespddguids
the present invention, there is provided a touch-input type Iiquid.
5 crystal display device according to the 15th aspect, further
comprising a hard coat processed layer on an upper surface
of the transparent film laminated on the. upper surface of ..
the upper polarizer.
According to a. 19th aspect of the present
10 invention, there is 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 wupper polarizer is
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 interposed therebetween, the upper 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 light of the center wavelength-

within the visible region énd having a stationary electrode

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



5. crystal display device according to the 15th aspect, further
conprising a hard coat processed |ayer on an upper surface of the.
transparent filmlam nated on the upper surface of the upper polarizer.
According to a. 19th aspect of the present 10 invention, there
I's.provided a nethod for fabricating a tou $-input type liquid crystal
di spl ay device having a liquid crystal dis% ay bel ow 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 15 whi ch an upper
optical phase difference filmand a | ower optical phase difference filmare
di sposed wit ASa SHEPeSPHyePni i erdRIEU VT wedn, thee Lpgeidoperystal
phase difference filmserving to give a phase delay of a 1/4 wavelength to
i nci dent | i gRtSBRaY/ cdhesrina® angtle Wiermed dopoan optirple axigi of atie
having a novabl e el ectrode portion on a lower surface thereof, and the
| oner opti cHPPephaPEigais P%éﬁ@e diifiference dglmo agidv @ pplasizaitlay afis
1/4 wavel ength to the incident |ight of ‘the center wavel ength within the
visibl e regi 6 &he WPBerg relanitzesnarsy abeet réde, 28n angdet fommed &y upper
surface thereof; and a |ower polarizer 10 is disposed on a | ower surface
of the Piqui @PEigalapxis of the lower optical phase difference film and
linearly polarized light that is 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 ‘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



di spl ay; wherein an angle fornmed by an optical axis of the upper optical
phase difference filmand a polarization axis of the upper polarizer is
about 45[err], an angle forned by an 5 optical axis of the |ower optical
phase difference filmand linearly polarized light that is to be outputted
from a device surface out of |inear polariaﬁéion emtted fromthe liquid
crystal display is about 45[err], an angle rmed by the optical axis of

t he upper optical phase difference filmand 1.0 . the optical axis of the

| ower optical phase difference filmis about 90[err], and wherein an
angle forned, Dby axis, of the upper polarizer

.fhe _a polarization
and |inearl ylrblﬁl‘%’H'F{Z]eEffhl’-Fg‘httr:}l’(enai]te.a}‘gs tR2ve Baepufesdedy os mekkevagefor

surface out of Iinearlé pol ari zed lLight emtted fromthe 15 liquid
crystal di splZ5P9e bpersPLlvenes i@t nblde cbdbrising: obtaining a
novabl e- si de sheet by, after performing a heat treatnment for renoval

of residual solvents irPRF2iiRgerpral Rtlpaagypeidgpt isheletphdese 20after
di fference film  formng a . transparent electrically conductive
fil'mfor the RRAEMIRLIRG ec@r oBeaor ttired taiendct |5pTon ¥¢rov¥al m afit ertaliduahd
after performng a heat treatnment for reducing dinensional errors involved
in formetion STV, ifor Ridg | daderdplt hefhokhel e leweet r odtipatt i phasand -

25 further performng a heat treatnment for curing of binder of
difference film, = forming a transparent - electrically

conductive film -for .the stationary -electrode portion
directly on the film material, and after performing a heat
treatment - for .reducing dimensional- errors - involved in
10 + formation - of leads, forming 1leads of  the stationary
electrddenportion, and fﬁrther performing ‘a heat treatment
for curing of binder of ink with which the leads have been
formed, as welllas for removal of solvents 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 laﬁinating together. the stationary—side sﬁeet
with the liquid crystal display.
.According to a 20th aspect of the present
invention, there is 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



ink with which the | eads have been formed, as well as for renoval of

sol vents of the ink, obtaining a stationary-side sheet by, after
perform ng a heat treatnment for renoval of residual 5 solvents in film
material of the Ilower optical phase difference film form ng a
transparent electrically conductive film for the stationary

el ectrode portion directly on the filmnmet%erial, and after performng a
heat treatment for reducing dinmensional errors involved in 10 formation
of leads, formng leads of the stationary electrode portion, and
further performng a heat treatnment for curing of binder of ink with which
the | eads hakédpéeén £e¥abdl adigpleyasde¥iceenpddl &PPSS vaflawizahe gk,
| am nating together the novable-side sheet and 15 t he stationary-side

sheet; then tiasPesednontae wpper Parface«af on LranfRareniurfaich gandle impper
optical phase difference film of the novabl e-si de sheet and thereafter _
perforni ng awpiebsane werpissopgipadcadwseandifberence film andami nweny
together the stationary-side sheet with the liquid crystal display.
Accordi ng toopt26ah xdpest diffbcepceschitln narat i dispededt e widhpr avisiata
met hod for fabricating a touch-input type liquid crystal display device
havi ng & 25 layérquintergssed dilsgttehetvetay a tthouchigmarel opitieral n phadde
- difference film serving to give a phaée. delay of a 1/4
‘wavelength to incident light of a center wavelength within a
visible region and having a movable electrode po;tioh on a
lower surface thereof, and the lowe: optical phase
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 light that is to be outputted from- a device
20 surface out of.lihear 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 axis of the upper polarizer and linearly polarized light



12 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 filmand a | ower optical phase difference filmare disposed
with a space 5 | ayer interposed therebetween, the wupper optical
phase difference filmserving to give a ph&ﬁe. delay of a 1/4 wavelength to
I ncident |ight of a center wavel ength withird a vi sible region and having a
noyabl e el ectrode portion on a | ower surface thereof, and the | ower
optical phase 10 difference filmserving to give a phase delay of a 1/4
wavel engt h tg the jncident light of the center wavelength. within the
visibl e regi SR3ndRafihgPs SutRWHed Lremy (e Fevicen swriacepsait of
surface thereqf; and a |lower polarizer is disposed on a |ower surface of
the Iiquid clyBearlyi pRigrized lighd cepibkedndironr okhed Whaudd oprissal
axi s of the upper optical phase difference filmand a polarization axis of
the upper poPasP2ay i§ 8Bout 45[err], an angle formed by an optical axis of
the | ower optical phase difference filmand linearly polarized |light that
is to be outputted frorkhg dekhed gomprisinbace out of |inear polarization
emtted fromthe liquid crystal display is about 45[err], an angle forned
by the 8ptical axis of obtt@imimer ot i caiovpbhdsesddef er sheetfi llnyand afieer

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
10 - 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
15 removal of solvents of the ink,
obtaining a stationary-side sheet by forming a
trahsparent electrically cqnductive 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 éuring of
binder of ink with which the leéds 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



optical axis of the | ower optical phase difference filmis about 90[err],
and wherein an angle forned by the polarization 25 axi s of the upper

pol ari zer and linearly polarized |ight 13 that is to be outputted from

t he device surface out of linearly polarized light emtted fromthe liquid
crystal display is 90[err], the nethod conprising: 5 obt ai ni ng
a novabl e-si de sheet by, after perfofmng a heat treatnent for
repoval  of residual solvents in film material of the wupper optical
phase difference film form ng a transparent electrically
conductive filmfor the novabl e el ectrode portion directly 10 on the
film materi alSURFarer ther fRRAm PRt ek Phase ndAffesenpedfdilig of the

di nensi onal errors involved in formation of |eads, formng | eads of the
novabl e el ecTFPLSotiden, shaatt LlRRGerthrgafthhg Penfermimeatmenressnre
curing of binder of ink wth which the | eads have been forned, as well as
for 15 r efARERSSINIs BIrPerEs/ofbhe i nk, obtaining a stationary-side sheet
by form ng a transparent electrically conductive filmfor the stationary

el ectrode portion diredtaninating asegetiver r atkehastagioparyasidsot shpyt

form ng | eads of the stationary el ectrode
- with the liquid crystal display with the lower optical phase

difference film interposed therebetween.
According to a 21st. 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 lowér.
optical phase difference film are disposed with a space
15 layer interposed therebetween, the upper 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 opticél' phase
20 difference film serving to givé 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,

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



20 portion, and performng a heat treatnment for curing of binder of
I hk with which the | eads have been forned, as well as for renoval of
solvents of the ink; |lam nating together the novabl e-si de sheet and the

stationary-si de sheet; 25 then, lam nating the upper
pol-ari zer on an upper 14 surface of the gpper optical phase difference
filmof the novabl e-si de sheet and thereaf ter perform ng a pressure

degassi ng process; and | am nating together the stationary-side sheet 5

with the liquid crystal display with the | ower optical phase difference
filminterposed therehetween. According. to a 21st  aspect of the
present i nverfBtotal § Jdiffsreass égéﬁtﬁﬂé ﬁopoﬂéﬁﬁﬁégipﬁgaélﬁogéhthﬁput
‘type-liquid crystal display device having a 10 liquid crystal display
bel ow a t oucPEREFeIPOIdErzaHh 15 abRul i 4Rid arr3gle feAmed ayy eevepbicain
upper polarizer is disposed on an upper surface of a transparent touch
panel - i n whi @%igh Afpfdie devetalontigsad @heser daééerenaeafiilln andetiveartyl
phase difference filmare disposed with a space 15 | ayer interposed

t her ebet ween Pokatd zaghpdd ghpt Feat hade dgﬁf evetprtfed mfvemyi g devicee a

phase delay of a 1/4
5 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 a pblarization

10 . 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 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_-iﬂ film material of the upper optical phase
difference film, forming a _transparent electrically
conductive film for the movable electrode portion directl?

20 on the film méterial, and after.performing a heat.treatmént
for reducing dimensional errors involved in formation of
_leadé, 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 forméd, as well as for

25 removal of solvents of the ink,



wavel ength to incident |light of a center wavelength within a visible region
and having a novabl e el ectrode portion on a |lower surface thereof, and
the lower optical phase 20 difference filmserving to give a phase
delay of a 1/4 wavelength to the incident |ight of the center wavel ength
within the visible region and having a stafionary el ectrode portion on an
upper surface thereof; and a | ower polariz P is di sposed on a | ower surface
of the liquid crystal display, 25 wherein an angle formed by an optical
axis of the upper 15 optical phase difference filmand a pol arization
axis of the upper polarizer, is about 45[err], an angle forned by an ogtical
axis of the lower opti CRtFIAEIY didfeFEALEORATYTSIAC | | BREPFY Boisari 2BBer
light that is to be outputted froma device 5 surface out of linear
pol ari zat i on RERTOIBEF ot t Heedt quiBeeFReREl dP5pl dpmoyadborf 45Fesifiuain
angle forned by the optical axis of. the upper optical phase difference
filmand the Sogvieass a0 sfbimtnateshal oft iaml ophicallyf isodropifd | fils,
about 90[err], and wherein an angle forned by the a polarization 10 . axis
of the upper fosmdmiozer tirrnspaikent yepetbricallyi gandupbivei Sitlm ior the
outputted fromthe device surface out of linearly polarized light emtted
fromtheé |igsitéetdopsirsl ediestirods pogtjieny 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, and further
performing a heat treatment for curing of binder of ink
10 with which the ‘leads have been formed, as well as for
. removai 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 21st aspects, wherein the heat

25 treatment for removal of the residual solvents in the film



t he met hod conprising: 15 obt ai ni ng a novabl e-side
sheet by, after performng a heat treatnent for renoval of residual
solvents in filmmterial of the upper optical phase difference film
form ng a transparent electrically conductive filmfor the novable
el ectrode portion directly 20 on the filmmaterial, and after performng
a heat treatnent for reducing dinensional t¥rors involved in formation of
| eads, form ng | eads of the novable el ectrode portion, and further
perform ng a heat treatnment for curing of binder of ink with which the
| eads have been fornmed, as well as for 25 removal of solvents of the
i nk, 16 obgkefiads as sparfonaeg Ftdea Semmerapure aft motpekdss nthana
heat treatnent Lor renmoval of residual solvents in filmmterial of an
optically isabPofi-c film forming a transparent electrically conductive
filmfor the 5 stationary electrode portion directly on the film .
material, * and after pecbaddiingg dchead tZ3ndneaspkot reducitise di preasénbal
errors involved in formation of |eads,. form ng | eads of the stationary
el ectrode poitventiand ftheher i's pprévidedg & hedhotr efdrerfabirdicatiihignga of
bi nder of ink 10 Wi th which the | eads have been fornmed, as well as
for 5 touch-input type liquid crystal display device according to
any one of the 19th to 22nd aspects, 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.

10 o . According to a 24th 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 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 is performed at a temperature of not
less than 100°C and less than 150°C.

According to a 25th aspect 6f the present
invention, there is 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



renoval of solvents of the ink, |amnating together the novabl e-si de sheet
and the stationary-side sheet; |am nating the upper polarizer on an upper
15 surface of the upper optical phase difference filmof the

novabl e-si de sheet and thereafter performng a pressure degassing
precess; and | am nating together the statio&ary-side sheet with the liquid
crystal display with the | ower opti cal pha% 20 difference film

i nt er posed t herebetween. According to a 22nd aspect of the present

i nvention, there is provided a nethod for fabricating a touch-input type
liquid cryst evi ce accqording to_any one of the 19th to 21st

| djsplay, d ny.
aspects, mheE@Pﬁhf BpﬁEaFYES liguidy ﬁFaﬂoﬁgﬁ@%éymdQﬁlQQK?¢QQﬁdﬂng to
solvents in the film 17 materials is gerforned at a tenperature of not
| ess than 1581¥r R @€cdrhth ndoth £3Pathsmaneddis t hehpresentelentaraden,
there is provided a nethod for fabricating a 5 t ouch-input type liquid
crystal di spFaytedvrestaensr arggpreranytord 1yt proy idedh ino ek ra syyeec tost
wherein the heat treatnent for reducing dinensional errors involved in the
the movable electrode portion and the stationary electrode -
5 .portion, and  after laminating together . the movable-side
sheet and the stationary-side sheet, and pressed against
and . adhered to. a. connector wvia an anisotfopic conductive
adhesive at a temperature of not less than 120°C and less
than 170°C.
10 o The touch-input type liquid crystal display device
according to. the present invention, .having the - .above-
~ described - constitutions . and functions, - produces the
following advantages.
That is, by the arrangement that the anglé 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°, 1light enters the space layer of the
transparent touch panel in the form of circularly polarized
light or generally circularly polarized light, énd reflécted
20 circﬁlarly 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 8, refers to an axis



formation of the leads is perforned-at a tenperature of not |ess than
10Q[err]C and less than 130[err]C. 10 According to a 24th aspect of
the present invention, there is provided a nethod for fabricating a
touch-input type liquid crystal display device according to any one of the
19th to 23rd aspects, wherein the heat tref%nent for curing of the binder
of the ink wth which 15 t he | eads have~tHeen forned, as well as for
removal of the solvents of the ink is performed at a tenperature of not

| ess than 100[err]C and | ess than 150[err] C. According to a 25th aspect of

t he present invention, there i rovi ded a nethod for fabricating a 20

t ouch- i nput Pﬁﬁégﬁﬁguiipcﬁég%aérgV§%9a IFRAEOPacedr dihey £élmnymakerial ¢ he
19th to 24th_aspects, wherejin the pressure degassing process is perforned
at 40 - 80[ eFtPRtaRRSFING Kreugler Fher dIPPEF -Pabarigsiut 8s isaceotal ieeds o
a 26th aspect of the present 25 . invention, there is provided a

met hod for f8BAPFacig from tlwe t woRAr | RPLATLFPE Bi @§ d idepnlyl R katiged
devi ce accordLng to any one of the 19th to 25th aspects, wherein el ectrode-
routed porti 6Aghhr ©deph afordisegiien deerpendicar obe dhet habsmurthlen

el ectrode portion and the stationarg el ectrode
5 axis. It is .noted that an axis .perpendicular to . the

absorption axis is referred to as a .transmission axis. 1In
order to . allow - the  linearly . polarized light to be
transmitted through this upper polarizer 8, the transmission
axis and the direction of the linearly polarized light must
10 be coincident-with each other. Linearly polarized light out
of coincidence is inhibited from being transmitted by the

upper polarizer 8.
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 1linearly pdlarized iight that should be outputted
20 from the aevice surface out of fhe lineérly polarized light
emitted from the liquid 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 obtained. It is

25 noted that linearly polarized light that should be outputted



5 portion, and after lamnating together the novabl e-si de sheet and
the stationary-side sheet, and pressed agai nst and adhered to a connector
via an ani sotropi ¢ conductive adhesive at a tenperature of not |ess than
120[err]C and |l ess than 170[err]C. 10 ' The touch-input type

|1 quid crystal display device according tozothe present invention, having

t he above- descri bed constitutions . and functi ons, pr oduces t he
foll owi ng advantages. That is, by the arrangenent that the angle fornmed 15
by the polarization axis of the upper polarizer and the optical axis of the

upper opti cal dlfference filmis set  to about 45[err], Iight
enters the ﬁ%% FEViGE shE tecsns P teRE FbﬁcﬁlﬁﬁﬂéiylRO%%§1¥@¢nlh§ht
circularly polarlzed | ight or generally circularly polarized |ight, and

reflected 20 ¢mt&ed: firg ?hﬁoﬁ&ﬂpiédCFN@ﬁ?loglﬁﬁﬁéYaW+9hcar%@lb§GQ equal

pol ari zed |I%it passes t hrough t he upper optlcal phase difference film
agai n, -resul tig 3% 5ovedr | yPhest arfheed thiprhads titlitagst hdias arsudlssian

axis of the upper pol ari zer, so that reflected |light is suppressed.

The term pElALLPAEN4R agxite fasm Zm angliss @hiIdh i Bhe apotami zapion
pol arizer 8, refers to an axis 19 parallel to the drawing direction of
the fil ® nat &8 of the upper.polarizer. . : ,

Further, in the touch-input type 1liquid. crystai
. display device, by applying a lower reflection process to
the uppermost surface of the device, reflection of light at
the uppermost surface is suppreséed.
10 . o As a result of these improvements, - the liquid
- crystal display .equipped with the transparent touch panel
"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 wvisibility. |
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 wvisibility by wvirtue of its
20 capability of -suppressing refleeted light of fluorescept
iamps or the 1like indoors, and reflected light 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



Li ght passing through the upper polarizer 8 is polarized, going out from

t he upper polarizer 8 as linearly polarized light only in a direction

per pendi cular to the absorption 5 axi s. It is noted that an axis
perpendicular to the absorption axis is referred to as a transm ssion
axts. In order to . allow the Iinearly21 polarized Ilight to be
transmtted through this upper polarizer 8 "the transm ssion axis and the
direction of the linearly polarized |ight.nust 10 be coincident with
each other. Linearly polarized |ight out of coincidence is inhibited from

being transmtted hy the er polarizer 8. SO by setting the
| ower optic °f1&%£é9(ﬁ?#%ghﬁﬁégqilﬁFﬁet ??éatFﬁ%sp§+%ﬁ¥etodﬂﬁ.p§h@
and the 15 liquid crystal display in such_a manner that the optical axis
of the | over WBPFLASPhasEl it f er eFRRL fi1n f s tAE aRgménatispouefoofher]
to the optical axis of the upper optical phase difference film and noreover
forms an anglt&2HSPaE8Ht 45iRr | OREC| | KBEr | YPPOY ar $EHace gheft hiheshupberbe
out putted 20 fromthe device surface out of the linearly polarized |ight
enitted fromPoHEriizgti dtieysuafagesfragbitbiyrbacones theteespsaytbatethe as
viewed fromthe observer side, can be suppressed, by which a display screen
whi ch i @ hi g§urfaceostt ddie aiePer ceolabhrebl 6annec Rravendisdai fiealn beingi s
25 noted that linearly polarized |light that should be outputted
_ - damaged even. with pen input or finger .input or the 1like.
Also, .by the lamination of the transparent film onto. the
upper surface of the upper polarizer, moisture absorption
from the surface of the upper polarizer can be prevented, so
10 “that contraction and expansion as well as distortion of the
upper - polarizer due to the moisture absorption. can be
suppressed. Therefore, variations of the retardation wvalue
of the upper optical phase difference filﬁ laminated on the
upper polarizer can be suppressed, irregular colors do not
15 occur, and moreover the antireflection function is never
impaired.
Brief Description Of Drawings
These and other aspects and features of the
.present inventionl 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 is a sectional view showing a touch-input-

type 1liquid crystal display device (transmission type TN

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



- 20 fromthe device surface, out of the linearly polarized light emtted
framthe liquid crystal display with a voltage equal to or |ower than the

t hreshol d voltage, has such a relationship as to forman angle of 90[err]
to the polarization 5 axis of the upper polarizer. Further, in the
touch-input type liquid crystal display device, by applying a | ower

refl ection process to the uppernost surfacé%f the device, reflection of

| ight at the uppernost surface is suppressed. 10 As a result
of these inprovenents, the Iliquid crystal display equipped with the
transparent touch panel according to the present invention can offer
a di spl ay scr¥e®Seh PVESiaf | ects in a roomwith fluorescent |anps or
the like or in outdoor places, high in contrast, and very 15 good- at
visibility. The presefitd. i2nvéftiash, expbpdedyipergpecisive wiew of the
constitutions and functions as described above, can provide a touch-input
type liquid ckHydtkd envailady depley Wevdies 9thiFgly.i Ascontrast and high in
visibility by virtue of_its 20 capability of suppressing reflected
light of fluorescent |Eighs 3oks amchdnaduic ismboanal anew roff [thet ad quliight
due to external |ight outdoors by nmeans of the upper polarizer and the

i ndi vi dual | sssstadledimp lishe dgyiee pdl &digzed; Further, in the case where a
transparent filmis

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 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 STIN)
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 dinvention;

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;

'F_‘ig._ 10 is a sectional view showing a touch-input

25 type liquid crystal display device (reflection type STN)



25 | am nat ed on the upper surface of the upper polarizer, the 21
foll ow ng advantages are offered by virtue of the transparent
film That is, by the lamnation of +the transparent film onto
the wupper surface of the upper polarizer, the surface durability
becones better so that the 5 surface of the upper polarizer can be
prevented from bei ng damaged even with pen33unn or finger input or the
like. Also, ..by the lamination of the transparent filmonto. the upper
surface of the upper polarizer, noisture absorption fromthe surface of the
upper pol arizer can, be prevented, so 10 that contraction and expansion
as. wel | as di 3¢RELHRE 0O tIhan caidiagy ioferthguhig d; wabediizente
absorption. can be suppressed. Therefore, variations of the retardation
val ue of the upper optiEd®- phhsésdpf secéionali VireWamheaiod en tovehmipgut
pol ari zer can be suppressed, irregular colors do not 15 occur, and
nmor eover the tyRe r dibuddi qrryanestt | dbsplaviedevicepal treahsfis siforDekygpe ptiNgn
O Drawi ngs These and other aspects and features of the present invention
will becone agteairding din tehefouniii @mbogliz@nt ofesbei priesentt akeantion;
conjunction with the preferred enbodinents thereof wwth reference to the
acconpanyi ng Fig. 12 is a sectional view showing a touch-input
type liquid crystal display device (transmission type .STN)
.according to a fifth embodiment of the-presént_invention;.
Fig. 13 is a sectional view showing a touch-input
type liquid- crystal display device (reflection type <STN)
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 (TIN) 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 1liquid crystal display device (reflectioﬁ type STN)
20 according to a modification of the sixth embodiment;
Fig. 17 is a sectional view showing an example of
a conventionally general 1liquid crystal display device
equipped with a transparent touch panel;

Fig. 18 1is a sectional view showing another

25 example of the conventionally general liquid crystal display



drawi ngs, in which: Fig. 1 is a sectional view show ng a touch-input type

| 'qui d crystal display device (transm ssion type TN 25 (Tw sted
Nematic)) according to a first enbodi ment of the 22 present invention;
Fig. 2 is an expl oded perspective view of the liquid crystal display device
of -Fig. 1; Fig. 3 is a schematic sectional _view of the liquid 5 crystal
di splay device of Fig. 1; Fig. 4 is an exp?énatory 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
backl i ght 10 .gui de pl ate; Eig. 6 is a sectional view show ng a

touch-i nput CFFCe §GUaPPrfisWAthdasErapsaerere tevahsparelont ype STN (Super
Twi sted Nematic)) according to a second enbodinent; Fig. 7 is a sectional

vi ew showi ng a touch-i Apg@- 152 ista%e expjanatamstvlewi Spragxgdvicsng a
(reflection type STN) according to a third enbodinent; Fig. 8 is an
expl.anat ory witéheof inhewhichsra sposhables pkrsenabn computee opbaviny akhe

direction in the touch-
conventional liquid crystal display device of Fig. 17 is
5 used in a room with a- fluorescent lamp or the like; and .
-Fig. .20 is an explanatory view for explaining a
state in which a. portable terminal .unit ha&ing the
éonventidnal liquid crystal display device of IFig. 18 is
- used outdoors.
10 -Best Mode for .Carrying Out the Invention
Before  the. description of the present. invention
proceéds, it is to be noted that like parts are designated
by 1like reference numerals ‘throughout the acéompanying
drawings.

15 Hereinbelow,  a touch-input type 1liquid crystal
display deviée, 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 é 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 liquid crystal display



i nput type liquid crystal display device (TN) according to 20 t he

f or.egoi ng enbodi nent of the present invention; Fig. 9 is a sectional view
showi ng a touch-input type liquid crystal display device (transm ssion type
TN) according to a nodification of the first enbodinent; Fig. 10 is a
sectional view showi ng a touch-input 25 ype liquid crystal di spl ay
device (reflection type STN) 23 accor dP g to a nodification of the
thjrd enbodinent; Fig. 11 is a sectional view show ng a touch-input type
liquid crystal dlsplay devi ce (transnlsS|on type TN) according to a fourth

enbodi nent of I nventiop,; 12 is a sectional
vi ew showi ng C%thl(ﬁ?gh 5 np%f'gt'ypé'l |Ehgd Hystsn B sﬁxé’glagQ\‘FP€¥ view for
(transm ssion pe ST accordlgg}to a fifth enbodi mrent of the present

i nventi on; ’%ﬁallglﬁ & atondt W shR et 1 R resFpinal prbglllt o d

crystal displa devi ce (reflectlon tgpe STN) .10 according to a sixth
enbodi ment. ofSUARE §sEserin | HRni iR FF&YSEQll digrlaxpravics: pivikig.of i he
transm ssion axis direction and the optical axis direction in the touch-
input type | i3 dFt9ysPalisi 3Pl gFrdappsery( Myewacedr dhag haskliahitor ggbdeg
enbodi nents of the present invention; 15 Fig. 15 is a
sectional vi &adfowi ng a touch-i nput

Also, Fig. 6 is a sectional view showing a touch-
input type liquid crystal display device (transmission type
STN) accbrding to a second embodiment of the present
invention.

10 Fig. 7 is a sectional view showing a touch-input
type liquid - crystal ‘display device (reflection type STN)
according to;a third embodiment of the present invention.

Fig. 8 ‘is anlexplanatory view of the transmission
axis direction and the optical.axis direction in the touch-

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

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

26 Fig. 10.is a seétional view showing a touch—iﬁput
type liquid crystal display device (reflection type STN)
according to a modification of the third embodiment.

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

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



type liquid crystal display device (transm ssion type TN) according to a
nodi fi cation of the fourth enbodinent; Fig. 16 is a sectional view show ng
a touch-input type liquid crystal display device (reflection type STN) 20
according to a nodification of the sixth enbodinent; Fig. 17 is a sectional
vi ew showi ng an exanple of a conventionalléﬁgeneral liquid crystal display

devi ce equi pped with a transparent touch p
show ng anot her 25 exanpl e of the conventionally general
di spl ay 24 devi ce equi pped with a transparent touch panel
expl anatory view faqr explainingﬁa state in which a_portable

comput er havioRFicRe cBheeRt i GhafereRaed E31R+ ald didghekesied

is 5 used in a roomwith a fluorescent |anp or the like;

el; Fig. 18 is a sectional view

liquid crystal

; Fig. 19 is an
per sonal
cSsatppary 7
and Fig. 20 is

an expl anat o®8ft&ERdDr RYBFEPRI ngba stapates n awnhileWera qmiritcadl e phase

termnal unit  having the conventional |iquid crystal disp
Fig. 18 is usddfsneassrsfilm, 7 pdenokmde & ospager ylaemut 8t
Bef ore the description of the present invention proceeds, it
that |ike patpPpedy eookztigeted? denotes a lower polarizer,

5 spacers, 11 denotes a glass substrate, 12

ay device of
hdehoteat i am
is to be noted
10 denotes

denotes an -

.optically iSotropic film, 13 denotes a backlight .guide

plate, 14 denotes. an optical-compensation phase :difference .

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

transparent resin plate.
0 .. . An ‘edge-light plane emission ‘device

- general "structure of the backlight guide plate

‘which 4is: a

13 is shown

~in Fig. 5. 1In Fig{ 5, are shown a line light source 13a, a

"light guide plate 13c, an 1light 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 sufface (upper

surface in Fig. 5) of the 1light 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 coﬁductive film 3a, leads 3b and



by like reference nunerals throughout the 'acconpanying drawi ngs. 15

Hér.ei nbel ow, a touch-input type |liquid crystal display device, as
well as its fabricating nethod, according to various enbodi nents of the
present invention are described in detail with reference to the
aceonpanyi ng draw ngs. 20 Fi% 1 is a sectional view show ng
a touch-input type liquid crystal display %vice (transm ssion type TN) of

a resistor filmtype according to a first enbodi nent of the present
i nventi on. Fig. 2 is an exploded perspective view of the Iiquid crystal
di spl ay devi [ schematic, sectional view of

the |iquid %gﬁgfétjgﬁleg'f&#@drigflgxl%gigé‘égce Hhejmaterig] gof, the gpovable
explanatory view for explaining a state in_which reflection of externa
light is sups#§§§é’8dﬁnpﬂ¥etﬂ+qnqgi_ort%r%?laplafsﬁqiamfdé\ﬁt@éléfc Fixideas swch
Fig. 5 is an explanatory view of the backlight guide 5 plate. Al so, Fig.
6 is a secti8faltiR eR¥IRGW nfR@luByERideypudntiBenyi qiider yeiac dvxibiey
device (transm ssion type STN) according to a second enbodi ment of the
present inveRBABAum oxide, or 1nd1um tin oxide (ITO), composite films

5  composed primarily of these metallic oxides, gold, silver,

copper, tin, nickel, ~.aluminum, palladium, or the like.

The wupper optical .phase. difference film 4 is a
transparent film which has a function of changing linearly
polarized 1light into «circularly polarized 1light or

10 -generally circularly -polarized light by giving a time+base
phase shift to . two components of = polarized - light
"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 of a center
wavelength of the visibie region. That is, 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 is



10

li'qui d crystal display device (reflection type STN) according to a third
enbodi nent of the present invention. Fig. 8 is an explanatory view of the

"Fig. 7 is a sectional view show ng a touch-input type

transm ssion axis direction and the optical axis direction in the touch-
I nput type liquid crystal display device (IN according to the foregoing

enbodi nent of the present invention. Fig. 8 s a sectional Vi ew showi ng a

touch-input type liquid crystal display device (transm ssion type TN)

according to a nodification of the first enbodi nent. 20 Fig
10 is a sectional, view show ng a touch-input type liquid cggstal di spl ay

devi ce (refl BOtEGh BSTR SPRE aRer desgri®tdanodrEi Jabasr o

enbodi nent .
t ouch panel

, W2VEeREE

In the figures, reference nuneral 1 denotes the transparent

9 ham h¢edter

15

L7 i e dvépybisl rREAHY, i950nly3 thaiottde acenveanl e

el ectrode portion, 4 denotes an upper 26 optical phase difference film

5 denotes a YRYElERILR Ofedheoyds

phase difference film 7 denotes a space |ayer, 8 denotes an upper
pol ari zer, 9PBeR@St &N £¥JMRke pol Fhiezaieaskn defiothe Bettipgader sboultl 550

denotes a

glass substrate, 12 denotes an optically isotropic film

denot es 9a baBR iight oguitdee following basis. That is, considering the

10

15

20

25

center wavelength of the visible region in terms of the
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

nm. Therefore, suppressing light reflection at ‘wavelengths

of this about 550 nm.can make reflection  insensible: td the -

human eyes. -

The wupper optical phase . difference film 4 -

fulfills also a function as a pen or finger input of the

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,
the film material used is required to have a thermal
resistance of 150°C or more. 1In 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 value of phase delay between the two

components of polarized 1light, would be changed by high

ibdiq iragion els crswined to bevaboubpbbeal

13



pl ate, 14 denotes an optical -conpensati on phase difference plate, 15
denotes a reflecting plate, and 16 denotes a transparent resin plate. -10

An edge-|ight plane eni ssion device which is a general structure of the
backl i ght guide plate 13 is showm in Fig. 5. In Fig. 5 are shown a line

| i ght source 13a, a light guide plate 13c, ,_.an light reflecting plate 13d,
a light scattering layer 13e, and a di ffusf8n sheet 13b. 15 Li ght gui ded
fromthe line light source 13a into the light guide plate 13c is outputted
fromthe front surface (upper surface in Fig. 5) of the light guide plate
13c by the light scattering I%yer 13e and the light reflecting plate 13d
formed on t héRERIEE {deMeHe |iynvhighdeagratderyisibiddty meft hhe,

the |ight oukﬁytted by the light guide plate 13c is plane emtted unifornly
overal | by tK&-shlEMsiGirahadpuldpbeetinfipninr uppbh $hef sansdfitiieion gof

gui de plate 13c. The novabl e el ectrode portion 3 conprises a 25
transparent dhe thqueh1ipredndree Jéapifncsystadadispbayndevice7acherdikg
having flexibility. The material of the novable electrode portion 3 is
exenplified Bp rdtis | ewbodivestsgéh the tpressntieinvantionoxi dawerss mohy
oxi de, zinc oxi de, '
5 has been found that the higher the. thermal deformation
' temperature (i.e., .150°C or more as will be described
later) of the film material is, the smaller the.change of
the retardation value in high temperature treatment becomes
practically negligibly. Such a material is. exemplified by
10 uniaxial . oriented:' polymeric films  having a‘'. thermal
. deformation temperature of 150°C or more, e.g.,. polyarylate,
polyethersulfone, norbornene base resins, polysulfone, and
the 1like. Particularly, uniaxial oriented polyarylate,
polyethersulfone, or polysulfone films having a thermal
15 deformation temperature of 170°C or 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 uppér optical phase difference film-4/ as

20 well as the reason Because the filﬁ material preferably hés
a 170°C or more thermal deformation temperature, as shown
above, are described below in détail.

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 bptical phase difference



cadm um oxide, or indiumtin oxide (1 TO, conposite filnms 5 conposed
pri.marily of these netallic oxides, gold, silver, copper, tin, nickel,

al umi num palladium or the |like. The upper optical phase difference film4
is a transparent filmwhich has a function of changing linearly polarized

| 1 ght into circularly polarized 1|ight or 10 generally circularly
polarized |ight by giving a tinme-base phaséO shift to two conponents

of . polarized | i ght perpendicular to each other resulting from
deconposing the linearly polarized light, and a function of delaying the
phase of one conponent of the polarized |light by a 1/4 15 wavel engt h
with respectfilip4 jifcidpsarihgdyrelaw. a center wavel ength of the visible
regi on. That is, by using this upper optical phase difference film4, one
of the two conmponents &ensAakivedherhheptr panalcifoaon dishsr othen the
resulting fromdeconposing the linearly polarized Iight is 20 given a
phase del ay dhexmpls dedeamatdon dempesagbset o35G emicdm eva tveavied lengf hthé
the visible region, i.e. an about 138 nm phase del ay. In this case, if
the two conpdpeesrs eptiperlhr phagel i dfifqrmemendifilimard t bseagpliidwr tar etkgual
in anplitude to each other, circularly polarized light results, 25 and
ot herwi e el |figm ewitierigdl af zthe | ugher restl¢al phaseidiffeddhce film 4,

thé -film material of. the upper 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 wupper optical phase difference film 4 to
10 - retain the 1/4 wavelength phase. difference (retardation),
thus no longer possible fo suppress the reflection or -
obtain a cdrrect image. Therefore, by the temperatures of
later-described heat treatments to be lperformed -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 temperétures less than the low thermal

20 deformation temperature would also iﬁhibit occurrence of
deformation or deterioration .of the film material of the
upper optical phase difference film 4 due to the heat. 1In
such a case, however, the heat treatment would be useless
as a matter of coufse, that is,. various effects of the heat

25 treatment as will be described later could no longer be



noted here that the description of "about 550 nm center wavel ength of the
vi'sible region" is only that the center wavel ength of the visible region is
assunmed to be about 550 nm as an exanpl e. The reason of the setting to
about 550 5 ‘nmis on the follow ng basis. That is, considering the
center wavel ength of the visible region in_terns of the relation to the
human | um nosity curve, the human visible ?égion ranges from about 400 nm
to, 700 nm a peak of lumnosity factor (visual sensitivity) exists at about
550 10 nm Therefore, suppressing light reflection at wavel engths of
this about 550 nm can nake reflection insensible to the human eyes. The
upper optic@PtaImest 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 Hagtut toprimenbn ina Sabrigatine the wpper oppiical
phase difference film4 is high-tenperature-treated during the formation of.
t he novabl e ®heser odéfferenes Fidml #helsi rmaw t desiondbedn, 120 a prmceds | m
material used is required to have a thernmal resistance of 150[err]C
or nore. |n sleguerse of thdtm neseri fremhabeay | tweatmhatnal(ldef dromathest
tenperatures (i.e., less than 150[err]C as will be described |ater), the
retardath on ¥xeadmemti d3)i Yedoyal ue of phase del ay between the two 25
conponents of polarized Ilight, would be changed by high
Heat Treatment (1): o
-Normally, the upper .optical phase difference film.
4 for the liquid crystal display device is fabricated in
multiplicities in succession. Therefore, the film material
10. . ' is -prepared in - the form of a roll in which one .sheet of
film material corresponding to one sheet or any -arbitrary -
sheets of upper: optical phasé difference film 4 'is' coupled
one ‘after another continuously.
Before a transparent electrically 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 is



29 tenperature treatnent, in which case the visibility of the display
screen would be inferior with the constitution of the touch-input type
liquid crystal display device according to. this enbodi nent of the present

I nventi on. However, it 5 has been found that the higher the. therma
deformati on tenperature (i.e., 150[err]C o?znnre as wll be described

| ater) of the filmmaterial is, the smaller“the ..change of the retardation
val ue in high tenperature treatnent becomes practically negligibly. Such a
material is exemplified by 10 uniaxial oriented: polyneric filns -

having a thermal deformation tenpgrature of 150[err]C or nore, e.g.,
pol yaryl at e, PoF§EIHeY sng cﬁ?é:nf% bB??leg‘@al’iasfer$% SRt HBFy HANSHENY afBiet he

like. Particul arl upi axj al _oriented polyarylate, polyethersulfone, or
pol ysul fone fATTEIYAYi SO RS, ARF 5 SPecAdisAmiing, Rakhset amAer o high

170[err]C or nmore are preferable as the filmmterial. The reason because a-
filmmaterial“¥BRATRFRES0PEr r ] EPOrC oo t HBPRRI R§TnEfat | ePosidmat ure i s
used as the filmmaterial for the upper optical phase difference film4, as
20 vel | astHansRaaih ¢eeduckiveelilnnorattdte afibrenateablialhas &s for

170[err] C or nore thermal deformation tenperature, as shown above, are
descri bedl beltd¥® i Keaepni |of Fithds, tHeer apsdslusdcagedvants| momtdr nalt hbei ng

removed enough under temperatures of less than 150°C so
that- a - transparent : . conductive film having  superior
stability and high strength could absolutely not be formed
-on the film material. Accordingly, for the purpose of

10 - removing  the residual solvents in the: film: material, the

film material, -that is, the upper optical'phase.difference.
- 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 providihg fiim material sheets for use as
the upper optical phase difference film 4. Then, this film
material sheet is 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



a 150[err]C or nore thermal deformation tenperature is used as 25 t he
filLmmaterial for the upper optical phase difference 30 film4 is

descri bed bel ow. Cenerally, when heat equal to or higher than the thernmal
deformation tenperature of the filmmaterial of the upper optical phase
difference film4 is applied to the 5 filmmterial of the upper optical
phase difference film4, the filmmateri al 3t the upper optical phase
difference film 4 shows such deterioration as deformation or
distortion due to the heat. In such a case, it beconmes hard for the upper
optical phase difference film retain the 1/4 wavel ength phase

Im4 to 10
difference (?ofat®dfi bAFR LAOGsCndoromRAUHOsShORE- t 0ThEEBLEES t Khe film
reflection or obtain_a correct image. Therefore, by the tenperatures of
| at er - descri FBRt®EERLt r d&t nefREUiREDe fBorf d1afel oa t Hherppdr orfwmatpiese
difference film4 in this enbodi nent, 15 usabl e filn1naterials are
limted. |n ERFRGIARLUNE t hof | GWh heled$s déhennatiIh Genppraferably. g.and
| ess than 150[err]C) of the filmmaterial of the upper optical phase
di fference fiswf@ickhenthby moly ieesHdeantle@i@ent at tenperatures less than
the low thermal 20 def ormati on tenperature would al so inhibit occurrence
of 5 Heat. Treatment (3): _ o . :

During the circuit formation on the film material
sheet, ‘high temperature drying process is performed for the
curing of the binder of the ink with which the desired
circuit to be connected to the transparent conductive film

10 - has been formed, as well as for the removal of the solvents.:
-This high temperature drying process. is performed -at. a
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°C.

Since the various 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 like. Particularly preferable as the film
material are uniaxial - oriented polyarylate, -

polyethersulfone, polysulfone, or the like having a thermal

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



deformation or deterioration of the filmmaterial of the upper optibal

phase difference film4 due to the heat. In such a case, however, the heat
treatment woul d be useless as a natter of course, that is, various effects
of the heat 25 treatment as will be described later could no | onger be

3l-obtained. Heat treatnent in fabricating_the upper optical phase
difference film4 is now described in a pré@ess sequence, that is, from
heat treatnment (1) to heat 5 treatment (3). below Heat Treatnent (1):
Normal |y, the upper optical phase difference film4 for the liquid crystal
di splay device is fabricated in nmultiplicities in succession. Therefore,
the film nat &atgriml havirgpar dherpalhdefpmafiion repmperatire hofnd S595€et
of filmmaterial corresponding to one sheet or any arbitrary sheets of
upper opti cal®phRe&edi ¢dRr &cesEPIArleds touphed vaeians eheatot heeatment
continuously. Before a transparent electrically conductive film 15 to .
form part of RURCSAARDHIenught psddegeiribed aboye ot heautheating! &te
filmmaterial, the filmmterial needs to be subjected to heat treatnent
for a specififddn imateridbdto 170°C or more before the formation of the

5 transparent conductive film makes - the . transparent

conductive film sufficiently crystallized  (which means a

high . strength), which allows an even' more .stable:

tranéparent electrode to be obtained. For executing the

heat treatment to 170°C or more, the film material is also

10 - required to have a thermal deformation temperature not less
‘than the heat-treatment temperature, 170°C.:

Also, the film thickness pf the upper -optical

‘'phase difference film 4 is preferably nét less than 50 um

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, if the

thickness of the upper optical phase difference film-4 is

20 less than 50 um} the film itself would be poor in toughness

and yield film wrinkles or corrugations durihg 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 pym and not more than 150 upm, more preferably not less



at as high tenperatures as possible in order to elimnate residual solvents
contained in the filmmterial. This is 20 because the presence of any
residual solvents in the filmmaterial would make it inpossible to
stably form the transparent conductive film Therefore, in order to form
a transparent conductive filmhaving superior stability and high strength
on the filmmmterial after elimnating 25 33 residual sol vents contained in
the filmmaterial, it is 32 necessary to performthe heat treatnment for
renovi ng the residual solvents for a specified tine period under a high
tenperature of 150[err]C or nore before depositing a transparent
conductive fithamn76haews | angdmapér imdre gahol25 pm.t heAsed®on bhet hiemsort he
residual solvents could not be renpved enough under tenperatures of |ess
than 150] err]&hab tthe thicknesspsfenthecampeat i oticdl | phakavidif ference
superior stability and high strength coul d absolutely not be fornmed on the
filmmaterial filmAdcdsdimogley preffmraldiley motpokessf thén 75r pmowhdg nblte more

residual solvents in the filmmaterial, the filmmaterial, that is, the
upper opti cal tidmasa28i fuigr eitethel thidkniess risgquhoedlebs Hhave 5@ phhemes!
def ormati on tenperature of 150[err]C or nore. Heat Treatment (2):
5 less than 75 pm, the film would be tough and free from
occurrence of wrinkles, but it would be . impossible to
.completely -eliminate.-corrﬁgations having. gently—sloping
crests and troughé. With a thickness of 75 um or more, thé
upper ‘optical phase difference film 4 is enabled to
10 - completely eliminate the corrugations.- - Furthermore, indeed
films having a thickness of not less than 125 pum and less
than 150 pum indeed allow pen or finger input to feel light'-
with neat input of characters enabléd,.but films thinner
than.125 um allow particularly neat character input to be
15 realized.
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 diredtly forms the stationary electrode
20 portion 5 thereon around the spacé 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



15 After the transparent conductive filmis formed on the film
mat.eri al as described above, in order that a desired circuit to be
connected to the already deposited transparent conductive filmis forned on
the rolled filmmaterial, first, the rolled filmmaterial is cut into a 20
sheet form thus providing filmmateri al sgf ts for use as the upper

optical phase difference film4. Then, thi Ilmmaterial sheet is

subj ected to heat treatnent process, as required, for reducing di nensional
errors in circuit formation as much as possi ble. This heat treatnent

process 25 | S desirab erforned . at a.te rature not |ess than 1000C
33 and | ess tJﬁ%‘?\ iégfer}“’*‘g:lgo?: gb ieﬁgafi_egp Cefldr APPIOPHiatelyat &oral
is required to have a thermal qgfornatiqn_tenperagure of not less than
130[err] C, pPREERL® Withry 2eRYHQ diabmahikokaisda 'sn 232190 Ebe] tiks.  Heat
Treatment (3): During the circuit formation on the filmmaterial -sheet, "

hi gh tenperature dryi ngtPeocidticanagyr f etaebrede. prtdan n§ otompwidssmder

of the ink with which the desired circuit to be connected to the
transparent cbFRRIRIZANE | FRPdoctivaafid@enddor redtead Wel | axdl fihet Adke,

renmoval of the solvents. This hi%h tenperature drying process is perforned
at a 5 like the movable electrode portion 3. The material for

forming the stationary electrode portion 5 is exemplified by
oxides such as tin oxide, indium oxide, antimony oxide,
zinc oxide, cadmium oxide, or indium tin oxide (ITO),
composite films composed primarily of these metallic oxides,

10 gold, silver, copper, ‘tin, nickel, aluminum, palladium, or
the like.

As the ‘base material for directly forming - the
stafionary electrode porfion 5 thereon, the lower optical
phase difference film 6 (see Fig. 1) is used in the first

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 statiénary electrode portion 5 thereon.

20 | Also, in thé third'embodiment, the transparent.
optically isotropic film 12 (see Fig. 7) is 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



tenperature not less than 100[err]C and |l ess than 150[err]C for 30 - 60
mnutes. Therefore, the filmmaterial is required to have a thermnal
deformati on tenperature of not |ess than 15 150[err]C. Since the various
heat treatnent processes, heat treatnment (1) to (3), are performed as shown
above, the filmmaterial of the upper optical phase difference film4 is a
uni axi al oriented pol yneric film ha§7ng a thermal 20
deformation tenmperature of 150[err]C or nore, exenplified by polyaryl ate,
pol yet her sul f one, pol ysul fone, norbornene base resins, or the |ike.
Particularly preferable as the filmmaterial are uni axi al

ori ent ed thep| Sprmatdoa qfolthe Hdrahilineiy, 9ldgisiddeomortdon He andethe
having a thermal 25 deformation tenperature of 170[err]C or nore.

| ndeed a fil Bircw4 fmar@atdiothadsngiia threrunpexicdptical ahasepdi fiferencé
1500C or nore can be subjected to the various heat treatnent processes
enough as desdrlimbéd above, but heat treating the filmmterial to 170[err]C

or nore before the formation of the 5 t ranspar ent conductive film
makes the . transpar éiarectdudsstiesf itequinfdd cagntihe anytséridl zed tidich
means a high strength), which all ows an even nore stable -

transparient dlodenr ogdicalbehalseaididferenter fédec & idif fidte between .a case
where the transparent 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 embodiIﬁ_ent,

and another case where the transparent conductive film that
10 forms -part of the stationary electrode portion ‘5. is not -
provided 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, i.e., where the
stationary electrode portion 5 including the transparent
conductive film is directly formed on the lower optical

20- phase difference film'G, the foliowing characte‘risfics are

required.

The material of the lower optical phase difference

film 6 1is exemplified by uniaxial oriented transparent-

polymeric films having a thermal deformation temperature of

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



heat treatment to 170[err]C or nore, the filmmterial is also 10

required to have a thermal deformation tenperature not |ess than the heat
treatment tenperature, 170[err]C. Al so, the filmthickness of the upper
optical phase difference film4 is preferably not |less than 50 pm and not
nore than 150 [err] I f the thickness of %Qe upper 15 optical phase
difference film4 is over 150 pm the totalF~thickness in conbination with

t he upper polarizer 8 would be so large that input by finger or pen would
feel heavy with neat input of characters disabl ed. Besides, if the

t hi ckness of the upper optic hase difference film4 is 20 _  less than -
50: [err] the quyrﬁ‘ﬁtfgéllef' mBB?{iOE%eB%oﬂ’arsr? t F&GARSss 9Rd Vel d¥ke m w ThRI es
or corrugations during the circuit formation, so that |am nation with the
upper pol ari Z&29%ofid g id 1 ritulthat THek et or Bhet nEhermaknedeformakdon
upper optical_phase difference film4 s preferably not |ess than 25 50
[err] and nottSTRSFaWNER 1RFT gD nb?@ Gr eFeE®| YoHdE l0ssyr a shamge 16
[err] and not nore than 125 [err] As for the reason that the thickness of
t he upper opti&t@rdstder defs evdgdblei | ppatiengorefpr her abigquihdt teystahan
75 [err]_and not nore than 125 [err] if the thickness is not |ess than 50
[err] amd 5 dispdey tfarfhes g paned fduen itk beeabuheatent eduringm

the fabrication of the touch panel, so that the . low

reflection . effect. could no longer be . obtained enough.
Another reason is that light 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 image could not be formed. . .The -
aforementioned ‘heat treatment to be executed on the lower
optical phase difference film 6 on which the stationary -
electrode portion 5 is directly formed refers to the heat

15 treatment (1) to (3) as mentioned for the upper optical
phase difference film 4. Also, the material of the lower
optical phase difference film 6 preferably has a thermal
deformation temperature of 170°C or more in terms of
sufficiently crystallizing the transparenf conductive film,

20 as in the case of thel uppef 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



occurrence of winkles, but it would be inpossible to conpletely elimnate
corrugations having gently-sloping crests and troughs. Wth a thickness of
75 [err] or nore, the upper optical phase difference film4 is enabled to

10 conpletely elimnate the corrugations.. Furthernore, indeed filns
havi ng a thickness of not |ess than 125 pn1and | ess than 150 [err] indeed
all ow pen or finger input to feel |ight wi BF neat I nput of characters

enabl ed, but filns thinner than 125 [err] allow particularly neat character
i nput to be 15 realized. Also, a nenber 19 depicted in Figs. 1, 6, 7, 9,
10 is a doubl e-sided tape 19 for bonding the upper optical phase dlfference
fidm4 that sdppwiing|eRiicrk 3sobrar¥ B&sdmuilg i s¢comdt erbedimeyt f opmws

t he stationar el ectrode 20 portion 5 thereon around the space
layer 7 réne§hBet GEahipRariovebeetepdet reart Prand t hecdusdingnakipe

el ectrode 5 An adhesive material ‘may substitute for the doubl e-sided tape
19. The adh&@nspagensr i epngucthveadfibbhnvelsonfpomet used ftbe t bptically
doubl e-si ded tape 19 may be acrylic-, epoxy-, 25 ur et hane- based materi al
or conpound, igotrepiic dd3al iPeras oin th&ethhed| ekbodiment, t hike dfubllewshged
tape is appropriately, for exanple, N tto Denko Kabushi ki Kaisha's 532 or
the |iké. characteristics are required. :

The material of the lower optical phase difference
film 6 on which nthe_ftransparent conductive film is not
provided is exemplified by uniaxial oriented transparent
polymeric films having a thermal deformation temperature of

10 - 130°C or more, . for example, polycarbonate, ‘polyarylate,
polyethersulfone,. 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 is 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 5, un—-drawn -

polymeric films having a thermal deformation temperature of

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



The stationary electrode portion 5 conprises a transparent conductive
fil-m5a, a lead 5b, and the like, 5 |'i ke the novabl e el ectrode portion
3. The material for formng the stationary electrode portion 5 is
exenplified by oxides such as tin oxide, indiumoxide, antinony oxide, zinc
oxirde, cadm um oxide, or indiumtin oxide (I TO, conposite filns conposed
primarily of these netallic oxides, 10 8l d, silver, copper, tin,

ni ckel, alum num palladium or the like. As the base nmaterial for
directly formng the stationary electrode portion 5 thereon, the |ower
optical phase difference film®6 (see Fig. 1) is-used in the first 15

embodi ment . PRLYSHLLQBE, t o HOFPOITRRS hdbasec omesdmsadi mant  thee tikmsparent
gl ass substrate 11 having optical isotropy (see Fig. 6) is used as the base
mat eri al for Pé‘erf@éﬁb}ef orni A§ t erst gheonaegsenecofodthpsr t i wnebesser tha.

20 Also, in the third enbodinent, the transparent optically
i sot ropic f|D@tlza@éyeugq}roﬁﬂqsflhmdlés1ndeedahasmMGthdséodlﬂféféﬁté
formng the stationary electrode portion 5 thereon. The base material in
both the sec¥pduenbeddmempo 2Problaemd tire tthisl endspkotent tise optically

hi gh-tenperature-treated during _
5 isotropic film 12 is subjected to the respective heat

treatment (1) to (3) as described in the fabrication of the

upper optical phase difference film 4 and therefore needs .to

have such a thermal deformation temperature of 150°C or more

as the -optically isotropic film 12 can ' endure those
10 processes.

- As desc_:ribed above, in the  first and third:
embodiments, with  the use of the -lower ' optical phase
difference film 6 and‘ the optically isotropic film 12, thé
total thickness of the transparent touch panel 1 becomes

15 thinner, making it possible to provide a thinner, more
lightweight touch-input type liquid crystal display device,
as compared with the cése where the glass substrate 11
having optical isotropy is used in the second embodiment.
For example, in the case of the second emﬁodiment where the

20 stationary electrode portion 5 is formed on the gléss
stibstrate 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



37 the formation of the stationary electrode portion 5 and the circuit
formation, as in the upper optical phase difference film4. Characteristics
required as the material of -the 5 | ower optical phase difference filmé
di.f fer between a case where the transparent conductive filmthat forns part
of *the stationary electrode portion 5 is prgvi ded on the |ower optical
phase difference film6 as in the first enb di nent, and anot her case where
the transparent conductive filmthat 10 forms part of the stationary

el ectrode portion 5 is not provided on the |ower optical phase difference
film6 as in the second and third enbodinments. ] Therefore, -

t he charact edPEed R sfestiFERIENS ol kB phr &el§he opPEiraklhisebsotroric

in the case_ where the transparent 15 = conductive filmthat forns
part of the $idl ovarGar| bet mege fordivims thigkevieadd the thasd owetenial cal
phase difference film 6 as in_ the first enbodinent, i.e., where

t he stati onarfpreltha rddd isnarvorelBdtrodediafy thee fiests pameod ingorid et i thee

filmis directly formed on the | ower optical 20 phase difference film 6,
t he fol | owi ndhdprglr spbedigents igr @bouguioned tetid et difiiak afs titmt averthe
optical phase difference film®6 is exenplified by uniaxial oriented
t ranspadent pgeopme i eiddimeriayi nileanwhdlenl wieflor thei arset eoPertheurglads 25
150[err]C or nore, for exanple, polyarylate, polyethersulfone,
substrate 11 having optical isotropy as in the second
embodiment, .pressing stability and durability of the finger
or pen becomes more stable, as compared with the first
embodiment or the third embodiment.
- 10 : Also, as a modification of the first embodiment,
if pressing stability and durability equivalent to those of. -
‘the glass substrate 11 having'optical'isotropy“are preferred
to the .thinness in 'thé first embodiment, the transparent
resin plate 16 having optical isotropy may appropriately beu
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 gléss substrate 11 having optical isotropy are preferred

20 to the thinness iﬁ the third embodiment as well, fhe
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. 10).

25 As the material of the transparent resin plate 16



38 pol ysul fone, norbornene base resins, or the Iike. The reason of
thi-s is that wwth the thernal defornmation tenperature |ess than 150[err]C,
there woul d occur a change in retardation at visible portions of the liquid
crystal 5 di splay of the touch panel due to the heat. treatnent during
the fabrication of the touch panel, gg that the lowreflection
effect could no |onger be obtained endligh. Another reason is that

| i ght necessary for. naking up pixels could not be outputted because of

retardation changes, or 10 i ght wunnecessary for nmaking up the
pi xel s woul bhe outputted, ,so.that a,correct inmage couyld not be formed.
The af or enenttoneEty h@ﬁ 16 Lar A ORY il ettt BECoRMERELPBRE: BptPeafiphase
difference film6_on which the stationary el ectrode portion 5 is directly

formed ref er MG FAHAHORS 1 5 TeSINS SR 1of1) 1nt otrengpazenelit | swel fas
t he upper optical phase difference film4. Al so, the material of the |ower
opti cal phasé"XQ%;Qﬂﬂﬂ¥qi??ﬁ%ﬁiwe@%F&%%? KES1RSt v&T Mgl yEdnEiena i oesins
tenperature of 170[err]C or nore in terns of sufficiently crystallizing the
transparent GdIsde fThen thocknegs pf the txsasprrens yssdm aptdtenl 16
phase difference film4, Next, in the case where the transparent conductive
filmishot PrdvigedoBilek Iisndromytital diefsectptpéeence.3 - 5.0 mm.
With a thiékness less than 0.3 mm, the transparent resin
plate 16  would 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-':heavier.Ehan.-glass, impracticable as portable equipment.

Furthermore, a multiplicity of spacers- 10 are
fomed between the movable electrode portion 3 and the
stationary -electrode portion 5 which are opposed to each

15 other. Thus, input is effected by preséing from on the
upper optical phase difference film 4 wit.h a finger or pen
and thereby causing the movable electrode portion 3 to come
into cbntact with the stationary electrode portioﬁ 5 in
re_gions where the spacers 10 are absenf;.

20 | In addition, the spacers iO 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 examf)le, the height of each spacer 10 is 1 - 15-

pm, the outer diameter of the cylinder, which is each spacer

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



filme6 as in the second and third enbodi nents, that is, where the
stationary el ectrode portion 5 including the 25 transparent conductive
filmis formed on the glass substrate 39 11 having optical isotropy as
in the second enbodi nent, or where the stationary el ectrode portion 5
I nel uding the transparent conductive filmis formed on the optically
Isotropic film1l2 as in the third embodi meflt, t he followng 5
characteristics are required. The material of the |lower optical phase
difference film®6 on which ..the. transparent conductive film is not
provided is exenplified by uniaxial oriented transparent polyneric filns
havi ng a t her¥Rfierd@ s edt Rord ixesp¥rdtgr Besveen 0-119@[Eriﬁcmmer nore, for
exanpl e, polycarbonate, polyarylate, polyethersulfone,. norbornene base
resins, polysulfone, oMhareas Kdie uppe¥ hpglesisert e ieadispesedean Che to
(3) as discussed in association with the fabrication of the upper optical
phase differ diRReY iFURIAGH ©hdthe MppereOPEical dkasesdiffepenceal fphmsd,
difference film®6 does not need to have a thermal deformation tenperature
of 150[ err] C @re malkarizadioreraxis ¢£ thel uppetepdmyrifzer thelis oset wpthca
phase difference film6 to have a thermal deformation tenperature of
130[ er r ] or awrigiclingitdons ofcebovs 45Chwithl réepechmtiotheenpelabir axdk
of the. upper optical phase difference film 4. .The angle of
about 45° . is intended.to convert linearly polarized light
into circularly polarized 1light or generally circularly

polarized 1light, where an allowance of up to 43° is
- 10 permitted. - With such an arrangement, the two components of
polarized light -perpendicular to each other become -equal.-in
amplitude  to each other, so that the linearly polarized
light having passed through the ﬁpper optical phase
difference film 4 is formed into circularly polarized light

15 - or generally circularly polarized light.

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

20 ﬁnless- 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



20, | ess than 130[err] C m ght cause the retardation value to change with
time. Meanwhile, as the optically isotropic film12 that forns t he
stationary el ectrode portion 5, un-drawn polynmeric filns having a

t hermal deformation tenperature of 25 150[err]C or nore, - for exanple,
poFyaryl ate, pol yethersul fone, 40 polysulfone nor bor nene base resins,

or the Iike are preferable. As for thé4reason of this, whereas

the optically isotropic film 12 indeed has no phase difference value and no

problemin this respect, the optically 5 isotropic film 12 1is
subjected to the respective heat treatnment (1) to (3) as described in

the fabricati®hlbpticrllipmalagideshiligidse difference film4 and therefore
needs to have such a thermal deformation tenperature of 150[err]C or nore
as the optically isofthepaftés] mthe2 ciueulanbyr poltardwedlOlight that
processes. As described above, in the first and third enbodi nents,
with the uskasobeenheretiwowed Dbpt imsileqiiase dabfesencmifi | thboagH tHme -
optically isotropic film12, the total thickness of the transparent touch
panel 1 becomeppess optibahnphasenakiffprericepossihl d, tiseri@vbdepubtbi Brer
nor e Ilghtmelght touch-input type liquid crystal display device,
linearly polarized light from the upper surface of the upper
optical  phase difference film 4, while the elliptically
polarized light. that has been returned .by. reflection is
outputted as elliptically polarized light close to linearly
polarized light from the upper surface of the upper optical-
10 phase -difference film 4. Complete linearly polarized ‘1light
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 is, 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 différence is within +3°,

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



as. conpared with the case where the glass substrate 11 having optical
I sotropy is used in the second enbodi nent. For exanple, in the case of the
second enbodi ment where the 20 stationary electrode portion 5 is

formed on

the glass substrate 11 having optical isotropy, in the case of

the first enbodi mrent where the | ower optical phase difference film®6 is
used or the third embodi ment where the opti4®ally isotropic film12 is used,
the gl ass substrate 11 having 25 optical isotropy can be made 0.7 mm
thick, while the | ower 41 optical phase difference film®6 or the
optically isotropic film12 can be nmade 0.075 nmmthick, and the base

mat eri al for RHestzad diaht elied nodiengraldy fdirsulemiodipedar iged: Ad ohtt)r d

enmbodi nent
enbodi nment .

is about one tenth as thick as that of the 5 second

anvk v reflegted t highiseovtputieed| fsemstbst npperl sunfeiceg of

optical isotropy as in the second enbodi nent, pressing stability and.
dur abi lity ofthéheuppagemrcdrriserhed onftspnsur faabhl ef dahecobpaquid wirtylstahe
first enmbodi ment or the third enbodi ment. 10 ' Al so, as a
nmodi fi cati on difspleey fdewitced muozdi bentnegliecheds£ingliyability and durability
equi valent to those of the glass substrate 11 having optical isotropy are
preferréd -to the thinngsxt,n the matdrieibodf muie tieetr polpaiestr 8 is

10

15

20

25

geﬁerally a flexible, 200 pm 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 fear surfaces with a cellulose: base

protector film such as triacetylcellulose. Such an upper

polarizer 8 is exemplified by "HEG1425DU made by Nitto Denko - ..

Kabushiki Kaisha". - -

Also, a low-reflection processed layer may be
formed on the upper surface of the upper polarizer 8 by
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 laminéting a low-reflection fiim. It is'
noted here that out of the tétal reflection of a touch-input
type liquid crystal display device, reflection by the touch
panel surface accounts for about 4%, and that the proéess
for suppressing this reflection to less than 1% is called’
the low reflection process.

In order to protect the upper polarizer 8 and the



resin plate 16 having optical isotropy nmay appropriately be 15 di sposed
between the transparent touch panel 1 and the liquid crystal display 2
(see Fig. 9). Also, as a nodification of the third enbodinent, if pressing
stability and durability equivalent to those of the glass substrate 11
havi ng optical isotropy are preferred 20 to the thinness in the
third enbodinent as well, the transparéﬁ& resin plate 16 having optical
i sotropy nmay appropriately be di sposed between the optically isotropic film
12 and the | ower optical phase difference film®6 (see Fig. 10). 25

As the material of the transparent resin plate 16 42 havi ng opti cal

i sotropy in t¥RPSF oPREEFRT oRBESEeHarRRGR df Fik afti SXOM WeaminGudesi &0 in
transparency such as polycarbonate resins, acrylic resins or polystyrene
resins are us¥ESThd¥ hi &T t ey afspiedist COStn Precesseds layer
having optical isotropy is, for exanple, 0.3 - 5.0 nm Wth a thickness
| ess than 0. FIRRTIHOD BPdreesissi $igligoa resinwolVdcugéngr resane oin
pressing stability and durability and therefore would be prone to yield
recesses or Jiferlids gavailees beudepesigpdaprdthapupper palavizenidh a 10

t hi ckness over 5.0 nm the transparent resin plate 16 woul d
5 .By arranging the transparent touch panel 1 and the

upper polarizer 8 in such a constitution as _shown above,
reflected light due to.the light incident from external can
be suppressed in the following manner.

Incident 1light from the observer side ' passes

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 ceﬁter—wafrelength incident
light Whosé 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 re_su'lt,' the linearly polarized light is

20 changed into circularly polarized iight of generally
circularly polarized light. Then, the circularly polarized
light or generally circularly polarized light reflected by

an interface between thé space layer 7 and the stationary-

- electrode portion 5, which is the largést refractive index

25 portion of the interface, passes again through the upper



be heavier than glass, inpracticable as portable equipnment. Furthernore, a
mul~tiplicity of spacers 10 are fornmed between the novabl e el ectrode
portion 3 and the stationary electrode portion 5 which are opposed to each
15 ot her. Thus, input is effected by pressing fromon the upper
optical phase difference film4 with a finger or pen and thereby causing
t he novabl e el ectrode portion 3 to cone in b contact with the stationary
el ectrode portion 5 in regions where the spacers 10 are absent. 20
In addition, the spacers 10 in the figures are exaggeratedly depicted for
an easi er understanding, whereas the spacers 10 are actually difficult to
discern by tePtdgad phasm dtfferers@nfitn tdhe hBhghflighteddvispngeasdddi s
1 - 15 [err] the outer diameter of the cylinder, which is each spacer 25
10, is 30 - thooupdy the apperheptpasérphase differenyedfilm 4 U8 chdmgad! s
of a fixed value between 0.1 nmm- 10 nm Wiereas t'he upper polarizer .8 is
di sposed on tiremuppércslative pdlathizedpdiohst i oal gbasealllyf erirmel £11yn 4,
the pol arization axis of the upper polarizer 8 is set with 5 an
i nclination polavéaed4sliaght] dintb rkipsntly oppherbpedcdight,s whetbe tHwper
optical phase difference film4. The angle of about 45[err] is intended to
convert 5:i nedihpapdlyar ppédrizgldt light changes 90° to the linearly
polarized 1light that has first passed through .the wupper
polarizer 8, resulting in linearly polarized light . nearly.
vertical to the transmission axis of the upper polarizer 8,
so that light no  longer passes through. Thus,  reflected
10+ light is suppressed.-.
The term, "generally. circularly -polarized light",
herein referred to is” in a state very close to circularly
“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 light
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 in the present ~embodiments of the
20 present - invention, the terms, "generally circularly
polarized light", in the citation, "elliptically polarized
light or generally «circularly polarized 1light" is
elliptically polarized light within the allowance range of"
+3°.

25 In addition, the optical axis of the upper optical



into circularly polarized |ight or generally circularly polarized Iight,
where an al |l owance of up to 30 is 10 permtted. Wth such an
arrangenent, the two conponents of polarized |ight perpendicular to each
ot.her becone equal in anplitude to each other, so that the linearly
pokarized |ight having passed through the upper optical phase difference
film4 is formed into-circularly polarized48i ght 15 or generally
circularly polarized light. Here is described the reason that the

pol ari zation axis of the upper polarizer 8 is permtted to be 45[err] with
an allowance of 3[err] with respect to the optical axis of the upper .
optical phaseldidfd etiefferdriden #1104 is an axis pdidldsl tdeth@obaaiviali on
axis of the upper polarizer 8 is set so as to accurately forman angle
of 45[err] wdiregatspectos othée fapi calterdiial obf t bReuppPeropitida PhpEase
difference film4, linearly polarized |light that has been incident on the
upper opti caldififasendicf ffetende whighdissused 25 the changestémian . circularly
polarized Ilight but forned into 44 elliptically polarized |ight.
Thereafter, the circul adlsp,poties | getatightidhabxhas (ReernBLdrtirsh byxis)

reflection passes again through the upper optical phase difference film4,
bei ng o puﬁtcﬁdtﬂfe upper polarizer 8 is an axis parallel to.the drawing
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
ofder for linearly polarized light to iJe 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 Ilight from the backlight,
which is changed into _linearly polarized light | by a

20 polarizer (lower polarizer in this case) as stated above,
then by passing throu.gh the 1liquid 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 wvoltage



5 linearly polarized Iight fromthe upper surface of the upper optical
phase difference film4, while the elliptically polarized |ight that has
been returned by reflection is outputted as elliptically polarized |ight
close to linearly polarized light fromthe upper surface of the upper
optical 10 phase difference film 4. Hglete i nearly polarized |ight
then perpendicularly crosses the transm ssron axis (like a slit) of the
upper polarizer 8, not being outputted fromthe upper surface of the upper

pol ari zer 8, so that reflected light can be suppressed "~ I nconplete
i nearly polarized hand, can | ock the
conponent pef&fAdi GQIQF Pg thaﬁ§ﬁF§§P&ﬁ ﬁ&ag 'tﬁgruﬁﬁéwpgﬁtaFPzEPeS

from bei ng outputted, but alloms t he .conpo t coincident_with the
transni ssi onCa%es F e GBE@?lﬁHI&h¥£ﬁ QPﬁéh%%e%ﬂ %utteﬂlf?%ﬂﬁttﬁpupﬁér
surface of the upper. 20 pol ari-zer IS, excess reflection

remai ns. Eveikhef cgise Qél&Pﬁz&@F@ﬁlAY'?1§FktﬁéSHﬁ5¥rmB§FarP?EVGBS¢%Ynthe
accurately at the angle of 45[err] with respect. to the optical axis of the
upper optlcal1Sh§sel§|fFeF§WG$eﬁ | B, &t ol yoef eatnglderk erébths thehin
3[err], then the result is aInDst the sane as with the circularly

45 polaﬁlzedtrﬁgﬁml§sl@n aydireraf | $hei rnes |BokRrbgez e Midht )a voltage

over the threshold voltage, and outputted so as . not to be
coincident with the transmission axis of theauppef-polarizer“

8 with a voltage equal to or below the threshold voltage. |

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 - péssing through ‘the lower
polarizer 9 is 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 suppress coloring of the
display screen of the liquid crystal display device as
viewed from the observer side, a lower optical phase
difference film 6 that gives a 1/4 wavelength'phese deley'

26' to the center-wavelength incident light is disposed betweeﬁ
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 1liquid

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



and the reflected Iight outputted fromthe upper surface of the upper

polrari zer 8 (top surface of the liquid crystal display device) can be
neglected finally. 5 Next, the material of the upper

pal arizer 8 is generally a flexible, 200 [err] thick polarizer which is
obtai ned by inpregnating polyvinyl alcohol with a dichroic pignent such as
| odi ne or dye, and drawing it, and then coﬁﬂ}ing the front and rear
surfaces with a cellul ose base 10 protector film such as

triacetyl cel |l ul ose. Such an upper polarizer 8 is exenplified by
"HEGL425DU made by Nitto Denko Kabushi ki Kaisha". Also, a lowreflection
processed | aype rrﬁJyk%e Bk neRil Hrithe ccalnming 0 F dthe oiismeywmmreqlear ter 8
by 15 applying a low reflection process thereto. The | ow
reflection prysaeesrgd beutiond spy refilegited al igvk redn ebei suppaeesied mars ng
a lowrefractive-index resin such as fluororesin or silicon resin, or

formng a neteffeetigivd ayer filmor lamnating a | owreflection film It
is 20. noted here that out of the total reflection of a touch-input type
liquid crystal display Bevibéds cefskeecttilen byweheopbiichl pphekes Wifffegence
accounts for about 4% and that the process for suppressing this reflection
to | ess Ihan fbkn s6cab| ed posiltdwned [theat diheropeksal 28xis of the upped
order to protect the upper polarizer 8 and the
optical phase difference film 4 and the optical axis of the
.. .lower optical phase difference film 6. forms an angle  of
about 90°. The angle of about 90° is intended to change the
circularly polarized light or generally circularly polérized :
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 abbut 45°-
20 is intended to change the linearly polarized light 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



46 upper optical phase difference film4 fromwearing due to press by
finger or pen, a hard coat processed | ayer conprising acrylic resin,
silicon resin, W curing resin, or the like may al so be deposited on the
upper polarizer 8. 5 By arrangi ng the transparent touch pane
1 -and the upper polarizer 8 in such a cons#itution as shown above,
reflected light due to the |ight incident om external can be suppressed

in the follow ng manner. Incident |ight from the observer side passes
10 t hr ough the upper polarizer 8, beconing Iinearly pol ari zed |i ght.

When this linearly polarlzed | i ses. throu he up er op hase
di.fference fSVRPECEASE Gk é% ?eﬁ@Wﬁrp t%bggér nce

center- mavelen%th |nC|dent Ilght whose op caI aX|s |s |ncI|ned by about
45[err] to tKkélms 6 2ahspaferEs Rk SfofthenetIApRRa M ar FouFhg paed 1

l'i nearly polarlzed Ilght is divided into two polarlzed conponent s

per pendi cul ait ?6ee&@hQﬁrﬂﬁe%nﬂfeHEQVlﬂhngnﬁpﬁt@ﬂ?%ﬁ?%ﬁﬁﬂﬁ%ﬂr@%ff@ﬁ@ﬁce

pol ari zed conponent bei ng given a 1/4 wavel ength phase del ay As a result,
the |inearlyfpdmari Begideght the ddneardiyampd@riized llﬁhtcmfbﬁtl ywhasidheed’
light or generally circularly polarized light. Then, the circularly

pol ari z&d | i gutpruttgdnefapmy Eh¢(ﬂﬂ%ﬂ4§ﬁ[ﬂﬁwmfa§§d pPéhtOfeftbetehﬂmgaE&w
interface between the space layer 7 and the stationary el ectrode portion 5,
whi ch i s t heppargésedr dfighdt i seittridxfrom the liquid crystal display .2

‘with a voltage equal to or below the threshold voltage. has
such a relationship with the polarlzatlon 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 reflectioﬂ—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 1linearly polarized liqht_ that
should be outputted from the device surface out of the

20 linearly polérizéd light emitted from the liquid 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-compénsation

. 25 phase difference plate 14 for preventing the coloring of the



25, portion of the interface, passes again through the upper 47
opti cal phase difference film4. The light having passed through the upper
optical phase difference film4 is changed from circularly polarized
li.ght or generally <circularly polarized light into linearly polarized
light, where the 5. linearly polarized_ light changes 90[err] to
the linearly polarized light that has fir82 passed through the upper
polarizer 8, resulting in linearly polarized light nearly vertical to the
transm ssion axis of the upper polarizer 8 so that |ight no | onger passes
t hr ough. Thus, reflected 10 light is suppressed. The term "generally.
circularly pslignlasd scgeen, K andr eephareing edhe icontrragtst dse gengralbgpe
to circularly polarized light. Wen the optical axis of the upper optical
phase differ @reyidddmon itopawd she4d3fiquip coyshelpokdtii 2atimnadditiomxis of
t he upper polarizer 8, circularly polarized |light results, and otherw se,
el Lipticallyapdligtidedrvisghl ceddl 28, Ssnskowhelmppey. ddl.arizer 8 and the
upper optical phase difference film4 are disposed with an all owance of 30
with respect to the andire tihe t¢deserategenandbdiNehiguid ¢hestHl digwesent
I nvention, t he termns, "generally circularly polarized light", in
the citdtionlight iqutieaitled pidem i Zleel backlight guide plate 13, passing
through the. polarizer 9, results in linearly polarized light
.as .shown. in Fig. 8. This..linearly polarized light, when
passing -through the liquid crystal display 2 with a voltage
‘equal to or below the threshold voltage, results in linearly
10 . polarized light twisted 90°. Further, linearly polarized
.'1light that. has passed through the lower optical phase
- difference  film 6 becomes 'ciréularly' 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 1light is directed so as to be
perpendicular to the polarization axis of the upper
polariéer 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 polaiizer 8 so that light can
reach the observer.

Also, in the touch-input type 1liquid crystal

25 display device having a constitution és described above, the



| i ght or general ly circularly.- polarized l'ight" is elliptically
pol-ari zed light within the allowance range of 3[err]. 25 I n
addition, the optical axis of the upper optical 48 phase difference film
4 is an axis parallel to the drawing direction of the filmmaterial of the
upper optical phase difference film4, which is used as the raw materi al .

Al so, the polarization axis (or absorption5§xis) 5 of the upper
polarizer 8 is an axis parallel to the drawing direction of the film
mat eri al . Li ght passing through the upper polarizer 8 is polarized so as

to be outputted fromthe upper polarizer 8 as linearly polarized |ight only
i n-the directTgPer [FéhdWadChr !B'Bet hetabkeongry orekegterod® portion 5 islt
is noted that an axis perpendicular to the absorption axis is referred to
as a transm stizprEhy formedy @sdatelioas| itheadigupd eryssdll dgspley Be or

transmtted by this ugger pol ari zer 8, the transm ssion axis and:the :
directi on of §hRSe | BRILALSt ae aeildci dentaldi t Bheachemboées . betieraar lthess

"polarized |light out of coincidence in directions cannot be transnmitted by
t he upper polRgnbeans gindgaseardy holkended by gioukhetsbdedr adhebivei gapds
crystal display 2 is originally light fromthe backlight,
5 at places outside the display screen area, but more
- preferably, bonded overall by a transparent adhesive layer
or a transpareﬁt -~ re-peel sheet. In addition, . all .the
members may be bonded to one another only by either one of
transparent adhesive layer and transpareﬁt re—peél sheet,
10 . and it -is also possible that some members- are bonded by a
'~ transparent 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 is a gel .sheet formed from a
transparent polymeric adhesive. The polymeric adhesive is
exemplified by urethane, acrylic, natural polymeric
20 materials, or the liké. B& the transparent adhesive layer
or the transparent re-peel sheet, the air space between the
member on which the stationary electrode portion 5 is
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



which is changed into linearly polarized Iight by a 20 pol ari zer (I ower
pol arizer in this case) as stated above, then by passing through the
liquid crystal display 2, outputted so as to be coincident with the

transm ssion axis of the upper polarizer 8 with a voltage bel ow a threshold

vol tage or outputted so as not to be coincident with the 25 transm ssi on
axi s of the upper polarizer 8 with a voltaéé 49 equal to or above the

t hreshol d voltage, for exanple, in the case of the normally white display
node. In addition, in the case of the normally black display node,

conversely, the light is outputted so as to be coincident wth the
5.. transm ssheetaxdiss lergee thepepipol glioser t@ whehrgfvekctiye éndicegeof
threshold vol tage, and outputted so as not to _be coincident with. the
t ransni ssi on sachs memiers Wpethgolawereoptigali tthase olifferengal filmok,
bel ow the threshold voltage. Like the polarization axis of the upper
pol ari zer 10thg tdleagwl asubkstrate axid (davibgor mpticalxi sisotrome, | otbe
polarizer. 9 is an axis parallel to the drawing direction of the film
mat eri al . optliicgifl ypdseitmgpichrfdlgh 12he tHovwerapsparemterr&sis pbabei 26d
So as to be outputted fromthe |ower polarizer 9 as linearly polarized
| ight oy | haviaglopticdilr dstotopyer dhedigldsss phatdefabmivigt the axgaid
- crystal display 2, and the like, the reflection of light at
the interfaces between the transparent adhesive. layer or the
transparent re-peel sheet and these members is suppressed,
so that the transmittance finally becomes higher than that
10+ 'of a constitution .--h_aving ‘an ailr space ‘in the case where
. double-sided tape is used. Besides,. because the: refractive
index of the transparent adhesive layer or the transparent -
re-peel sheet is 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, so
that no shadows are formed in the screen display.:
Also, the members bonded to 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 is no afraid of peels in normal

25 use state of the members after the mounting, so that the



Al so, in order to suppress coloring of the display screen of the |liquid

crystal display device as viewed fromthe observer side, a | ower optical

phase difference film®6 that gives a 1/4 wavel engt h phase del ay 20 to

t he center-wavel ength incident light is disposed between the upper optical

phase difference film4 and the liquid crystal display 2 of the transparent

touch panel 1. More preferably, when the B8wer optical phase difference

film6 is lam nated on the entire upper surface of the liquid 25

crystal display 2 by the nedium of a transparent adhesive or 50 the

li ke, not only the coloring of the display screen can be suppressed but

al so refl ect @¢nbiegist cain basilippbes geee ke co£f f forri welintdmande soxasthekrhe

| ower optical phase difference 5 film6 is so positioned that the opti cal

axi s of the wosesiomsi.cal Iphasddiiiidms ente s | meddiedst h ophiycathatxi ghef

the lower optical' phase difference film 6 forms an angle of about

90[err]. The auihgisd vef pdwoet ©F cthé itxranspermdad tme-gerigeshbetcidads anby

pol ari zed light or generally circularly polarized 10 | i ght, which

resul ts afterlopmessievent byougpetled eemovapsi cahlpbasendthéecgneewhila §n

into linearly polarized Iight with the upper optical phase difference film

4, wheré& an. urethane base polymeric adhesive is used, because the
transparent re-peel sheet is a material having both. water
. absorbing and gas.sucking properties, the transparent. re-
peel sheet, when fitted, absorbs the air bubbles mixed
‘between the members at room temperature, so that a product

10 free from- air bubbles can finally be obtained without any
special. treatment. In addition, the terms, - any special
“treatment, refer to such treatment as expelling air bubbles
by moving '‘a roll while a pressure is applied from an .end
portion of the surface of the transparent tbuch panel 1.

15 Such a special treatment cannot be applied in the case of a
transparent touch panel 1 using the glass substrate 11
having optical isotropy, in which case the aforementioned
air bubble absorbing effect at room temperature is quite
useful. '

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



al | omance of 3[err] is permtted. Further; the |ower optical phase
di fference filme6 15 IS so positioned that the optical axis of the |ower
optical phase difference film®6 is angled about 45[err] with respect to
| i.nearly polarized |ight that should be outputted fromthe device surface
ouf of the linearly polarized |ight enitteg fromthe liquid crystal display
2. The angle of about 45[err] 20 is inP&nded to change the linearly
polarized light into circularly polarized light or generally circularly
pol ari zed light, where an allowance of 3[err] is permtted. I.n addition, in
t he case of the |omer tical ghase difference film6 in which the o
stationary el'¥tt L ook AR JRaERT 32 br ovilBedhds iamboghimentypprrokled afélm
coloring of the  display screen can_, be 51 suppressed and, because
the lower opfiad@TriflasBadinPerenbbafp A E85n9er o phf4 ®BvVEength in
transparent touch panel 1, there is no need of providing the optical phase
di fference fiviAl8&siedht tpE pbauEr BPOpaitr ivielch | 8t anh&xagipde dbetBe
outputted from the device surface out of the Ilinearly polarized
i ght emnttedaMediangid (qfgdihe dargest diuwpingsity adter vddY agenequbling or
bel ow the threshold voltage has such a relationship with the polarization
axi s of X he @pp@fnssitinvie;dndexasin canoxndaneghgps, owvhdeherid .the optical-
axis direction of the film material, a.refractive index in
a y-direction perpendicular to the x-direction, and a
refractive index in a thickness direction of the film
‘material, which is '‘a z-direction perpendicular 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 is
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 is-

because the residual solvents, if present, would make it

25 impossible to form a stable transparent conductive film.



10. As the liquid crystal display systemto be used for t he
liquid crystal di spl ay 2, avail able are transm ssion- and
reflection-type TN liquid crystal display systens, transm ssion- and

refl ection-type STN display systens, and the like. 1In any case of these
liquid crystal 15 di splay systens, the % wer optical phase difference
film6 may appropriately be positioned so at the optical axis of the

| ower optical phase difference film®6 fornms an angle of about 45[err] with
respect to linearly polarized l'ight that should be outputted fromthe

devi ce surfaﬁﬁ out of the 20 Iinearl% pol arized light emtted fromthe
liquid cryst dPedeas HP . transnar it cSORIUEHEYS r LR 4§ sirposidedefafar on-
type STN liquid crystal display, systens, as the constitution. of the liquid
crystal di splt8§ Xemavadpttaresdapahssalygnis, itpnbsenaresspsrcéopl fam 14
for preventing the coloring of the 52 displ ay screen and enhancing the
contrast is §gﬁerfd4]4ny WRE dad terpesptaret I@§plli 1@ e¥ ymore doll Shebler

addition to a liquid crystal cell 2a, as showm in Fig. 10. In the case of
general TN | fggmatdppsend diighesy strength ¢ift the guranspanearh tdunduadidvieght
gui de plate 13, passing through the polarizer 9, results in linearly
pol ari z&d | i &hdm. Accordingly, a film material having a thermal
 deformation temperature of. less than 150°C would yield. such
.deteriorations..as deformation and distortion with 150°C or..
more heat, so that the 1/4 wavelength phase,difference could
not be retained. Also, heat treatment of less-than 150°C
10 would result in insufficient removal - of the residual
solvents, - so that  a stable, high-strength transparent
conductive film could not 'be obtained.  Therefore, since
-150°C or mére 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 diffe_rence film 4
20 made in f_his way is generally roll-shaped. Ther'efére, the
.film material is cut into specified size for. circuit
forﬁation so as to be formed into sheet-like film material.
It is noted that one film material sheet, in some cases,

corresponds to one transparent touch panel 1, but without

25 being limited to this, corresponds to any arbitrary number



as_shown.. in Fig. 8. This..linearly polarized |light, when passing through
the liquid crystal display 2 with a voltage equal to or below the threshold
voltage, results in linearly 10 pol arized light twi sted 90[err].

Further, linearly polarized light that. has passed through the | ower
optical phase * difference film®6 becones circularly polarized Iight and
then returned again to linearly polarized $8ght by the upper optical phase
difference film4. At this tinme point, 15 because the angle
between the optical axes of - the two optical phase difference filns is
about 90[err], the resulting linearly polarized light is directed so
as- to be p&fpéxansppaentotenehppanelsal im ettier ofasds® upper pol arizer 8
in the case of the nornmally white display node. 20 That is, the linearly
pol ari zed light is coi fdiedegutwi fhlmhematensal sssheetixi ks Thavpdoted tdd s
linearly polarized light is allowed to pass through the polarizer 8 so that
li ght can reaehtting ghsress,. @4 svequirede wotbh-a npidw t ype dedudithocramsy al

25 di spl ay device having a constitution as described above, the 53
menber on whidimeniséoshat i enaoysel Ext roitecybt t | fordat sord r ectthe f Gidw@ehnaS
well as the liquid crystal display 2, or these nenbers as well as al

the nenbers pletesenist besdérably done at a temperature of not less than
100°C and less than 130°C for about 1 hour. Thereaftér,.the
circuit formation of leads and the like which are parts of
the rest of the movable electrode portion 3 is ca;ried 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 is added thereto for better
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 is done at.a
20 temperature.of not less than 100fC and less than 150°C for
30 - 60 minutes. Drying conditions are adjusted according
to the ink used. Needless to say, a film materiai whose

phase difference of 1/4 wavelength is not changed by the"
heat treatment during the circuit formation is previously

25  selected.



menbers i ndeed may be bonded by doubl e-si ded adhesive tapes 5 at places
outside. the display screen area, but nore preferably, bonded overal

by a transparent adhesive |layer or a transparent re-peel sheet. In
addition, all the nmenmbers may be bonded to one another only by either one
of “transparent adhesive |ayer and transparﬁgt re-peel sheet, 10 and it
-is also possible that sone nenbers are borided 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 transparent adhesive.

This adhesive is exenplified 15 , by acrylic resins such as acrylic ester
copol ymer s, uret hane ré@ieﬁs,thesiq:%r&}%ltrgg}f%étf-lo%rlsrlﬂ%’@r 1ha@elulbiphs.
The transparent re-peel sheet is a gel sheet formed froma transparent.

pol yneri c adRé&teEn (iFgesp@ PAfieradhe Previding eppVerabdtougly panels)

ur et hane, acrylic, natural . polyneric 20 materials, or the like.
By the transpaitént r8§RESTEY e ticay eepr fiHan t meafgrialnt skegel thewt, lahgeair
space between the nmenber on which the stationary el ectrode portion 5 is
directly forfantigdesneoffi q@idarfsiformeds plfiyins carabe k¢ | nfabtidated,
Still nore, because the refractive index of 25 these transparent
adhesi ve | ayeffagdenhdyiransparent re-peel 54

In. the cutting of the rolled film and . in the
circuit formation, there  is a need of considering. the .-
direction of the optical axis of the upper optical phase
difference film 4. As the reason of this, whereas the

10 - liquid - .crystal ‘display system is available in a variety
"~ including TN and STN systems, the angle formed by linearly
polarized light, which is twisted and outputted from ‘the
liquid crystal display, and display-screen side lines vary
depending on the liquid crystal display system. As a matter

15 of course, the optical_ axis of fhe upper optical phase
difference film 4 positioned so as to form a specified angle

to this linearly polarized light vary in the angle formed

with the side line of the upper optical phase difference

film 4 depending on the display of liquid crystals. However,

20 thé linearly polarized light twisted and outputted from the
liquid crystal display 2 and the side line of the display
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



sheet is larger than air, close to the refractive indices of such nenbers
as-the | ower optical phase difference film®6, the glass substrate 11
havi ng opti-cal isotropy, the optically isotropic film12, the
transparent resin plate 16 5 havi ng optical isotropy, the glass plate
formng the liquid crystal display 2, and the like, the reflection of I|ight
at the interfaces between the transparent &hesi ve | ayer or the transparent
respeel sheet and these nenbers is suppressed, so that the transmttance
finally becones higher than that 10 of a constitution having an air
space in the case where doubl e-sided tape -is used. Besides, because the
refractive i rfigegiiameandanichrr dravidigesiizethbien ©f t hbet ramkhbed empper
re-peel sheet is close to the refractive indices of the above-nentioned
menber s, r etd@alophagte difjferenge fikm 14 arejparalbek betweeh other.
transparent . adhesive |layer or the transparent re-peel sheet and the .
menbers is sdgscrsiaglyso imaordershzonsthee dedrimed iaxiseofcren dppplray.
Al so, the nenbers bonded to each other by the transparent re-peel sheet are
char act eri ze@®rhidadi nghhsghl ¢iflerencesifilant 4 t dn ather tsteetld y-odct begng
pull -away force and a horizontally-displacing force, and easily being
separ at & awdydated eash at heembnen qiul [the aveychr opahel h i des igiveuchaa
manner that the nmenbers are peeled off fromtheir ends. Accordingly,
there is no @pegiidied peglle ito Ndreedidd lineisef sthé euppet heptREREr phakter
the nounting, so that the

- o difference film 4, the following processes are taken. One

process is to give an angle to the cutting for circuit
formation. For example, if the optical axis of the upper
10+ optical - phase difference film 4 of the transparent touch
panei 1. should be angled 30° with respect to. the side .line
of the upper optical phase difference film 4, the film
material is cut into a rectangular shape of a specified size,
also during the cutting for circuit formation, in such a
15 manner that the side line of the film materlial sheet aftef
cutting will be aﬁgled 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 foﬁned
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



55_nmenbers can easily be peeled off for maintenance or other occasions.

Inaddition, 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 uret hane base polyneric adhesive is used,

because the transparent re-peel sheet is a material having both water
absorbi ng and gas sucking properties, the6lransparent re- peel sheet, when
fitted, absorbs the air bubbles m xed between the nenbers at room
tenperature, so that a product 10 free fromair bubbles can finally be
obtai ned w thout any special treatnent. In addition, the ternms, any
speci al treatgisien afeerr the sgdhrcuisat hermatzorexpal | obgammindgulkitees Fhym
moving a roll while a pressure is applied froman end portion of the
surface of tmaterdedpashent t whibhpdselirnl. thé staBechofa bpingalsetr aas ment
cannot be applied in the case of a transparent touch panel 1 using the
gl ass subst r dtreankparanitngoaphi pahelsbt aspglescnilwédxdil chateske. t he
af orenenti oned air bubbl e absorbing effect at roomtenperature is quite
useful . 20 Furfiénelr,, tdverinet ik feirduly | fodndwidtie HouLh- i npait
type liquid crystal display device is described in detail below (Upper
Opti cal SPhasacbekskargncas Fkesp4 the Tordsgaredit ldonductive film and the
leads or the 1like . from unnecessary contact. (i.e.,
‘unnecessary overlaps). Normally, Dbefore . 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, or directly 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 filﬁl'6 and the stationafy-
20 electrode portion 5, the optically isotropic film 12 er the
glass substrate 11 having optical isotropy, which is the
target on which the stationary electrode portion 5 is to be
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



The upper optical phase difference film4 can be 25 gi ven a specified
phase difference by uniaxial-orienting an 56 un-drawn filmmaterial. In
this enbodinment, a rolled filmmaterial having a phase difference of 1/4
wavel ength in visible Iight of about 550 nmwhich is an exanple of the
wavel ength of the largest lumnosity facto%, by controlling 5 a
refractive index in an x-direction, which ig the optical axis direction of
the filmmterial, a refractive index in a y-direction perpendicular to the
x-direction, and a refractive index in a thickness direction of the film

material, which is a . z-direction perpendi cular to the x- 10 di rect i on
and the y- FTECHEHE p%ﬁEFQth ?egﬁF?ﬁﬁgy formedarer the lowegseptisalt he
upper optical phase_djfference %{In% 4, In addition when the |ower
optical phad®h3f§ S EFREENTe nf 60 Oni (RS GASRe1Ri PEEPBhYethengaBasasi 40t he
sanme as in the upper oaticar hase difference film4. 15 (Movable

El ect rode Porti®ncasef whggenh thendioveple ielardfadamputnrret 3 vést prevideni ng

part of the novabl e el ectrode portion 3 is formed on the rolled film -
material for WetBe UpPegpsRtiseli Rhasthdbftprengentelni bm 4.As tireodoks
of this film formation may be sputtering, 20 evaporati on, or CVD
process.5 Bt eridly firlrasiBhla¥ Eﬁethe 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 is done at a temperature of
not less than 100°C: and léss than 150°C for 30 - éO‘minutes

10 - (in the case where the stationary electrode -portion -5 is
provided directly on the lower optical phase difference film
6, needless to say, an upper optical phase difference film
whose phase difference 6f.1/4 wavelength is not changed by
the heat treatment during the circuit formation = is -
15 previously selected).
(Insulation Assurance of Touch Panel 1)
After the circuit formation, and before the

movabie~side sheet (upper optical phase difference filﬁ 4},
on which the movable electrode portion 3 has been directly

20 | fofmed( and the stationary-side sheet (optically isotropie
film 12, glass substrate 11 having optical isotropy, or
lower optical phase differenée film 6), 'on which the
stationary electrode portion 5 has been directly formed, are-

combined together to make up the tfansparent touch panel 1,

25 an insulating layer is formed on at least either one of the



transparent conductive film high tenperature treatnent needs to be carried

out as much as possible in order to renove the residual solvents in the
filmmaterial. This is because the residual solvents, if present, would

make it 25

57" Whereas the transparent conductive filmis deposited after the renoval
of residual solvents, it is necessary to f&mthe fil munder a t enperat ure

i npossible to forma stable transparent conductive film

of - 150[err]C or nore for stabler formation and hi gher strength of the
transparent conductive 5 film Accordingly, a film nmateria

having a

nor e heat,
ret ai ned.

thermal_deformation tenperature of |ess than 150[err]C would .
yi el d such deiefakketelretrede devntinn i didenandi ther stefilananylsdjeetrpBeor
so that the 1/4 wavel ength phase difference could not be

Aok ideaside caineprdst [tosavidish irs0ilatian 10eiluwesi| duer ésul t

in insufficient renoval of the residual solvents, 'so that a

stabl e, highcentagigt 6f tar alegrhr end @ondelbedturodd | hetwetn nhie heoodt abned.
since 150[err]C or nore heat treatnent is done for the renoval

Ther ef or e,
of residual

soiwaentsenbet e éndntoapervant tmetsl loriddtEioml ofS5circhits.

form ng the transparent conductive filmnust be a filmmterial having a
ther mal Jlef orBmddess t €operfimringf tA80(@sulating. layer may be' done by

10

15

20

25

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.

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
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
fi;m of the stationary electrode_portion 5. The surface.on
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 printing,

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



The filmmaterial wth a transparent conductive filmfor use of the upper

opfical phase difference film4 20 made in this way is generally
rol | - shaped. Therefore, the filmmaterial is cut into specified size for
citcuit formation so as to be fornmed into sheet-like filmmterial. It is

noted that one filmmaterial sheet, in sonme cases, corresponds to one
transparent touch panel 1, but w thout 25 64 being limted to this,
corresponds to any arbitrary numnber 58 of transparent touch panels 1 in
ot her cases. The cut filmmaterial sheet is subjected to heating process,
as required, with a view to redug¢ing any dinensional _errors in circuit

formation. - 20%he ankdigagy sconfigygations aks r EprYedomtizgctly enpeddisg e
of not less than 100[err]C and |ess than 130[err]C for about 1 hour.
Thereafter, t4@Rle cife PHPRRLLSROETaPRYIPTOFESEe BT iRt Whkshshr ®ns@etss,of
the rest of the novable el ectrode portion 3 is carried out. The process for
the circuit fa3 e drikeay e widieh Ap sotexed lrFormest icpritigy isf fosdtterned -
printing, roll coater, dispenser, or the like. As the ink used for the
circuit forneiliten, the nkonfighirahiant If ndpaopust i clBwe hapangrs gl edithionah
conductivity have been dispersed in a binder made of thernpsetting resinis
used, and aotsolimidted iln edmifbgurdlien opafbicubatiys 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 pm .and a height
of 1 - 15 jim with a spacer pitch of 0.1 - 10 mm fall upon
intersecting 'points of a plurality of lines crossing one
another longitudinally and 1laterally 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, in the case of the



15. printability so that the viscosity is adjusted. As the netal

m ¢roparticles used for the conductive ink, silver, nickel, copper, gold,
or the like is used. Hi gh tenperature drying process is performed for the
cwing of the binder and the renoval of solvents. The drying process is
done at a 20 tenperature of not |ess than 100[err] C and | ess than
150[err]C for 30 - 60 m nutes. Drying co Qitions are adj usted according
to:the ink used. Needl ess to say, a filmnmaterial whose phase difference
of 1/4 wavel ength is not changed by the heat treatnment during the circuit
formation ismFremiously sel ect ed. 59 When the circuit formation is

25
done in a muftYlHi@LimiPaEkern.e.  In Shet Ga5of whesei dihey seabianarpushde
panels) with respect to one film material sheet, then |arge quantities of
circuit - f or m8Pe9Y kS canfhéms ahiec fhaet sis cuif by dompsom didw cdiesng
of therolled filmand. in the circuit formation, thereis a need of
consi deri ng tWEWdinechPiohter, t k& dpe callkaxi s br the wgwe oftitde ghass
difference film4. As the reason of this, whereas the 10 l'iquid
crystal di spisapsfiratem 1l hedingbbpticala heatirepy,i Mdleidshge TNiandBTNby
systens, the angle fornmed by linearly
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
thical 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



polarized light, which is twisted and outputted fromthe liquid crystal
di spl ay, and di spl ay-screen side lines vary depending on the |iquid crystal
di splay system As a matter 15 of course, the optical axis of the
upper optical phase difference film4 positioned so as to forma specified
angle to this linearly polarized light vary in the angle formed with the
side line of the upper optical phase diffefénce film 4 depending on the
di splay of liquid crystals. However, 20 the linearly polarized |ight
tw sted and outputted fromthe liquid crystal display 2 and the side |ine
of the display screen does not necessarily becone 45[err], in which case
not wi t hst andialiglawtee bhei palocpdss ime htougserreguced) pHifdededitiifyer enthe
film4 is also not parallel to the side line of 25 t he upper optical
phase dif f er eadhedivenmgtaticalopet cddbulbkeéssidedOtape etPi ds dudrtdee ¢l aphag
direction of the rolled upper optical phase difference film4 are parall el
to each ot heperAgdurmy ngf ythe nmovebiet kdectiredepidordlicaxi®d of &bet Uppery
optical phase difference film 4 in the state of being 5 | ocat ed
as a nenber elafctrdue powvichonpanend happlsied)i senthatspee fivws aneterdédet he
side line of the upper optical phase difference film4, the foll ow ng
processeés ar @drtkitms 3n6 @ErMECesppoSed 0toi \ard @flgke, t anbharaH thragssor
circuit
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 is previously punched out into a frame shape.
10 .- These -are formed outside the perspective region -of the
-transparent touch panel 1. - When the adhesive material 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 recémmendable double-sided tape is, for
~example, Nitto Denko Kabushiki Kaisha's 532 or the like.

(Connector)
An externéllyftakeout portion (connector).40 for
20 detecting a contact position (i.e. input position) between
the upper and lbwer 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



formati on. For exanple, if the optical axis of the upper 10 opti cal
phase difference film4 of the transparent touch panel 1 should be angl ed
30[err] with respect to the side line of the upper optical phase difference
fidlm4, the filmmterial is cut into a rectangul ar shape of a specified
size, also during the cutting for circuit formation, in such a 15 manner
that the side line of the filmmaterial sh&ét after cutting will be angl ed
30ferr] to the side line of the rolled filmmaterial sheet, and thereafter
the circuit pattern is printed. Another method is to give an angle to the
pattern |l ayout. For exanple, in the_case where circuits are forned 20 by
printing, ~giRAYIGLAS adgl e oPT38PEr ALKkEn t Hdamidicdedautedhnartionayave of
the circuit formation plate nmakes it possible to cut the rolled film

mat eri al ver RXEN3ZAEQr ik Brawidgddiiecthen {omspanerd, touche danelerl,
case, because the filmmaterial sheet and the pattern | ayout are angled to -
25 each ot#iel presred rgainsheanddadbebeddbne thet icoaneartgire 40 6ila ganen
after the circuit formation in obtaining one filmmaterial sheet which is
in the state agfigsdinapiget copduReivearaghesine t adicha pdresipelrasimesorfi brdt

| ater). Further, during the circuit formation, it is also 5 necessary to
keep t hé tradsss ditancdR@i€: and flesm fhdnt hg0°C. _

This 1is 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 is described. .
(Bonding of Upper 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 above. 1In the case whefe 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
phasé difference film 4 on the _touch panel 1, or a
previously provided lamination of_the upper polarizer 8 and

20 the transpareht 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-
partiéularly limited in size, are normally bonded so as to

25 be equal in size to the touch panel outline or about 0.1 - 1



| eads or the like from unnecessary contact (i.e., unnecessary

overl aps). Nor mal | vy, before the <circuit formation, the
transparent conductive filmis preparatorily patterned into a specified
configuration. - The patterning 10 process may be print resist process,

or photolithography process, or directly pattern printing of the
transparent conductive film (Stationary EP®ctrode Portion 5 of Touch Panel

1):As to the formati on of the stationary el ectrode 15 portion 5, circuit
formation is carried out by the generally sanme processes as in the novable
el ectrode portion 3. In the case where the optically isotropic film12 or
t he gl ass sulbm dianer]ithhavichg sptesabfi ther bpychspaneht edtbiheeenThhs Lewer
optical phase difference film®6 and the stationary 20 el ectrode portion
5, the opti céecpuseot $bpimg f iduher? thamhdhy aseushbspamée bhtdviengwentgcal
I sotropy, which is the target on which the stationary el ectrode portion 5
is to be direeatise fidremethpdraspolemigercad andstheo tiraaispEiient NEIMRErSo dBe NOt
need to be angled for the cutting and circuit 25 formati on processes.

In the cas@orehdrigeliyheto spedl onbtly extéfnel eEbirede apltiicd) 5 Hewereect |y
formed on the |ower optical phase difference film6, the case is utterly
the sam® as ithe size is not limited to this.

. After the upper polarizer 8 is 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 between these
stationary-side sheet and liquid crystal display 2. The’

lower optical phase difference film 6 is, desirably,

25 overall bonded onto the members (glass surface of the



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. Hi gh tenperature
drying process is perforned for the. curing of the binder and the renoval
of " sol vent s. The drying process is done a tenperature of not |ess than
100[err]C and less than 150[err]C for 30 - m nutes 10 (in the case

where the stationary el ectrode portion 5 is provided directly on the | ower
optical phase difference film6, needless to say, an upper optical phase

di fference fi!n1whﬁse hase di fference of 1/4 wavel ength i s not changed by
the heat tr t © lﬁﬁ%i} diFelay r POt 1oPer N oROlpEizsr Oﬁre@%bﬁgly
sel ected). (Insulation Assurance of Touch_ Panel 1) After the circuit
formation, arRPH&ier e RIASSoVAbE ERESNfe shEMMY upkeeabedi can phhse liquid
difference filmd4), on which the novable el ectrode portion 3 has been
directly 20 CTr¥ddteddisphayt Rordriomlonery thedeligeed quysttiadal dispLay r @pi c
film12, glass substrate 11 having optical isotropy, or |ower optical phase
di fference fiS4A%) V1ien athi aghendvet matarial el eciheddopert iapt Fcdias phase
directly forned, are conbined together to nake up the transparent touch
panel 1,525 diffierienng atfildg | Hyemays fosr npdreparatorddyt bonded ote othehe
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 is performed. The pressure degassing process is
done at 40 - 8Q°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 is 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 memberfs) disposed on the
stationary-side sheet on which the stationary electrode
portion 5 is directly formed. The stationary-side sheet
may be bonded directly onto the member on the 1liquid-

crystal display side (in some cases, the lower optical

25 phase difference film 6 is the uppermost layer as stated



63.novabl e el ectrode portion side and the stationary el ectrode portion
side, in order to avoid insulation failures due to contact of a |lead and an
el ectrode between the upper and | ower nenbers, and to prevent netal
oxi dation of circuits. 5 Process for formng the insulating | ayer may be
done by print resist process, screen printing, offset printing, roll
coater, dispenser, or the like, as in the dfrcuit formation. Material used
therefor is an insulative thernosetting resin or the like. 10
"Also, in order to ensure the insulation between the transparent conductive
filmof the novable electrode portion 3 and the transparent conductive
fitm of- thésfienelonapy &asttbeddbopded ok 5ai rcasing owbhicpanisd prowmmdetio
enabl e snoot her OV OFF swi tching of conduction at operations 15 of
pressing or rheEtwedmgthhe stetisnafrycside tsheabbuehdpaiied mehipepsn ot thager
or .the like, a multiplicity of spacers 10 are formed between the |
transparent ddmhict i eey$tain displeynovaid e el @thepdbsppr tilen 3tandohhey-
transparent conductive filmof the stationary el ectrode portion 5. The
surface on 2Gide whieglt tday dEadenrsick) arerdldl neih i s grawspdyert elresiode
surface of the transparent conductive filmon at |east either one of the
stationdry ellegteroder portdanspardmtane-peelnshaklbe el ectrode portion side.
Process for formng the spacers 10 may be screen printing, of f set
printing, 25 di spendxtyr odesh-dhpute ltivike, byqwidchcihstspacgs spiQyof
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, in the 1liquid 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



64.any arbitrary configuration are fornmed directly. Al so usable are
phot ol i t hography process, print resist process, 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 sanme configuration and arrayed at fixed intervals so as to
eliminate any input-disabled portions and t/8 enabl e uniforminputs. Wen
the spacers are forned in a dot-like shape, the spacers are desirably made.
small in dianeter and 10 | ow i n hei ght. As an exanpl e, an arrangenent
pattern in which spacers having a dianmeter of 30 - 100 [err] and a hei ght
of-1 - 15 [erviewgd h afxqreicertipt cholosenvar - 19iden f abhdupobestiessecthag
points of a plurality of lines crossing one another |ongitudinally and

| ateral | y careridsli i getsibhyfurtction avbghingod hiompaitedn to 0 - 90[err] with
respect to one side |ine of the touch panel 1. (Cutting of One El ectrode
Sheet) The novabl e-si dActmeiigglper thet obdlechlsasef dthéefeneehf iddn 4)xtRN
whi ch the novabl e el ectrode portion 20 3 has been directly forned, and

t he stati onaremtsidienetieet ofoptheal pyesentr opmverdtion 12rel 2ss pubstifat eall
havi ng optical isotropy, or |ower optical phase difference film®6),

5 transparent touch panel 1 which is superior in surface
durability and prevented from moisture absorption into the
upper polarizer 8, as well as a touch-input type liquid
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 (transmissionh 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 éectional 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.



on. which the stationary electrode portion 5 has been directly

formed, with circuits formed on these sheets, are 25 further cut into
specified size, in the case of the 65 nultiple pattern. In the
case where the stationary-side sheet is a film the sheet is cut by
Thonpson dies, dies, cutting plotter, or tpsllike. In the case of the

gl ass substrate 11 having optical isotropy,“the sheet is cut by 5

scei ber, breaking nmachine, or the like.. . Particularly when the gl ass
substrate 11 having optical isotropy is cut,.. the cutting edge is

desirably put in froma surface opposite to the conductive film because the
conductive film surfacei% thy Hard sectionahevieWeshowimy aotavrhginphs
gl ass cross 10 section is cut finely, 3%$mbich strength degradation can
be prevent ed. tyReand hgeidn cEstpperdisnd avov@eVier alteagsaésshent tame TN)
Stationary-Side Sheet) The novable-side "sheet (upper optjcal phase 15
di ff erence fidgrd)dingh tghiac RodA&iratabneot| Elae r beler Poremkod Budras. been
directly fornmed, and the stationary-side sheet (optically isotropic film
12, gl ass substrate 11 Figsi nkp oift izate¢inapywiew showinepai talichhasput
difference film®6), on .which the stationary electrode portion 5 has
been S 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 film, 23 denotes a low reflection process, 24
denotes an antifouling process, and 25 denotes a hard coat

10 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

15 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 Qf the stationary electrode portion 5
and the circuit formation, as in the case of the upper

20 optical phase difference film 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

25 isotropy may appropriately be disposed between the



20. directly forned, are bonded together by adhesive material or
douibl e-si ded tape 19, by which a space layer 7 is formed between the

el ectrodes. In the case where circuits are formed in a nultiple pattern
preparatorily form ng the adhesive material or doubl e-sided tape 19 before
cutting 25 the upper and | ower novable and stationary-side sheets

66 allows the process time to be reduced, "&ficiently. The adhesi ve

material or doubl e-sided tape 19 is fornmed on the periphery of the novable
el ectrode portion 3 or stationary electrode portion 5 and applied so that
the two el ectrode 5 portions 3, 5 are opposed to each other, and then
press- fittedtransparent ckoia¢h peresude ansbpthedliquidheryatihésidiepiayerd al
in place of the double-sided tape 19 is fornmed by screen printing or the
li ke, and the(srriblBigi dekb)ltape tIf beonessing pwbidlidy mmthethmdiliityy a
frame shape. 10 These are fornmed outside the perspective region of the
transparent teucivgpkerd th thifsn dhelelhfdsise sudsmaie drl deler SptEddlape
extends to within the perspective region, imges at end portions of the
t ouch ‘panel beswmeopl f fawel tptefersed dueo t otkeepthdnnesAvaiihabltbeadkasitres
are acrylic, 15 epoxy-base, urethane-base adhesives, their
copol yness, embddimdritie, thad transparenibl resimibbeasedes t Beeing, dgtical
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 .thickhess of the
transparent resin plate 16 is 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, polyoléfine, or the like is used. The

25 thickness of the transparent film 22 is not more than 100



exanple, Nitto Denko Kabushi ki Kaisha's 532 or the Iike. (Connector) An
external |l y-takeout portion (connector) 40 for 20 detecting a contact
position (i.e. input position) between the upper and | ower el ectrode
portions 3, 5 of the transparent touch panel 1 is provided. The nethod
therefor may be a nethod that el ectrodes are routed fromthe two el ectrode
portions 3, 5, respectively, a nethod t hat 785 el ectrodes are routed from
ei ther one of the two el ectrode 67 portions 3, 5, or the like.

El ectrode-routed portions are preparatorily provided in the transparent
touch panel 1, and pressed agai nst and adhered to the connector 40 via an
ani sot r opi ¢ (t@nd@@(d[ Ve adtedsnablyr &0 tiamperature of not 5 | ess than
120[err] C and | ess than 170[errLC Thi s is the process for
~fabricating. the trandpdi®ntatdavhrpihertion Repcessesr deasr {23 .may be
fabricating the touch-input type liquid crystal display device by combi ni ng
t oget her t he RrQEdgshnbyY PerBornénygi ui doer ysefle¢dion (imptays 2.dms the
descri bed. (Bonding of Upper Pol arizer 8) The upper polarizer 8.is bonded
to the top swPkede irfage upﬁerth@ptﬂmsnﬁm’d: df f¥rer 2Acd afilnatédofon hehe

t ouch
5 upper surface of the upper polarlzer 8. The low reflection

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

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

15 Also, an antifouling processed layer 24 may be
provided by performing an antifoulinglprocess 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 nay 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-
processéd layer 25 using acrylic resin, silicon resin, uv

25 curing resin, or the like is formed.



panel 1 fabricated as described above. |In the case where a 15
transparent filmis further provided on the upper polarizer 8, the upper
pol arizer 8 and the transparent filmmay be bonded separately from each
other, to the upper optical phase difference film4 on the touch panel 1,
or a previously provided | am nation of the upper polarizer 8 and 20 t he
transparent filmnmay be cut into a specifi si ze and bonded onto the touch
panel 1. These films are bonded overall via a transparent adhesive
mat eri al . The upper polarizer 8 and the transparent film although
not particularly limted in size, are nornmally bonded so as to 25 be
equal in size to the toBehthanel thet | Loe-vefbdotion. prockssed68layer nias,
than the sides of the touch panel outline. This is because sizing outer
t han the toucbhparmiticiauliing wpulodessese Lhgeupp24d, pohmdi Zigie 8 landi t wat
transparent filmto be nore likely to peel with external force appli ed.
However, 5 préoeessed layaot 45 nnaedaleot Hhes. fokchmed tire oppeinpbles zer 8
i s bonded, pressure degassing process is performed at 40 - 80[err]C and 4 -
9 kg/cnferr] $eveddll -mdshsnanitsdown aBesause the upper polarizer 8, when
bonded on the touch panel 1, would cause air bubbles to be 10 m xed
between $he upper opticBy phasmgline ethacetdudhn paard 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 1light that has been transmitted through -
10 - the transparent film 22 from: the observer side passes
through the upper polarizer 8, becoming linearly polarized
light. ‘The rest of functions and effects are the same as in
the foregoing embodiments.
The touch-input type 1liquid 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 opticai axis of the upper optical
20 phase difference film 4 so that the two axes form én 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 1light or generally circularly polarized

25 light passes again through the wupper optical phase



the upper polarizer 8 or the transparent film the above pressure

degassing process is intended to renove those air bubbl es. By
performng this process, air bubbles are diffused while the adhesion
pr.operty between the filnms can 15 al so be inproved. (Bonding of Lower

Optical Phase Difference Film6 on Wich Stationary El ectrode Portion 5 is
not Directly Forned) In the case where the’optically isotropic film12 or
the gl ass substrate 11 having optical isotropy is used 20 as the
stationary-side sheet on which the stationary electrode portion 5 is
directly fornmed, the | ower optical phase difference film 6 1is disposed
bet ween thedéffeathoearfilm dd,shesduldnihg i goi dlingatky giodplraged. 1lidhie

| ower optical phase difference film 6 is, desirably, 25 over al
bonded ont overrhécatnmer £he( drassmnissibacaxief oft Hthe uriser ippilar irerst®)

di splay portion, or polarizer or other optical phase difference filns

| ocated on sbhehaki gaflectydt bigiit sgdmybeasupmesseai the |iquid crysta
display 2 side via an adhesive material . The | ower optical phase 5
difference film 6 naplsbe poeparsitiingy bthededowsr tbptpehari zHasy
ot her optical phase difference filmprovided on the liquid crystal display
portions anddilfeerbnpdedila thebetween 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 1light
emitted from the liquid crystal display,- colofing of-.the
display screen, .as viewed ffdm 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 improvemenfs, the liquid
crystal displays equipped with the transparent touch panels
accérding to the embodiments of the present invention can
offer a display screen which less reflects in a room with-

fluorescént lamps or the like or in outdoor places, high in

25 contrast and very good at visibility.



liguid crystal display portion, or may be bonded separately from each other
to the liquid crystal display portion. 10 After the bondi ng,
desirably, a pressure degassing process is perforned. The pressure
degassing process is done at 40 - 80[err]C and 4 - 9 kg/cn2 for 10 - 120
mnutes. By performing this process, air bubbles are diffused while the
adhesi on property between the filnms can al’ldo be | nproved. 15 (Bondi ng of
St.ati onary-Si de Sheet to Liquid Crystal Display Side) The stationary-side
sheet on which the stationary electrode portion 5 is directly forned is

bonded to a nenber on the I|qU|d crystal dlspl side by a doubl e-sided 20
tape or the |ike, togeTherabpye embriies %&éﬁmqmé@mﬁl@@ar P¥si de

sheet on which the stationary electrode portlon 5 is directly forned.
The stati onavyrtuee ohetheiny dsastdaddonsr cand y fyhcsions nasrbete sor ibiesl
liquid crystal display side (in some cases, the |ower optical 25 phase
di fference fabove, i can hereppde mstouclyemmy $tvaeed iquid) dryfsdiad) displeay be
bonded to a casing which is provided between the stationary-si de sheet and
t he menbers daevibe whiohdier ydighl ish spirdyrasitdeand Iidlernsgisibliéity by
stationary- side sheet may be bonded overall via a transparent adhesive
5 virtue of its capability of suppressing reflected light of
fluorescent lamps or the like indoors and reflected light
due to external -light outdoors by means of the upper
polarizer 8 and the individual layers behind the upper
polarizer 8. Further, the following advantages are offered
10 by virtue of the transparent film 22 laminated on the upper
surface of the upper polarizer 8.

That is, by the dlamination 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 contfaction and expansion as well as
distortion of the upper polarizer 8 due to the moisture
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 irregular colors do not occur, and moreover the



5 . layer or a transparent re-peel sheet. Next, touch-input type liquid
crystal display devices and nethods for fabricating the touch-input type
liquid crystal display devices according to fourth to sixth enbodi nents of
the present invention are described. 10 The fourth enbodi nent
has been achi eved for the follow ng purposes. That is, in the liquid
crystal display devices according to the fi*%t to third enbodi nents, there
have been sone cases where the following disadvantages are 15

i nvolved. 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 peanthpeflesticr funetion ds meverrkinpaipresbticability. 20

When noi sture is absorbed fromthe surface of the upper polarizer 8, the
upper pol arizer 8 becondithoughpriire fresamtr adniventdmd ekpansheen orfully
distortion, so that the upper optical phase difference film4 bonded to the
upper pol ari zées8rikedesint arvnneatiomyedvipzr t Ithe n pretfaniaid ormModimaraigie,
in which case irregular col ors beconmes noticeabl e as 71 vi ewed from

t he observethereoflewithndefelrenicdeto HHee accompanying drawings, it is

5 to be noted that various 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.



ant.ireflection function mght be inpaired. Accordingly, the objects of the
fourth to sixth enbodi nents of the present invention are to provide a 5
transparent touch panel 1 which is superior in surface durability and
prevented from noi sture absorption into the upper polarizer 8, as well as a

touch-input type liquid crystal display device using this neF , by —
sol ving the above di sadvant ages. 10 79 Now thel ﬂ "ILM
enbodi ments of the present invention are described in det
to the acconpanying drawings. Fig. 11 is a sectional VIEM/ShOMAng a
touch-input type liquid crystal display device (transm ssion type TN) 15
aceording to the fourth enbodi nent. Fi gCLAIMSs a sectional view showi ng a
touch-input type liquid crystal display device (transm ssion type STN)
according tolt.he fifthPenboadimeinputFi jypd3liguidsentysiradl displashodénica
t ouch-i nput -20 type liquid crystal display device (reflection type STN)
accor di ng t o halvdngi at AieuiddicmystalFddgspldyi $2anbekpwaaatouyhvpanedf (1 he
transm ssion axis direction and the optical axis direction in the touch-
i nput type |iigquiwhtclystal ubset apodavicer( Td) atsordiisppsed 26n art hepper
f oregoi ng enbodi ments of the present invention. :
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 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 1light 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
15 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 éxis of fhe'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



72 .Fig. 15 is a sectional view showi ng a touch-input type liquid crystal

di splay device (transm ssion type TN) according to a nodification of the
fourth enbodinent. Fig. 16 is a sectional view showi ng a touch-input 5
type liquid crystal display device (reflection type STN) according to a
nUdificatWﬂuu”g m ' nbodi nent. In the figures, reference nuneral 22
denotes a m nﬂmﬂ 23 denotes a | 8% refl ection . process, 24 denotes
an-anti fouling ptocksss and 25 denotes a hard coat 10 process. As the
base material for directly formng the stationary el ectrode portion 5

t hereon, the |ower optical phase difference film®6 (the fourth enbodi nent,
see Fig. 11) ther apfdclasxisuint rthe uopemvopliopt i phase sdi fbpyercder i
fifth enbodi nent, see Fig. 12), or the optically isotropic film12 (the

si xt h embodi it , aade kihg. D@ﬁibsluseaiSTheﬁe bhee haweri abptacel al shase
processed at hi gh tenperatures during the formation of the stationary

el ect rode podiiffiersnged fhbmci(@ui s fabowt i @9°, asndn whwraiaseanl ahgle
upper- optical phase difference film4. Al so, if pressing

stabili ty aformedr &y |they polavhianion caxheserfofthichanpeas pelbsidat e(d)L
havi ng optical isotropy are preferred to the thinness in the fourth-

embodi nmént:, antdr dnigpsErEnt. pebani pédit 2idght hahang iapt téabe 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) is 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 subsfrate'(ll) having
optical isotropy is disposed between the statiénary
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 (11) having optical isotropy.
4, A touch-input type liquid crystal display device
according to Claim ;, wherein an 6ptically isotropic film
20 (12) is disposed between the stationafy electrode portion
(5) and the lower optical phase difference film (6), and the
stationary electrode portion (5) is 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



25. | sotropy nmay appropriately be di sposed between t he 73
trransparent touch panel 1 and the liquid crystal display 2 (see Fig. 15).
If pressing stability—and-—durabitity equivalent to those of the glass
substrate 11 having ' i re preferred to the thinness in the
sixth 5 enbodi mnﬂj‘ﬁﬂﬁ‘!ﬂrﬂﬂﬂ“ﬂﬁmm resin plate 16 having optical

| sotropy nay appropri e @ sposed bet§ken t he 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 pol ycarbonate resins, acrylic
resins, or pdiffeyeoge frids ng‘l) aprdu§hg. loweThentticeknahmsefdifterence
transparent resin plate 16 is 0.3 - 5.0mm  Wth a thickness |ess
than 0.3 nmm fifm t(Gandearccr theyimalp| deforme tiion ¢ ameators ©f malr ebsssng
stability and durability and 15 therefore nore prone to yield recesses
or other def dhamt 1608Cdue to repeated inputs. Al so, with a thickness over
5.0 mm the transparent resin plate 16 would be heavier than gl ass,

I npracticabl é.as portall eemmphpimgit Thee ligahdpargstal fdilsplay2device
superi or in 20 transparency less in noisture perneability and
excel | et i nadicowdingnalo <tladiinl i2y wheteimsbothi thefl upgierorgpticalds phwse

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
10- 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 tduch—input type liquid cfystal display device

according to -Claim 3, wherein the upper optical phase
15 difference film (4) has a thermal deformation temperatu:;e 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

differénce film (4) and the optically isotropic film (12)

20 have a thermal deformation temperature of not 1less 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)

25 have a thermal deformation temperature of not less than



mat-eri al for the transparent film 22, polyethylene terephthal ate,
pof ybutyl ene terephthalate, polystyrene, polyether ketone, polyol efine,
or the like is used. The 25 t hi ckness of the transparent film22 is
not nore than 100 74 [err] and is preferably 80 [err] AI'so, a
| ow-reflection processed |ayer 23 may. be provi deﬂm lm r"l, | ow
refl ection process on the upper surface of8% he Imﬂ" , "“mZZ
| ami nated on the 5 upper surface of the upper pol &riZzer®8.5 The | ow
reflection process for formng the Iowreflection processed |ayer 23 may be
done by applying a low reflection material using a |low refractive index
resin such aslfPueroresin or silicon resin; or forming a netallic
mul tilayer film by evaporation 10 or the Ilike; or lamnating a |ow
reflection fllm or pRotevshngnpute typer fldemid ncoystal sdisplafi diestice
state by sandbl asting, enbossing, mat coating, etching, or the.like. It is
-al so possi bl eaceopdin®r nteondhyat dwas afionglatmse lowtoef L6¢t | ahepednesses.
15 Al so, an antifouling processed |ayer 24 nay be provided by
per form ng antramspaxening nesdnesplahet hel Gipphavingf aset béal hd dotargpar ént
film22 | am nated on the upper surface of the upper polarizer 8.

5 disposed between the transparent touch panel (1) and the.

liquid crystal display (2).
12, . A touch-input fype liquid crystal display .device
according to Claim 4, 9 or 10, wherein a transparent resin
plate (16) having optical isotropy is disposed between the -
10~ optically isotropic film (12) and the iower 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 um and not more -than 150 pm.
14, A touch-input type liquid crystal display device
according to any one of Claims 1 to 13, whérein either one
of a member on whiéh the stationary electrode portion (5)
has been directly formed and the liquid crystal display (2);
26 and all of the stationary electrﬁde 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.



Al so, a hard coat processed |layer 25 may be 20  provided by perfornng a
hard coat process in order to protect the transparent film 22 | am nated
on the upper surface of the upper polarizer 8 fromwearing-due-to_presses

bysfinger or pen or the |ike. For exanple, the hard coat
25 using acrylic resin, silicon resin, U 25 curing resi '@Qfmﬂfﬂ, "iﬁ”"l
Is forned. 75 Further, the Iow—reflectl@ﬁ processed | ayer+

antifouling processed Iayer 24, and the hard coat processed Iayer 25 nay

al so be forned in conbinations of several rreans as shown above.

By arranging _the touch Eanel 1 and the up Oﬁol arizer 8 in the above
constitution,1¥eflected| FgREhaimpeh thee) |]gﬂﬁlui cFHeptat r dispkayr w@vicen

be suppressed in the followi ng manner. |ncident |ight that has been
transmtted t3FUGHIED tOt@YtrCm%pa@EntCl&imﬁin 22 tbrodd,t heherleder ver

side passes through the upper polarizer 8, beconing linearly polarized
light. The riemnsgaranict ifaA8 afd2ef f dovs e ndbsbuane geimedadid iftor egoidng

enbodi ments. The touch-input type liquid crystal display 15 devi ces
accor di ng t o SURerilsoy eirenBoueneihosabf sthbipityerdts laminated on an upper
5 surface of the upper polarizer (8).
le. | 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 (é). |
| 19. 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 liquid crystal-
display device, an upper polarizer (8) is disposed on an

25 upper surface of a transparent touch panel (1) in which an



I nventi on have the above constitutions and functions, and thus produce the
following effects. That is, by setting the poIarLzaLLgnnast giﬁLhe.upper

pol arizer 8 and the optical axis of the upper opti
ditference film4 so that the two axes forman an ﬁ j! nlru Ilmldent
light enters into the space |ayer 7 of the transp 1 as

circularly polarized light or generally 8frcularly polarlzed I'ight,
and reflected circularly polarized |light or generally circularly
pol ari zed 25 light passes again through the wupper optical phase

76 difference film4, resulting in linearly ébiarlzed i ght vertical to the
transn1SS|onum93¥(ﬂpﬁﬂﬂaLuﬂhﬂSQMﬂkﬁfQﬁﬁnQ¥ nm héd) ramdeat dawerghptégalbe

suppressed. Al so, by setting the | ower optical phase 5
di fference fidhase bhdtiferende fblsoh (Paneirel dhspesed| Wathd crysace daypkay
2 in such a manner that the optical axis of the |ower optical phase
di fference fi{7h 6 intempeaedngtkevébabween90[ €he] tuppdre optiedl axphasé
t he upper optical phase difference film4 and noreover fornms an angl e of
about 45[ err dif¥@erence |fiidaar{4) psdevinedtdi ghtet hatphalseuldblzsy cuf pat L4
fromthe device surface out of the linearly polarized light emtted from
the |iqb d cwavedlendithpltay incddeati Agght blfea center wavelength within a
visible region and having a movable electrode portion (3) on -
.a lower surface :thereof, and the lower optical~.phése
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) ié
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



di splay screen, as viewed fromthe observer side, can be suppressed, by

which a display screen which is high in 15 contrast and free from
col oring can be obtalned Furt her, _Lﬂ_Lhe touch-input type liquid crystal
di spl ay devi ce, ptying a Tower reflection process to the upper nost

surface of the deV| ce m“mlnlmmlum t at the uppernost surface is
suppressed. 20 1“‘ o5t hese inprovenents, the
liquid crystal displays equifppéd %ith the transparent touch panels
according to the enbodi ments of the present invention can offer a display
screen which less reflects in aroomwth fluorescent |anmps or the |ike or
i n-out door plredsrinedhlighkSemittedt faom dhed Mdguigbarrattali sdidglidy. (2)
77 The above enbodi ments of the present invention, by virtue of their
constitutionsianaofunctions as descri bed above, can provide a touch-input
type liquid crystal display device which is high in contrast and high in
visibility by 5 Vi rt theohethsdcapmprisiwygof suppressing reflected |ight
of fluorescent lanps or the like indoors and reflected |ight due to
external |ight outdoorsobyatrang of at hemopgislepolide i zeshdetand Bhye  after
I ndi vi dual | ayers behind the upper polarizer 8  Further, the follow ng
advant agks arpepfbeméndg a. heat treatment for removal of residual
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

10 . treatment for reducing _dimensional errors involved in
formation of leads, forming leads of the movable electrode
portion (3), "and further performing a heat treatmeﬁt 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 fesidual
solvents in film material of the lower optical phase
difference film (6), forming a transparént eléctrically
conductive film for the stationary eiectrode portion (5)

20 © directly on the film matérial, and after performing a heat
treatment for reducing dimensional errors involved in
formation of 1leads, forming 1leads 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



10 - Dby virtue of the transparent film 22 |am nated on the upper surface
of the upper polarizer 8 That is, by the |lamnation of the transparent
film22 .onto the upper surface of the upper polarizer 8, the surface

durability bec [ that the surface of the 15 upper pol ari zer
8 can be prf“ n@ml ﬂ tﬁﬂﬁg damaged even with pen input or finger input
or the like!% il v ®hi nation of th&%ransparent film22 onto the

upper surface of the upper polarizer 8, noisture absorption fromthe
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 mii%%wure absorption can be suppressed. Therefore, variations of
the retardation value of the upper optical phase difference film4

| ani nated on the upper YRtidatiag g tegiethersupprestembs-sidd r sbgettar and
colors do  not occur, and _ noreover the 78 antireflection
function is Aderstalisneay-sddehsbgetthe present invention has been fully
described in connection with the preferred enbodi nents thereof with
reference to the acconpgdn ndagviaaitigy, thei sifper polbeimered(&)habnvasmous
changes and nodifications are apparent to those skilled in the art. Such
changesfhnd 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.
10 20. - - A method for fabricating a touch-input type liquid -
. crystal disﬁlay-device having a liquid crystal display (2)
below a touch panel (1), wherein in the iiquid crystal
display device, an upper polarizer (8) is disposed on an
upper surface of a transparent touch panel (1) in which an
15 upper optical phase difference film (4) and.a lower optical
phaéé difference film (6) are disposed with a space iayer
{7) interposed therebetween, the upper optical phase
- difference film (4) serving to give a phase delay of a 1/4
wavelgngth to incideht'light of a center wavelength within a
20 visible region and haviné a movable electrode portion (3) on
a lower surface thereof, and the lower optical phase
differgnce film (6) serving to give a phase delay of a 1/4
wavelehgth to the incident 1light of the center wavelength-
within the visible region and having a stationary electrode

25 portion (5) on an upper surface thereof; and a lower



modi fications are to be understood as included within the scope of the .
present |nvent|on as deflned by the appended cl ai ms unl ess they depart

t herefrom A touch-input type liquid crystal display
devi ce having a I | qU| mmﬁ lﬂlm ‘IE (2) bel ow a touch panel (1), in
whi ch an upper pol ari d on an upper 5 surface of a
transparent touch panel” in hi ch an. per optical phase difference

fitm(4) and a | ower optlcal phase dlfference 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 wavel ength 10
to i ncident Pedhrigera (O¢ntier dismpslssdgtdn vt howen sisifbbe odgitire ahigirayi ng
a novabl e el ectrode portion (3) on a |lower surface thereof, and the | ower
opti cal phasergsthér eisplayl nt2)6) wemdimg dm amgke afphmed Bgl ayn dbpeidd
wavel ength to the incident |light of the center wavel ength wthin the:
visible 15 axiegiodh t@ml tppéngoptitali phasg elieffleretreepof 110N (4 H) a®idl ad
upper surface thereof; and a | ower polarizer (9) 1is disposed on a |ower
surface of thelbirdmationyakak difspiry Wgher Welsrizan agpl esf elymd bys |n

optical axis of the upper 20 optical phase difference film(4) and a
pol ari z&ti onaaxiengife formed by an optical axis .of the lower  optical
--phase difference“film.(G) and linearly polarized light that
is to be outputted from a device surface out of linear
polarizatioh 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 iinearly'polarized light that is to
be outputted from ‘the device surface out of 1linearly
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 ih film maferial of thé upber 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

25 formation of leads, forming leads of the movable electrode



t he-upper polarizer (8) is about 45[err], an angle formed by an optical
axis of the lower optical phase difference film(6)_and linearly polarized
light that is to be outputted froma device surface out of |inear

pol-ari zation emtted fromthe 25. liquid crystal “mmmlu)m "ﬁlﬂm
45[err], an angle forned by 80 the optical axis o

phase d| fference film(4) and the opti cal 8Ri s of the | oner" gti ¢al *phase
di fference film (6) is about 90[err], and wherein an angle formed by the
pol ari zati on axis of the upper polarizer (8) 5 and linearly polarized

light that is to be outputted fromthe device surface out of |inearly
- polarized |i QRTERT t é8) f r 3G hEUTHeRF dPerforaing spl Apat2)tiealgggmt r for2.
A touch-input type liquid crystal display device according to Claiml,
wherein the gvemnmapg diadendefioink pdthi omhieh) tine f beadd diawet bgean

the | ower optical phase difference film(6).. 3. : A touch-input type
liquid cryst dforiemhl 85 dadlasichor dienptal Gbﬁim]lvemberefntheginks
substrate (11) having optical isotropy is disposed between the

stationary 15 el ect rdd@ puimg oa (Shataiwhdrie-didler shpeitcdby plfaseing a

difference film(6), and the stationary electrode portion (5) is forned

directlyd on tﬁm@mmtﬁhacettmc(aﬂm)y reondurctoipte cBl lmsbor ophe stationary
electrode portion (5) directly on a. glass substrate .(11)
having optical isotropy, forming leads of the stationary
electrode portion (5), and performing a heat treatment for
curing of binder of ink with which the leads have been

10 formed, as well 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) is 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



4. . A touch-input type liquid crystal display device according to
Claim1l, wherein an optically isotropic film20 —(12) 1S disposed between

the stationary el ectrode portion (5) and the | ower ' mm I ference
fil-m(6), and the stationary el ectrode portion (5) ﬂm“ﬂ l‘ﬁmﬂﬂ y on

the optically isotropic film(12). 5. A touch#i nputt type®li quid
-crystal display device 25 according to 8Pai m 2, wherein both the upper
opti cal phase 81 difference film(4) and the | ower optical phase
difference film(6) have a thermal deformation tenperature of not |ess than
150[err] C. 6. . A touch-input type liquid crystal display device 5
accordi ng t opPbiegiemdffeganes nfbbnh (bhe afpedizprsed| wpbkhs@ dspdee ehsperi| m
(4) and the |ower optical phase difference film(6) have a thernal
def or mati on t@dperinterpagfechot thesebetiseen,70[ he] Cupper optigel ouphabsaput
type liquid crystal display device 10  according to Caim 3, wherein
the upper. opififezencghdddmdi (4)ersemweing | bo (4iveas phelser mlagefal nat Lo
tenperature of not |ess than 150[err]C. 8. A touch-input type liquid
crystal dispwayedenigth &ocdndidgntt dightapi a3¢centber wameléhgthuppehin a
optical phase
5 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
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) is
about 45°, an angle formed by the optical axis of the ﬁpper
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)



15. difference film(4) has a thermal deformation tenperature of not |ess
than 170[err]C. 9. _ A touch-input type liquid crystal display device
according to Claim4, wherein botiithe upper optical phase difference film

(4) and the opticall mlm l (12) 20 have a thermal deformation
tenperature of not | " 'E”" C. 10, A touch-input type liquid
crystal display device acc&rdegsto*Clmlngﬂ wherein both the upper optica
phase difference film(4) and the optically isotropic film(12) 25 have
a thermal deformation tenperature of not |ess than 82 170[err]C 11.
A touch-input type liquid crystal display device according to any one of
Clains 1 to 18, %0ferein a transparent resin plate (16) having optical
i sotropy is 5 di sposed between the transparent touch panel (1) and the
liquid crystal displaythe)method comprisimgith-i nput type liquid crystal
di spl ay device according to Caim4, 9 or 10, wherein a transparent resin
plate (16) havi ng opti obhktaibdngopyai s do¥pbteds bde weeghadie 10y, omitent |y
isotropic film (12) and the |lower optical phase -difference film(6).
performing a heat treatment for removal of residual
5 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 in
10 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
15 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 stationafy electrode portion (5) directly on the
film material, and after performing é heat treatment for
20 reducing dimensional errors involved in formation of leads,
forming leads of the stationary eléctrode 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,

25 laminating together the movable-side sheet and



13.. A touch-input type liquid crystal display device. according to
any one of Clains 1 to 12, wherein a thickness of the upper optical phase
di fferencefitm(4) s not Tess 15 than 50 [err] and not nore than 150

[err] 14. mmmmmm t type liquid crystal display device according
to any one , Wherein either one of a nenber on which the
stationary el ectrdde™poftidn (5) has been %1rect|y formed and the liquid
crystal display (2); 20 and all of the stationary el ectrode
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 |iquithecsfationarypsigdeasbeqlinesi vel y bonded overal | by a
transparent adhesive |ayer or a transparent re- 25 peel sheet. 83 15.
A touch-input type |iqdiathigyatsing thepluppedevPelbarteer dilfy ten adR owePSF
Cainms 1 to 14, wherein a transparent film (22) low in noisture :
per meabi | i t y ssrfaseperi othé nuppeenopdigalstritide tgifierentamatédmon4dn epper
5 surface of the upper polarizer (8). 16. , A touch-input type
| i qui d cryst dhedimepladn] ecteiidee sheedr dindg therélafitar] Perfiignuhiery conpréeéssuge a
| ow-refl ection processed |ayer (23) on an upper surface of the transparent
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
12 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.



film (22) lamnated on the wupper surface of ‘the upper 10

pol-ari zer (8). 17. A touch-input type liquid crystal display device
according to CGlaim15, further conprising an antifouling-—processed [ayer
(24) on an upper surface of the transparent fllnllanlnatedtin t he upper

surface of the upper polarizer 15  (8). 18 otk W'ﬂﬂﬂmm

liquid crystal display device according to2@ aim 15, furth
hard coat processed | ayer (25) on an upper surface of the transpared& i | m
| am nat ed on the upper surface of the upper polarizer 20 (8). 19.
A nmethod for fabricating a touch-input type liquid crystal display device
having a |iq@#d crystal® dimgtikgd (2fobel fabrnicatihgpaael tohrh-whpuei ntiypet he
liquid crystal display device, an upper polarizer (8) is disposed on an 25
upper surfacdigfuig Emaﬁ$pérddspﬂaucdepénelacmprdmnghtohaay one8é fuppatms
optical phase difference film (4) and a | ower optical phase difference film
(6). are di spdsed twi t R4 spduerdiayertid) pressupesedeyhesbhgt weebcessheis
upper optical phase difference film(4) serving to give a phase del ay of
a 1/4 5. weedfomged abt #Aci-denfCl aglt4of B keNtet feavaloergtie owidihivt e .
5 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 . afe-
preparatorily provided in either one of the movable
electrode portion (3) and the stationary electrode portion
10 .- (5), and after laminating together the movable-side sheet
~and the stationary-side sheet, and - pressed against  and
- adhered to'a connector (40) via an anisotropic conductive
adhesive at a temperature of not less than 120°C and less

than 170°C.

15



visible region and having a novable el ectrode portion (3) on ..a | ower
surface thereof, and the | ower optical phase difference film(6) serving to
give a phase delay of a 1/4 wavelength to the incident |ight of the center
wavel ength 10 within the visible region and having a stationary

el ectrode portion (5) on an upper surface thereof and a | ower polarizer
(9) is disposed on a |l ower surface of the I|qU|d crystal display (2);
wherein an angle forned by an optical axis of the upper optical phase

difference film(4) and a 15 pol ari zation axis of the upper polarizer
(8) is about 45[err], an angle fornmed by an optical axis of the | ower
optical phase difference film (6) and BEFERAGE pol arized light that is to

be outputted froma device surface out of |inear polarization emtted from
the liquid crystal display (2) is 20 about 45[err], an angle formed by
the optical axis of the upper optical phase dlfference film(4) and the
optical axis of the | o YpPPtalpqditasieeat] f (&) erdse disposs) pn awuupper
90[err], and wherein an angle formed by the a polarization axis of the
upper polariﬁ@ﬁf@$ﬁ afd &i heanbpapehtr teughl pghelt WY iin 2Bhicht anbepper
outputted fromthe device surface out of linearly pol ari zed 1i ght
emi tt ed 5 r omoptd dailquihdiser yditffertingys afid @) (4)s @0 ear Joweheopetiball phase
conpri si ng:
: 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 1light of a center wavelength within a wvisible
10 - . 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 wvisible
region and having a stationary electrode portion (5) on an
15 upper surface thereof. A lower polarizer (9) is disposed on
a lower surface of the liquid crystal display (2), where an
angle formed by an optical axis of the upper film and a
polarization axis of the upper polarizer is about 45°, an
angle formed by an optical axis of the lower film and a
20 polarization axis of light emitted from the liquid crystal

display is about 45°, an angle formed by optical axes of the

two films is about 90°.



obt ai ni ng a novabl e- si de sheet by, after 5 performng a. heat
treatment for renoval of residual solvents in filmmterial of the
upper optical phase difference film(4), formng a transparent electrically-
canductive filmfor the novabl e el ectrode portion (3) directly on the film
material, and after performng a heat 10 treatment for reducing
dimensional errors involved in formation of |eads, formng | eads of the
novabl e el ectrode portion (3), 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 solvents of the ink, 15 . obtalnlng a
stationary-side sheet by, after perfornming a heat treatnent for renoval
of residual solvents in filmmaterial of the |ower optical phase difference
film(6), formng a transparent electrically conductive filmfor the
stationary el ectrode portion (5) 20 directly on the filmmterial, and
after perform ng a heat treatnment for reducing dinmensional errors involved
in formation of |eads, form ng leads of the stationary el ectrode portion
(5), and further performng a heat treatnent for curing of binder of ink

w th which the Ieéﬂagjﬁ-1 have been fornmed, as well as for renoval of

sol vents of the : :
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i nk; | am nating together the novabl e-si de sheet and the stationary-side
shéet; then |lam nating the upper polarizer (8 on an 5 upper surface of
t he upper optical phase difference film (4) of the novabl e-si de sheet and
thereafter perform ng a pressure degassing process; and |am nating together-
the stationary-side sheet with the liquid crystal display. 10 20.
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 device, an upper polarizer (8) is disposed on
an upper surface of a transparent touch panel (1) in which an 15 upper
optical phase difference film(4) and a lower optical phase difference film
(6) are disposed with a space |ayer (7) interposed therebetween, the
upper optical phase difference film(4) serving to give a phase del ay of
a 1/4 wavelength to incident light of a center wavel ength within a 20
vi si bl e regi on and having a novabl e el ectrode-portion (3) on a | ower
surface thereof, and the | ower optical phase difference film (6) serving to
gi ve a phase delay of a 1/4 yavelength to the incident Iight of the center
wavel ength within the visiblgliregion and having a stationary el ectrode 25
portion (5) on an’uppsg rface thereof; - and a |ower
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87 polarizer (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 polarization axis of the upper
pol-ari zer (8) is about 45[err], 5 an angle forned by an optical axis of
the | ower optical phase difference film(6) and linearly polarized Iight
that is to be outputted froma device surface out. of |inear polarization
emtted fromthe liquid crystal display (2) is about 45[err], an angle
formed 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[err], and wherein an angle fornmed by the polarization axis of the
upper polarizer (8) and linearly polarized light that is to be outputted’
fromthe device surface out of linearly 15 pol arized light emtted from
the liquid crystal display (2) is 90[err], the method conprising: obtaining
a novabl e-si de sheet ~ by, _after performing a heat treatnent for
renoval of residual 20 solvents ing film mterial of the upper
optical phase difference film(4), fofnm ng a.d ranspar egt electrically
conductive film for the novable ?féekiode) por ,on)'(S) directly on
the filmmterial, and after perfama ¢ \ .
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treatnment for reducing dinensional errors involved in 25 formation of

| eads, formng | eads of the novabl e el ectrode portion (3), 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 solvents of the ink,
obtaining a stationary-side sheet by formng a 5 t ransparent
electrically conductive filmfor the stationary el ectrode portion (5)
directly on a glass substrate (11) having optical isotropy, form ng |eads
of the stationary electrode portion (5), and perform ng a heat treatnent
for curing of binder of ink with which the | eads have been 10 forned, -as
wel'l as for renoval of solvents of the ink; laninating together the
‘nmovabl e- si de sthq’ ngithe stationary-side sheet; then, Ilamnating the
upper polari zer 5? an upper surface of the upper optical phase
difference film(4) 15 of the novable-side sheet and thereafter
perform ng a pressure degassing process; and |am nating together the

stationary-side sheet ygph the liquid crystal lay wi,ith the Iomer
thtgébetmeéﬁp

optical phase differende f|In1‘6 nt er posed S |
-ét§§§§$éé:plsplay devi ce

A nethod for fabric ';t\n..‘\‘u\.wm‘u;gu\\a.'ﬁ“‘m;
having a liquid cry —gt-Sptoy—4%2) > f
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bel ow a touch panel (1), wherein in the liquid crystal -display device, an
upper pol arizer (8) is disposed on an upper surface of a transparent touch
panel (1) in which an 25 upper optical phase difference film(4) and a

| ower opti cal 89 phase difference film(6) are disposed with a space_

| ayer (7) interposed therebetween, the wupper optical phase difference
film(4) serving to give a phase delay of a 1/4 wavel ength to incident

li ght of a center wavelength within a 5 vi si bl e regi on and having a
novabl e el ectrode portion (3) on.a lower surface thereof, and the-

| ower optical phase difference film(6).serving to give a phase delay of .
a 1/4 wavel ength to the incident light of the center wavel ength within the

visible region and having a stationary electrode 10 . portion (5) on an

upper surface t reof and a |lower polarizer (9) is disposed on a-

| ower surface of quid crystal display (2), wherein an angle fornmed by

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

pol ari zation axis of the upper polarlzer % i s about 450, 15 an angl e

formed by an optical axis ®fQhe 30\/\9 |cal1 hak(® d|3fere film(6)

and linearly polari zes- A Kx' e ny*pgff ou gﬁice surface

out of Iinear polarizatpiets ,e ,‘/3p., AP FORY: d sRlay (2) is
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about.  45[err], an angle forned by the optical axis of the upper 20

optical phase difference film (4) and the optical axis of the | ower optlcal
phase -difference film (6) is about 90[err], and wherein an angle forned by
the a polarization axis of the upper polarizer (8) and linearly polarized
light that is to be outputted fromthe device surface out of linearly 25

pol arized light emtted fromthe liquid crystal display (2) 90 i s
'90[-err], the method conprising: obtaining a novabl e-side sheet by, .
~after performng a heat treatnent for renoval of residual 5  solvents in

film material of the wupper optical phase difference film(4), formng
a transparent electrically conductive filmfor the novabl e el ectrode
portion (3) direcgy opathe filmmaterial, and after perform ng a heat
treatment for redtdQfgSAi nensional errors involved in 10 = formation of

| eads, formng | eadS” of the novabl e el ectrode portion (3), and further
perform ng a heat treatnent 4fpr rin b|n I nkgwi't h whi ch the

| eads have been forned, as :' C% a Zova ﬁ(’)f Ofs{?)lv ts ofl& he ink, .
obtaining a stati of F‘l&\\ e[ mng a heat.
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solvents in filmmaterial of an optically isotropic film(12), formng a
transparent electrically conductive filmfor the stationary el ectrode
portion (5) directly on the filmmaterial, and after perform ng a heat
treatment for 20 reduci ng di mensional -errors involved in formation of

| eads, formng | eads of the stationary electrode portion (5), and further
performng a heat treatnent for curing of binder of ink with which the

| eads have been forned, as well as for renoval of solvents of the ink, 25

| am nati ng toget her the novabl e-side sheet and 91 the stationary-side
sheet; lam nating the upper polarizer (8) on an. upper surface of the upper
optical phase difference film (4) of the novabl e-side sheet and thereafter
-performng a presiﬁ_ge v1 Ldegasm ng process;. and lam nating together the
stationary-side the liquid crystal display with the |ower

optical phase difference film(6) interposed therebetmeen 22. A
nmethod for fabricating a 1 ch% & ?y231%9 id crystal display
devi ce according to any o2 [ 9 271 the heat -treat ment
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tenperature of not less than 150[err]C. 23. A method for
fabricating a touch-input type 15 liquid crystal display device
according to any one of Clainms 19 to 22, wherein the heat treatnent for
reduci ng di mensi onal errors involved in-the formation of the leads is
performed at a tenperature of not less than 100[err]C and | ess than
"130[err]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 treatnent for curing of the binder of the ink with which
t he | eads have been forned, as well as for renoval .of the solvents of the
ink is performed 25 ‘at a'tenperature of not |less than 100[err]C and 1ess
than 150[err] C. 25. A nethod for fabricating a  touch-input
~type liquid crystal display device according to any one of Clainms 19 to
24, -wherein the fqagﬁRT;S degassing process is perforned at 40 -
80[err]C and 4 - 9 ' r] for 10 - 120 m nutes. 5 26. A
method for fabricating a touch-input type liquid crystal display device
according to any one of Cains 19. $ 0 wherein el ectrode-rout ed
portions are preparatorig 0pr o\8 34 n Ei EQO ori of 3 he novabl e

el ectrode portion (3) and |t stht f opar yfelfectlr ode hpor fi on 10 (5),
after laminating to PP-stH SR Ao 19
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and the stationary-side sheet ,
(40) via an anisotropic conductive adhesive at a tenperature of

connect or \
not | ess than 120[er

-

and pressed agai nst and adhe

r]C and |l ess than 170[err]C. 15
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Fig.17
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