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-Descr‘t ption of Invention 1. Field of the Invention The prgﬁefejfjl.ﬁ 02
‘i nvent @&&to a liquid crystal display device including a nmeans for
det ect\&\m ron to which a pen or a finger of an operator touches. 2.
Backgr dosob2* Di spl ay devi ces using various schenmes for detecting a
t ouched p05|t|on as described in NIKQE BYTE, p.285, May 1998, end Monthly
Di spl ay pp.76-103, July 1996. Such schenes include an anal og capacity
coupling schene, a megiBQUED! ARYSIRIE DBSBIAYalEAVILHEscheme, an
ultrasoni c wave schene, etc. Such position detecting nechanisns are
typically referred to as touch panels. To use the touch panel in the
di spl ay device, a glass substrate used as the touch panel is overl apped on
a screen of an , ., 03 J UL 2Q02 -2 inmage display device, such as a
CRT, as in the caf®ethided\Mesdmihbieh of ether Ineantnisgn Accor di ngly,
the size of the touc panel is larger than the size of the inage display
device by --..t least the size of touch sensors. In the resistive film

schene, 1t wo presistewad |1reitd on

The present invention relates to a liquid crystal display
device including a means for detecting a position to which a pen

or a finger of an operator touches.

2. Background Art

Display devices using various schemes for detecting a
touched position as described in NIKKEI BYTE, p.285, May 1998,
and Monthly Display pp.76-103, July 1996. Such schemes include
an analog capacity coupling scheme, a resistive film scheme, an
infrared ray scheme, an ultrasonic wave scheme, etc. Such
position detecting mechanisms are typically referred to as touch
panels. To use the touch panel in the display device, a glass

substrate used as the touch panel is overlapped on a screen of an
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di sposed to face each other, and a touched position is detecb:dggy
‘contactlng portions of both the resistive filns contacted by

'way of the resistive filmschenme, a resistive sheet made of tﬁ% agﬂéégng
resistive films is adhered on the screen of the inmage display device by an
adhesi ve. However, it is inpossible tg achieve a high resolution in the
resistive filmschene. A Japanese Pubfil shed Unexam ned Patent Application
9- 322073 discloses a renote control unit in which a pressure sensitive film
form ng i r r i e |1 er p l'iquid
crystal gm£§$ aiéegﬁgéﬁiﬁ#ﬁ %Egﬁ Pl%gtgteg%§|5%t§¥ aéggtgg %ﬁ#&%FJapanese
Publishedauhem@mamedﬂﬂ&uem@chppbncaﬁponrdﬁnQHB7@hd|sckeseé e dleectri cal
tabl et deyj | hc electr I e e Vi.ng

el ect i cal TSt oot e HRas RS S8, DY LRE HEldsl 1 SRUBL CasRER T e R

Pat ent 4]498% 58% diisad adegomchosehseeasor of the anal og capacity coupling
schene and a linearization pattern provided on an outer peripheral portion.
US Patent 5,365,461 discloses an alternate use of a finger and a pen as an
i nput devi ce bf the tenichtivenddimofchime antiogesdpadiveyftbuplarg schene.
03JU onbi a r C §P§ I o] i mge
di spl ay é %?%%ééuc :§§Qge%?aufgﬁgg s%g %‘é a% d o%ggﬁo?h%§?%%§% %%ﬁsor
has beenbmve¢mt¢mﬂﬂhqnpqzuign§enfobotheth¢qﬁﬁ&ﬁ&hﬁwgtéhlmbsp¢m§aqkﬁd(hy arhe
pr obl em se hj q&% d j{qui d
crystal g?§ |gp(§EVIé§,%§ighE %?ﬁét ﬁ% %%ﬁg |?%ﬁe§§k%$1 ﬁgv%ouc sensor
itself. ﬁdad@f twm, adhiegechage iggavet §iiss deyragihededsanmahy $trede of

|nvent'OEhé@fﬁﬁégrﬁhéﬁl%ﬁn%e@ﬁggcbyogntQ@hééﬁ“ﬂ“'Hy%evgberft'fsprov'ded a
l'iquid crystal displ evice conprisin first substrate and a second

subst r at émp%siﬂ%%llftct y'ﬂ‘cé‘flel"leqé‘l BlQF‘y§?§Pl‘&"e’rqr§ iy §pSssashbetiveRnfisldl d first

and secogdhém@stzt;ajzﬁsane%ep@u@uuéﬁsddms@@mém Eeaa;leeltf Applisabedd ate on a
si de opp lurality of liquid st al n electrically

S
conduor T §e53 5005 G SRy B rameteo PRt EoY i e dTaihich B FTASI Ebst r at o,
for detesénhsgtpasitinn ffrmdhg apuesdevice ﬂms@ea;ﬁmp@an%gnﬁé Sllﬁlﬂﬂjﬂaﬂ_d.yt o}

said fil id electrically canducti film bei dlrec d to sai d
Dol ar | 2eSveRRBIRTS Ghi Y e EENPERD LR GenT :E8oBEtaTe SRRt st iy

pol ari zeprandssen cof iakstutsubstw.ate, and a |inearization pattern is forned
on an outer peripheral region of said electrically conductive film
According to another aspect of the invention, there is provided a liquid
crystal di splayaieanese Eopdiisdiedg Ungxpinired sRisintaferahdabiercodimP1l879

substrat gj sa1 Hbak ald ton fe dilcQui dabh¥st abvLsd |§1di'u%19.ﬁ§egnb§ié!‘€@fhéﬂl% first
and second substrates; a polarizes disposed on said first substrate on a

si de oppBeRERCEhYY ?ﬂ%ﬁ%ﬁ|§ﬂ$95fhﬁyéﬁﬂd EeGistifaldel condyRt by ece e age
conduct i ¥evitéa pheposedtheoweerogacdspol ari zes and said first substrate,
for detecting position of an input device based upon signals applied to
gaid film said fil mbeing deposited directly on said first substrate, and
wherein a |inearpaiagntont 188, &% dd skdpred zmntcamrowte@Bopeoi:‘ptﬁees aanalegi on of
said fil Accor di t.Q ang r ect ventl re, i rovi ded
apolarlz?% %% c%§§blln %%. a%%glér%géggrlzcﬁl gﬁeg?rlcg (%%ﬁdﬂ%tive
f||n1|ntegraﬁtgrcmemmgnﬁraﬁ1pgmtdon 0 3JU ,~~ 3a

US Patent 5,365,461 discloses an alternate use of a finger
and a pen as an input device of the touch sensor of the analog

capacity coupling scheme.



pol arii zes for detecting position of an input device based upon signals
applied to said film wherein said filmis continuous between e{bg

>J 200

pol ari zes, and a linearization pattern is forned on an outer periphera

region of said electrically conductive film According to stil

anot her

aspect of the invention, there is provided a |liquid crystal display device
conprising: a plurality of liquid crystal cells disposed between a pair of
substrates; an electrically conductive filmintegrally di sposed on one of
sai d substrates for detecting position gf an i nput device based upon

i

signals applied to said film wherein s

d filmis continuous between edges

of said one substrate, and a linearization pattern is formed on an outer
peri pher al regipn of , sai d el ?%tcgl cal I% onducltjl ve film Brjef Descrllftl on

O combige ¢ pylog iqueh sesor Witkiddiria

of the Draw ngs

If "RFRABE ISP iy 5P Su¢

Pt ure

shows. t ne® SHEICGYSATafte] el Y S mrusmiel RGP E Mot foRl el seriiP Bl oe”
capaci 1Y GOHRIGLISSHANP 1o AU e AORNP hidey i TARIEN By RABAL oo e

5 shows t i nearization pattern. ure shows

I neari zation

pattern. bt 6f theSIMUE chidtal Ql'isg?’a'%r &Rdel ok 108 dile' I Hickneds dMel bl d

crystal display device of the

résent invention. Figure 8 shows one exanple

of the sigmsbr iREHC &S sddIGo)BRY Rtdge Auality id@eg@iRIJOg capacity coupling schene.
Figure 9 shows the touch pen used in the anal og capacity coupling schene.

Det ai |l ed Description of the Present |Invention

Summary of the Invention

According to one aspect of the invention, there is provided a liquid crystal display

device comprising: a first substrate and a second substrate; a plurality of liquid crystal cells
disposed between said first and second substrates; a polarizer disposed on said first
substrate on a side opposite said plurality of liquid crystal cells; an electrically conductive
film, disposed between said polarizer and said first substrate, for detecting position of an
input device based upon signals applied to said film, said electrically conductive film being
directly applied to said polarizer, wherein said film is continuous between edges of one of
said polarizer and said first substrate, and a linearization pattern is formed on an outer
peripheral region of said electrically conductive film.

According to another aspect of the invention, there is provided a liquid crystal
display device comprising: a first substrate and a second substrate; a plurality of liquid
crystal cells disposed between said first and second substrates; a polarizer disposed on said
first substrate on a side opposite said plurality of liquid crystal cells; an electrically
conductive film, disposed between said polarizer and said first substrate, for detecting
position of an input device based upon signals applied to said film, said film being
deposited directly on said first substrate, and wherein a linearization pattern is formed on
an outer peripheral region of said film.

According to another aspect of the invention, there is provided apolarizing device

comprising: a polarizer, and an electrically conductive film integrally disposed on said



Fi g. 1. shows one exanple of the liquid crystal display device proyi gj W th
the touch sensor of the present invention. A liquid crystal Iayeb§ USL ZUUL
sandwi ched between a gl ass substrate 8 and a gl ass substrate 18. The two
substrates 8 and 18 are nmade of the glass material, and the substrate 8 is
called as a cell glass, and the substrate 18 is called as a color filter
glass. A TFT array 10 is forned on a surface of the substrate facing to the
liquid crystal layer 12, In which the el ectrodes for each PEL y, -, 03
UL 2Q02 -5 (picture elenent) are arranged. A color filter layer 16 and an
Indium Tin Oxide (1 TO |ayer 14 operated as a common el ectrode are forned

on a surface of the glass substrate 18 facing to the liquid crystal |ayer

. | ati I.ffusi. h d a backligh ' d
égloo?i o QUMFER Ot gehefhb oRUBF o7 BT Binef oFflEe Prgliaet ?f@%@@iﬁ%ﬁgﬁosﬁgf i
[ ' i [ .ate 18
Pt oo yora A ERP R n G R vPRRES ch ol APk B 3 PR b Bnord o ©
the pri 0ris|fj)1§l&5ddoncz;{nycﬁftc§'!§)eﬂ%ﬁﬁbﬂ)éﬁfaﬁ\éifgﬁdQfe%ﬁ“gzlaﬂ%g ec{i{) ffig art. In

accordance with the present i1nvention, a positl ecting electrically

conductive fil méRrdifg adR0anoferh h8 inkeRHGYSL j igliddM gl the
position detecting eI%ctricaIIy cﬁﬁgﬂgﬁ?ggﬁ?ﬁfnf26&?§‘§§§@?%§3h85¥€%§§ t he
subst r at edi&;ﬂayaﬂdvib@eorlnpﬁﬁﬁ'gzza?@h&éﬁt?'tdiﬂiqi@@ ickystal ceipd Gﬁ?bsﬂ:ﬁ WhR6dn & padrlof
conductive film20 can be integrally provided on front or rear surface of

t he substsubsteatds3 anelechizafiplcanduzdse fitn iflopallddispogedt dieoreagadaid subgtr@bs for
detecting the position, the position detecting electrically conductive film
20 can bedetestingpasition pf avinpatidoncd besedtihen signdds bpplied tdQaidr filnh) evipedinsiides 6.
However, it is preferable to provide the position detecting electrically
conduct i VINF 1§ gertinuges Repyeeshtddges of oridmbney stbstratee apd| aatingarzatidn pattérarist han
a positiqg a&%acent tothe ITOfilm14 to increase an accuracy of the

posi ti on QEREEPR ARyCWpRatpheirl kgipn of sgidl ecirdenllyfondursive fidm. el ect ri cal

effects on the liquid crystal layer 12. In the case that the position
detecting electrically conductive film20 is fornmed at the position

adj acent to the ITOfiIml4B iigis mecesgﬁry o i.nsert an electrically
insul ating filmbetween the BSEASEPLM tthﬁ%a&i"égﬁri cally conductive film
20 and the ITOfilm14. In the case that the position detecting
electrically conductive film20 is disposed between the substrate 18 and
the color filter layer 16, the color filter layer itself operates as the
insulating layer. In addition, a layer of |ow dielectric ,, 03 JUL?~p~ -6
constant material may be di sposed between the position detecting
electrically conductive film20 and the ITOfilm14 in addition to the
color filter layer to increase the insulating function by reducing the
capaci tance. As described above, the present invention is not limted to
the structure in which the position detecting electrically conductive film
20 is directly and integrally nounted on the polarizer 24 or the substrate
18, and the present invention is realized in the structure in which the
position detecting electrically conductive film20 is integrally nounted on
the pol arizer 24 or the substrate 18 through the color filter layer 16 or
anot her | ayer. Mire preferably, the position detecting electrically
conductive film20 is disposed between the polarizer 24 and the substrate
18. Typically, the upper surface of the polarizer is a rugged surface
formed by a non-gloss process. In this case, it may be difficult to forman
uni form position detecting electrically conductive film In the case that
the position detecting electrically conductive filmis fornmed on the
surface of the polarizer, it is necessary to forman additional protection
| ayer. But, if the position detecting electrically conductive filmis
formed between the polarizer 24 and the substrate 18, the polarizer itself
operates as the protection film Next, the nethod for detecting the
position in accordance with the present invention is described. In the
anal og capacity coupling schenme, the touch sensor is forned by coating the
glass with the position detecting electrically conductive film and form ng
the el ectrodes at the four corners of the glass. An electric field of |ow
voltage is uniformy distributed over the position detecting electrically
conductive filmby applying an



03J UL ~pp~ voltage to the electrodes at the four corners. g3$‘9QH9QDgQ
*a position of the sensor surface capacitively couples the underFy¥ ng

‘conductive filmto ground. The coupling capacitances in the case that the
finger of the operator touches the surface of the polarizer 24 of FIG 1
are the capacitance through the polarizer in series with the capacitance of
the operator's body ' to earth ground4. Each of resistive val ues between the
touched portion and the respective electrodes at the four corners is
proportional to a distance between the touched portion and the el ectrode.
Accordingly, at each of the electrodes at the four corners, a current
proportional to the distance between the touched portion and the el ectrode
is detected. The position is detected by calculating a positional

coordi nate of the touched portion based upon the currents detected by the
respective el ectrodes. The value of current detected in this schene is
about several,,m craq anpere and a tectiqn _accur of about 1 nano
anperes is r%’q%‘i“?eegl. sﬁioé’.SZ%Eﬁo%n%r% re 'L{C%luﬁ:c?l 8§i ﬁégrgéﬁlﬁ%r%ﬂﬁﬁa , R3
and R4 displkeyn ddweldoucheteppresemt aitdrdriidanespecti ve el ectrodes at the
four corners, and Fig.3 shows an equivalent circuit thereof. In the case
that the electric field of the | ow voltage distributed over the position
det ecting el Bigured Ishceenduet analdd | gapacipar freopiliebysdneior m t he
posi ti onal coordinates can be cal cul ated by the foll ow ng equations.
X=[(12+13)-(14+11)]/[(12+13)+(14+11)] .... (1)

Y=[ (1 2+] 1) - (Fé4gu3) |3 [shicksl Bhe( kA2]1dg Jcapacity2couplin® 8Scherkt, 2Q-~ s
Fig.4 shows the distribution of the electric field lines 30 when the
voltage is applied to the el ectrodes at the four corners. The electric
fields distrFbutes brshcws posi tinpadsratcidmepagitesnri cally conductive film
are nonuni form as apparent fromthe tact that the electric field Iines 30
are curved. The linearization pattern 22 shown in the Fig.l is provided to
change the cE#@@Hﬁéﬁéﬁﬁﬁﬁtthﬁeﬁén?@¥E%?§kPqlﬂ@tﬁﬁﬁés of the uniformelectric
field. The linearization pattern 22 can be fornmed between the position
detecting electrically conductive film 20 and the polarizer 24, as shown in
the Fig.l, ofFi®e¥swrriovshéheubsbeat?atg dhd3th&Positi on detecting
electrically conductive film20. Various types of the linearization pattern
22 are possiple, and the Fig.5 shows one exanple of the |lineagization

pat t ern. ThePb?%E?r d%§“§?t§Fe0698§iﬂﬁﬁxﬁF‘fﬁ£t$8uFtEBFE%F§,° nd he

| i neari zatiuHa eayiexNsiidplaredprove defl tHonydskatedgeentidhe position
detecting electrically conductive film Fig.6 shows the distribution of the
electric field lines or straight equipotential lines 36 in the case that
the ideal - Figewnei¥ahaws ioper edbinpdel. of theheiRinglopropessinai ght

equi pot gpLLat 1 bhnes 3 R 194eBhYasPegeshbud N Rt ReheWRrds, the straight

equi potential lines 36 are so distributed that the adjacent equipotenti al
l:i nes 36 are separated by an uniform space, and the above descri bed
equations (1lyighse (2)srah@ ¥nenkyubh pére e84 pot enki ahahbgesaphcate strai ght
and evenl Paced. In the present invention, the position detecting

el ectri €8 Pi ROndcTSe filmis integrally formed on the polarizer or the
substrate which are the conponents of the liquid crystal display device. In
the prior technal og ing. the gla sub%trate provi ded
with the posi SS5R2HEREHSH 24y B G AW eREAOhared as a
separate conmponent, and this touch sensor is nounted on the screen of the

i mage -9 0,3J UL 2002 .. ,
Fig.1l shows one example of the liquid crystal display device

provided with the touch sensor of the present invention. A liquid
crystal layer 12 is sandwiched between a glass substrate 8 and a
glass substrate 18. The two substrates 8 and 18 are made of the
glass material, and the substrate 8 is called as a cell glass,
and the substrate 18 is called as a color filter glass. A TFT
array 10 is formed on a surface of the substrate facing to the

liguid crystal layer 12, in which the electrodes for each PEL



di spl.ay device such that the touch sensor overlaps the screen of I1Ag
Wi splay device. In this case, the weight of the glass substrate onwgﬁémifiﬂoz
touch sensor is added to the weight of the imge display device, the total

t hi ckness of the inmage display device is increased, the fabrication cost is
i ncreased, and the inmage quality is degraded by the additional interfaces.
Further, there is the possibility thak.the touch sensor nechanically
nounted to the i mge display device mght be disengaged fromthe inage

di spl ay device due to an expected shock, so that this type of touch sensor
was unsuitable for the portable type image di splay device. The liquid
crystal display device of the present invention is a quite preferable way
to realize an i mage display device having the position detecting neans of a
hi gh sensitivity and a high resolution. In general, the inmage data signals
in thehi ﬂ@g@tdképéﬁé’m&ﬁw Caieamr@ﬁgédinummmwaﬁ‘jjlegar A@fy@rcdneghyd am hhe
case tha ver si g asured as fo int
present EH@&HWI%ﬁn $%% ﬁéﬁ? ng%E%r%m%ifﬁtﬁbéP OBy ESFgE dRue to

t he vari atriecofo@fedihén sa gsnﬁi&ceTbe masgtxmrrtubstﬁm dase€aefingheol tigei d
crystal di,spl.ay devic atfected. b e no since th otentia

of the P lq@l@ch%ﬁt%f %3ﬁﬁt| FBM% B2 cé fﬁéﬁﬁﬁtgﬁtFBF ngth%dd%nth
eIectrod@ab&lﬁghedZoarerﬂmapdsédabnaapr@mmmentnr&utﬁxﬂe ad ithet bebstiatag
schene of he Ie trod in,t d, gryst evi ge Sy

possi bl e ttc'i u g t nede mﬁ)rrys agctlra g_lr § g E?%tlaq%%%a)élll l‘134%1ex s%leéhg bet ween
t he posi tanoppgetete i sugr £d @ tafi ¢ablyub@hdmbelh%‘ﬁqIUhéHluqmddtheyEFalarray
10, as a i_se.shi ACC n st I y _de e can
realize 9%&e%o%?tlgﬁgd% ﬁl ﬁ%% a#%% §%§c£i %hf%Fzgtg.Sg g%%ch is
nor so mpahioaf fléquid ¢mysﬁaildm39ésy devicsg quadlwxused 4n0tmhearhve1med
driving sg I | t aj y devi ce
Since |t ARG rRaraLny sty AEesgRt Eab it I, AP RTER SorCePRheY e
accunul ateee@ttr@n@lévdeormuqmefel |fq&md2@ry%teﬂldechyeﬁclttwgtlhgtlgt heshogsi d

crystal "o?ted%kgﬁtFQéaix’?qdhl%{?rtHe %HQBléﬂV@éE@&ﬂ{%\@f&:t&‘iI&%@ yl s used, the
simlar shield effects are expected he net hods erformng the

i nvert ed SORNCREVE chite %Qei%aﬂﬁngPﬁQe?%?%ﬁ?WrFW@n%H?%qﬁ§tﬁoP§rPP9 BRet he
P][EL ﬁl ectyndeiker Q@pfdtt@tpdﬁtll@vleataeectmé-l éIW(ﬁiﬁ]!dHl(:}Jyn cehbeBribe polmrity
of the cq ectrode for eac e is inverte nver si on
in which Ztrghgaﬁokﬁrtt’?e%’f‘a]t}hye pcr(?rWréﬁ e?%c?’?%’b‘e ?%rre@arcr?“fr%g‘ﬁg Pg *”h?/erted
etc. Irtddmstease (0]} 6hetnknpdnmmemeroﬁ4 t ben stiet thefthectcapabél €xpect ed
S|nce t he ntla of th tro LS. always fixed ver, in
The case S A EABE R AR AP Tind TEnBOGA | PO et O SIEEEHGHTARY ect i ng

el ectri ca:idnyiucd;muacfllﬂe 20 Icmn dbeelistegrahly praEf\fJetﬂceder)rhtEhethﬁVer si on

si nce th%u%%t%atba%ooértﬂeefl i G0N Ehe6t rgfetSr) rﬁv@rtseqyrelf@ﬁ@ﬁfé g§ince the

potential 1s varie period, 1t Is possible precise g det ect
the toucREPVRES thenposw%maﬂnage%%t@w X e 1v8r FALROR

concl usi QN pdsti tidnPEssSkRhe ¥ xcshthel dol hei géf exd Sraﬁhémehra@ndogbg@tt@ﬁl on of
the potentjal of the PEL_electro e comon el ectrode. is desired

to integrPAIRFeRbuRP th POl ’Hﬂhqget8ct?ﬂ§e%§%dt9|%ﬁﬁ95?9¥aﬁéuEEFve film
onto she pggistivat @et8coOing pqreltabnz end 2do oflettendd card undlepieedsel y
conpensat the electrical eff ts due t.o_the vert ed i ving,schene.

t he case T1¥at rﬁﬁ3?t8tthgg%ﬁ§br ncﬂaaf%gcthet%géf er]'d‘{letiec%h'ﬁgcase
electrl(uﬁﬂa¢ ¢09dpoBtVEOm|denec11mguatedtnncahkycmmnduhtxwe tthémi pagesdi spl ay
device, the distan n r t hg | film and
t he p05|t|on e%gcg gge ec r|ca %§g§gnﬁﬁc?f% Pﬁ§ M lngl'zlc,‘thnggg)over time,
so that triweogssecyateonpersatiroreleatrnoslbe pesibrtenl Gdmsbeésweng theat the
pol ari ner, % ¢ s - GeBolPfngURIJALR 18, cond&)c@l@e%Llnzwaner%hadteéed by
the adhesive in many cases, it is extrenely desirable to integrally nount
t he posi tfiigm déteéﬂlh@ee¢@%ﬁrﬁhﬁﬂ lthecBAdbEt PV el §eh D@ @depﬁel§abévrate 18
to suppr %%o%c%%ecwtﬁl 26NANGE YosRATBRENALH O Of s @ tker N3l a3hr egs due
to the variation of the conponent nmaterial- based upon a | apse of tine and
t he t enpetrdiyr €ideerhbaveni Humtheverloa £hikerilawer diplfaceerateahaeh is
transpar et anduhasiag vaidor my esisstive, val ug ean pe dised ascthecposition
detecting electrically conductlve film and t he exanpl es of the materi al
are I TO (IndiumTin Oxide), 1ZO (I ndiumZinc Oxide) etc.. These filns can
be formed by a physical filmform ng process, such as a sputtering, and a
chem cal filmformng process, such as CVD. A preferable range of the
resistive value of the position detecting electrically conductive filmis
200800 ohns/square, nore preferably, 30 0500-ohns/square. If the resistive
value |s snaller than these values the accuracy of the p05|t|on detectlon

T r b1 L o



03J UL 2002"' -12 Rpattern f side ) -< O . 5Ra~ ect (WH ) ( §

:Rpattern ( top) - <0 . H5RaE=ect ( HAW) ( 4) Rpattern(5|deﬂ) eHJEszﬂﬂz
the resistive val ue of one of eIectrlcaIIy conductive strlps di sposed at
the horizontal edges of the four edges. "Rpattern(top)" represents the
resistive val ue of one of eIectrlcaIIy conductive strips disposed at the
vertical edges of the four edges. "Radtect" represents the sheet
resistivity value of the position detecting electrically conductive film
"W represents the length of the horizontal edges of the position detecting
el ectrically conductive film "H' represents the length of the vertical
edges of the position detecting electrically conductive film In the case
of the portable liquid crystal display device, since the avail abl e space
for the linearization pattern is usually only 2~3 nm it is difficult to
decrease the resistive val ue of the Iinearization pattern. For this reason
the resisti f Sity. e ctrlcall C film
shoul d Be SeP&ct eg%Fgl%E pg?’g%evgil(ég?g%cc%%%‘?%% é@t 8%%{; g
I|nearlzdmmanlbeddweson@scﬁivaﬂﬁadm WﬁeandheheeENSUhMmladlue bddmheensnall.

The case, shirah dos o e o8l 10} eeuraloLbe {Abri,6ati 00 98688107 bpat the

position ectng e con rve frim2b e”but si de
surface.KﬁdadmagsmbetcapeCﬂfhnMﬁ cm3|geepp@eedeabmvekmthaabmesEmtter | ayer 16.
The col ar, ;ay 16. 1 It y e

substra?e f fa# ?T§§¥ 1&€§&?§k?gb%E?Eg%H?ﬁ€92% Eg% g%éﬁbg% and

t he posv&aﬁﬁ¢td@9e@ﬂEﬁgre¢@iiy|Qﬂﬂdmyte@ﬁdﬁelmv%0 l&adhnaﬂtiw esdf or med on the
Opposi t%xﬁéfgfraa‘i% OTno}JH{?eé%?ﬁ{rPet ?o&%mﬁe{:f@ %Petk{ T QuibsiPatd 9B, thRy
position tectl ectrical on uctlve m 20 can bé inifi al X f or med.
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such as 't he sputterl ng, he conti nuous process becones OSSI | e"and
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val ue arh 19R0VS o est 2Bi bl tansafebaaysed as the material of the
|l i neari zation pattern. For exanple, Ag, MoW chrom um oxi de can be used. To

formthe linearization pattern, the electrically conductive material can be
directly deporirdee@re@eraplynkHen pd?.ﬁtlilohhﬁeeéetcirt(j cAldat raeadugt i ve materi al

di .h ' be d t Vi
pr ocessar et vs B HCPReS SFiRRD. ERtE v, P, Pt rrad: aanee
et chi ng, smhatran@nlbe mypdcarﬂyxnnhethepbrnearfae&imﬁ1qnﬁ1paimrlﬁeg ¥ssaows
anot her 5@8 ?Bﬂﬁ&ﬁ“b VeRhL pﬂos.%” Foge £ gf Tn | %21635 tc%%esuk?’e‘t rate

18, the p tlon tec ctricalfy 2onguctTve
| i near i zaﬁy &e ﬁétftféﬂHlQZthﬁoﬁﬂh@np@FlalfPf@spQﬂl%hgi@cq%teﬁlguct ure shown in

the Fig. élé%ft%l%éqw condBEt PRSidiian dat esti pgsel @ty igRl lppsaenddctive film
20 is forned on thé substrate 18, and the |inearjzation pattern 22 is

f-ormed SR IAG euleﬁéFiL%Hﬁélcor‘@g‘FGﬁVSf FEHR posTAmRT @8t &b gyrface
el ectri cad |t§hé3@'d>(1u@tllz\ée fit nis?(hedeﬁstahyster’rb@ﬂh rentaddiitd osiaze of the

ol ari zes .S S Ier t t iz t he 03|t|on det
gl ectri &4 2':3?0567? YyE: fgﬁn Zlgte tE‘ hpPﬁéFl?ﬂe ‘bef%trllrﬁgeé’ﬂfg%cg‘&tlycont act
t he | i nearridzattiioe galimets fﬁrmdd1hﬂtwabhethatpokmmmzhnnzm andhehpol ari zes 24

Ty CONtaglsdfisd Lgeathgallon AL SLACPE hOrLiLS £ASG Ll liegy zati on

pattern may s i‘ci'en suc e po arize *§688  not
adhere tfilnhe position detectlng electrically conductive film2~ and an air
gap fornms between the polarizes 24 and the substrate 18. It has been

confirmed that when the |inearization @ 0 3 ~ a ~ Zoo2
Next, the method for detecting the position in accordance

with the present invention is described. In the analog capacity
coupling scheme, the touch sensor is formed by coating the glass
with the position detecting electrically conductive film, and
forming the electrodes at the four corners of the glass. An
electric field of low voltage is uniformly distributed over the

position detecting electrically conductive film by applying an



-14 pattern is formed by screen printing, the linearization pattern is
'typlcally sufficiently thick to forman air gap. It is possibl :
the generation of the air gap by slanting the linearization paﬁt% ﬂ@zwﬂz
addition, the air gap can be mnim zed by decreasing the thickness of the
Iinearization pattern. For exanple, if the thickness of the linearization
pattern 22 is | ess than about 10:m thE generation of the air gap can be
significantly reduced wi thout using a smaller size polarizes. However, if
the thickness of the linearization pattern is thinned, its resistive val ue
beconmes | arge, and the accuracy of the position detection is degraded.
Accordingly, in this case, it is necessary to formthe |inearization
pattern 22 using a low resistive material such as a MoWor chrom um oxi de
or other suitable material. Such materials nmake it possible to formthe
| i nearization pattern 22, having the thickness of the range 0.01l: mseveral
:m whi chybsiaybtablgd Q_;rleta%%oa@g Lo dhe feseRrnkR¥eNvhONtoldiy & shows one
exanple of the signal processing operation E in the present invention. The
pot ent i al PAgLhipRa’tirdie HensRe épég%%maétlttlr‘félwoepueé?ﬁe‘%%e of the

position dateel NGy edsfdddiaale ¥ieandsicdiomd.i | mhef cblg1i AgoeasH Sl Acdevi ce
40 are anplified by four | ow noise a ifiers 42, the values of the

nuner at or 4"afifet PRSI HdiCofdNEETt P fdfLANSERE OF 1 F ouAReT 2yherirface

operativeby PhOCESES: idy anal.ggrier m ta&eswmeara@pdbﬁtghe@ceh&b@wttrfe 44.
These processed val ues are selectlvegéasent to a filter 48, a lack-in

anpl i fi er PSOABRECR HatIRF 197 ddtat BRE SPRAF L AN PfI EREsCOBBLAEPR] F AR v
'convertedtbOeQrghm% ot a Hiehal FARDs COMMEY el ueB. bEReecdhgthal tsladhedr e sent
to a conputer iich the operation based upon tge % uations (1), and (2)

i s perforRB4t f8 AL D FIHEHILPL T o&%‘{)&tné—[ & &PUFheCTBched porti on.
After theppepbttOo@hl GQDI’&(ﬁdl&ﬁ:@ﬁb@ B@thmdlratteda, tiohehpaspbioieh ami)rtdienate |s
sent to a _software iver ., whic ypi ca nul

a nouse oSiFg%F%ﬂetg&%%%Wﬂ\%\q\Yar F'%u‘ga% er%ttl on$ Sﬁ%Fﬂgeﬁaﬁ%It%%r¢°ége of the
l'iquid crystaérd;s&!eqmmhnﬂ(pzopEthema&nﬂqath&ndaﬁeaateonetwmemkthm ng a line
based PO oBeRbi! Bl Yol oUshed; LIS s AQLARELAL ! o1 90o £l IGKTND an

i con d|splaye at g tout por ron, etc. veniion can

det ect théepestecﬁolmlca:bmlchtnalgeabyoemmalt w@orndngeteocﬁthleetmmhq@en The
current opotbRoyobiage ith ReicSBLEELAL akddie RNy Ak REBHAL: gl ected at

the four corners In accordance with the characteristics of the finger or

t he touchepestra@est i aivcalrfafptre deted@d@dhynt KB1F| AgkeMerals dioér
fromthe pbysieal myvatdegalRet ednlyatderdauch peRurBclf sEeaboeper afdmnal
tabl es can be selectively used dependi ng upon the finger node or the (touch
pen node. FRETER +EEHB WS the finger node and the touch pen node can be
performed as follows. In the finger node, voltages are applied to the touch
screen corners nd the curren drawn t he finger Loggro d e ures.
Fn-pen node, tﬁg volgége i% aﬁ%ﬁﬁéd %@1n é%”?%%?égd gf #% @%uéﬁPg§reen
and the cbetenes tmg emleuledwtp@rtchens@m@etrhebwetsrp@cpeﬁeaeéeq@a@@#sadat -thiee
circuit cagyhecs éf@eda@ftwi%e@ LAk Yo MRLNGAS A eRCEALEOPhULdd . dif her a

finger or pen is etect shows a structure of the touch pen 60. It
i s possi bltéet gagapkhie the efi%élrépoﬁl‘?hjﬂfe tder doti FRLBRIAPPI §F HiPuted

predet er meRad vRbt @u@fbﬁ he e p@pecﬁlsﬂapml donBi@cé4veSesuproyunded by a
shield cabl e 66. e touch pen 60 %as a head portion 62 nmade of the

eIectrlcaPF§f€6EHﬁ%%YV%P%ﬁﬂ§ﬂw ahenBontetPntl £9oesddrageporei o Any

el ectri calchy ccoadugtbyernmt@yiialiganeeatises.as the material of the head
portion, such as a netal, an electrically conductive plastic, a plastic in
which the electrically conductive material are dispersed, etc.. It is T
0 3 J UL 2002 -16 preferable to use the head portion made of the material a
mai n part of mhlch f t he sur ce of the
panel from bei ng scra gﬁggtﬂTthgggiz?tllnve t|on h]rearlze e thin type
liquid crystal display device with the |ight melght so that it becones
possible to realize,t tabl cr |, . di splay device. The
present invention canpf% 11 7e thé&égf/tlﬂ%HHBf ?%e%e Eched pog?%lon wth
the high sensitivity and the high resolution by reducing the effects of the
noi ses due to the variation of the image data. The present invention also
can suppress the undesired generation of the air gap by reducing the
effects of the rugged structure of the linearization pattern.




D3 J,UL 2p~~ 17 CLAIMS: 1. A liquid crystal display device corrp[r]i&iJUj_l ?gaz
I rst substrate and a second substrate; a plurality of liquid crystal ce =

di sposed between said first and second substrates; a polarizes di sposed on
said first substrate on a side opposite said plurdlity of liquid crystal
cells; an electrically conductive film disposed between said polarizes and
said first substrate,: for detecting pgsition of an input device based upon
signals applied to said film said electrically conductive film being
directly applied to said polarizes, wherein said filmis continuous between
edges of one of said polarizes and said first substrate, and a

| ineari zation pattern is formed on an outer peripheral region of said

el ectrically conductive film 2. Aliquid crystal display device
conprising: a first substrate and a second substrate; a plurality of |iquid
crystal cells disposed between said first and second substrates;

a

Dl ural ity of Tiqa drarperas varreBiREbareE ok BRATIRRRE sy o0

di sposediimst ien vedicdgpol arads eantdosahe ¢lectirodes at the four
corners. The electric fields distributed on the position

i detecting electrically conductive film are nonuniform, as

apparent from the fact that the electric field lines 30 are
curved. The linearization pattern 22 shown in the Fig.l is
provided to change £he curved electric field lines to the lines
of the uniform electric field. The linearization pattern 22 can
be formed between the position detecting electrically conductive
film 20 and the polarizer 24, as shown in the Fig.l, or between
the substrate 18 and the position detecting electrically
conductive film 20. Various types of the linearization pattern 22
are possible, and the Fig.5 shows one example of the
linearization pattern. The electrodes 32 are provided at the four
corners, and the linearization patterné 34 are provided along the
edge of the position detecting electrically conductive film.
Fig.6 shows the distribution of the electric field lines or
straight equipotential lines 36 in the case that the ideal
linearization is realized. In the Fig.6, the straight
equipotential lines 36 are evenly spaced, in other words, the
straight equipotential lines 36 are so distributed that the
adjacent equipotential lines 36 are separated by an uniform
space, and the above described equations (1) and (2) apply only

if the equipotential lines 36 are straight and evenly spaced.

In the present invention, the position detecting
electrically conductive film is integrally formed on the
polarizer or the substrate which are the components of the liquid
crystal display device. In the prior tecanology, the touch sensor
having the glass substrate provided with the position detecting
electrically conductive film is prapared as a separate component,

and this touch sensor 1s mountad on the screen of the image



substrate, for detecting position of an input device based upon nal s
applled to said film said film being deposited directly on sai dﬁa thUL 2002
substrate, and wherein a linearization pattern is formed on an outer

peri pheral region of said film 0 3 ~a~ 2002 18 3. The liquid crysta

di splay device of claim?2, wherein the size of said polarizes is snaller

than a size of said fl|ﬁ1$UCh t hat sai-8 pol ari zes does not contact said

| i neari zation pattern. 4. The liquid crystal display device of claima1,
wherein said input device is a human finger, and said signals are applied
directly to said film 5. The liquid crystal display device of claiml,
wherein said input device is a touch pen, and said signals are injected

into said filmby said touch pen. 6. A polarizing device conprising: a

pol ari zes, and an electrically conductive filmintegrally disposed on said
pol ari zes for detecting position of an input device based upon signals

appl | ©d 10 $Ld Lbbme vhenelARal fo 1L L S A a3 RSt vpen. edass f said

p0| arlzes |near|za 1 on n IS ornmed onan-ou perip eral
region othgaﬁmagbedt$pkﬁyIqﬁwm@nduénlwmﬁﬁ|¢aﬁe;rthﬁh®epgharDﬁesh©fgkasa|ﬂ 6,

wher ei n ss%'b%trﬂgg}??ﬁg’ﬁ&etciuschasQHQB‘P {4 "9flaq AN (3R GelblPaL? A& ARRY €d

directly to sai
display device, the total thickness of the image display device

is increased, the fabrication cost is increased, and the image
quality is degraded by the additional interfaces. Further, there
is the possibility that the touch sensor mechanically mounted to
the image display device might be disengaged from the image
display device due to an expected shock, so that this type of
touch sensor was unsuitable for the portable type image display
device.

The liquid crystal display device of the present invention
is a guite preferable way to realize an image display device
having the position detecting means of a high sensitivity and a
high resolution. In general, the image data signals in the image
display device are continuously varied. Accordingly, in the case
that a very weak electrical signal is measured as performed in
the present invention, the measurement is very much affected by
noises due to the variation of the signals. The measurement in
the case of the liguid crystal display device is also affected by
the noises since the potential of the PEL electrodes is wvaried.
However, since the potential of the common electrode is fixed or
inverted at a predetermined period in the driving scheme of the
electrode in the liquid crystal display device, it is possible to
use the common electrode, i.e. the ITO film 14 existing between
the position detecting electrically conductive film 20 and the
TFT array 10, as a noise shield. Accordingly, the liquid crystal
display device can realize the position detection with the
extremely high precision which is not so mucn affected by the

noises.



8. The polarizes of claim6, wherein said input device is a touch pen, and
said signals are injected into said filmby said touch pen. AﬂcanLﬂ_
crystal display device conprising: a plurality of liquid crystal 2002
di sposed between a pair of substrates; an electrically conductive film
integrally di sposed on one of said subgérat es for detecting position of an
| nput devi ce based upon signals applied to said film wherein said 0~1J
UL 2002 19 filmis continuous between edges of said one substrate, and a
| i neari zation pattern is formed on an outer peripheral region of said
electrically conductive film 10. The liquid crystal display device of
claim9, wherein said input device is a human finger, and said signals are
applied directly to said film 11. The liquid crystal display device of
claim9, wherein said input device is a touch pen, and said signals are

I nj ected i nto sai d fi I m by sai d touch pen.
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U] c<a] cal tdai ¢ ajof]aqapdspl ep] @cha]oe( alhcealic€( ah& liquid crystal is

driven by a fixed DC voltage, the ions accumulate at one side of
the liquid crystal layer, so that the liquid crystal is
deteriorated. Even if such inverted driving scheme is used, the
similar shield effects are expected. The methods for performing
the inverted driving scheme are a cot inversion in which the
polarity of the PEL electrode for each dot is inverted, a H
inversion in which the polarity of the common electrode for each
scan line is inverted, and a V inversion in which the polarity of
the common electrode for each frame i1s inverted, etc.. In the
case of the dot inversion, the shield effects are expected since
the potential of the common electrcde is always fixed. However,
in the cases of the H inversion and the V inversion, the position
detecting electrically conductive £ilm is electrically affected
by the inversion since the potential of the common electrode is
inverted. However, since the potential is varied at the fixed
period, it is possible to precisely detect the touched position
by compensating the effects of the wvariation. In conclusion, it
is possible to shield the effects of the random variation of the

potential of the PEL electrodes by the common electrode.

It is desired to integrally mount the position detecting
electrically conductive film onto the substrate 18 or the
polarizer 24 of the Fig.l to precisely compensate the electrical
effects due to the inverted driving scheme. In the case that the
touch sensor including the position deteczing electrically
conductive film is mounted on the catside of the image display
device, the distance betwz2en the c:immon e_=2ctrode (i.e. the ITO
film) and the position detecting elactriczally conductive film may
change over time, so tha:t the prec.se corcensation can not be

performed. Consideringy tnat the pclarizaz 241 and the substrate 18
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electrically conductive film is 200~800 ohms/square, more

preferably, 300~500-ohms/square. If the resistive value is

smaller than these values, the accuracy of the position detection

is degraded. If the resistive value is larger than these values,
Lo the detected current value is decreased, whereby an amplifier of

high sensitivity is required.

' The reasons for the degradation of the accuracy of the
position detection at the resistive value smaller than the above
range are, as follows. To change the curved electric field lines
30 shown in the Fig.4 to the straight equipotential lines 36
shown in the Fig.6, it is necessary that the linearization
pattern has a sufficiently small resistive value to ensure that
the electric field initially extends from one electrode along
horizontally extended electrically conductive strip of the
linearization pattern. It is desirable that the electricaily
conductive strips of the linearization pattern have the resistive

values represented by the following equations.
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Rpattern(Side)—< O-SRds:act(W/H) (3)
Rpattern(top) - < O-SRde:ect(H/W) (4)

"Rpattern (Side)" represents the resistive value of one of
electrically conductive strips disposed at the horizontal edges
of the four edges. "Rpern{top)" represents the resistive value
of one of electrically conductive strips disposed at the vertical
edges of the four edges. "Rgetect”" Trepresents the sheet
resistivity value of the position detecting electrically
conductive film. "W" represents the length of the horizontal
edges of the position detecting electrically conductive film. "H"
represents the length of the vertical edges of the position
detecting electrically conductive film. In the case of the
portable liquid crystal display device, since the available space
for the linearization pattern is usually only 2~3 mm, it is
difficult to decrease the resistive value of the linearization
pattern. For this reason, the resistive wvalue of the position
detecting electrically conductive film should be selected to a
large value. Accordingly, the effects of the linearization

becomes insufficient when the resistive value becomes small.

The case which is preferable in view of the fabrication
process is that the position detecting electrically conductive
film 20 is formed on the outside surface of the substrate 18
which is opposite to the color filter layer 16. The color filter
layer 16 is initially formed on ons surface of the substrate 18,
the ITO film 14 is formeZ on the color filter layer 16, and the
pcsition detecting electrically ccnductive film 20 i3 formad on
the opposite surface of Zne substrzte 18. Either the ITO f£ilm 14
or the position detectinc electriczlly conductive film 20 can be

initially formed. Since :-oth tha position detecting electrically
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conductive film 20 and ITO film 14 can be formed by the similar
process, such as the sputtering, the continuous process becomes

possible and it causes the great advantage.

Any material which has the desired resistive value and shows
a stability can be used as the material of the linearization
pattern. For example, Ag, MoW, chromium oxide can be used. To
form the linearization pattern, the electrically conductive
material can be directly deposited, or an ink in which the
@lectrically conductive material is dispersed in a polymer, such
as an epoxy resin can be deposited. Various processes, such as a
Screen printing, sputtering, photo-imaging and etching, etc. can

be used to form the linearization pattern.

Fig.7 shows another aspect of the present invention. In the
Fig.7, only the substrate 18, the position detecting electrically
conductive film 20, the linearization pattern 22 and the
polarizer 24 among the structure shown in the Fig.l are shown.
The position detecting electrically conductive film 20 is formed
on the substrate 18, and the linearization pattern 22 is formed
on the outer peripheral region of the position detecting
electrically conductive film 20. In this embodiment, the size of
the polarizer 24 is smaller than the size of the position
detecting electrically conductive film 20 such that the polarizer

24 is not contact the linearization pattern 22.

In an alternate embodiment, the polarizer 24 may contact the
linearization pattern 22. In this case, the linearization
pattern may be sufficiently thick such that the polarizer 24 does
not adhere to the position detecting electrically conductive film
20 and an air gap forms between the polarizer 24 and the

sunstrate 18. It has been confirmed that when the linearization
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pattern is formed by screen printing, the linearization pattern
is typically sufficiently thick to form an air gap. It is
possible to reduce the generation of the air gap by slanting the
linearization pattern 22. 1In addition, the air gap can be
minimized by decreasing the thickness of the linearization
pattern. For example, if the thickness of the linearization
pattern 22 is less than about 10m, the generation of the air gap
can be significantly reduced without using a smaller size
polarizer. However, if the thickness of the linearization pattern
is thinned, its resistive value becomes large, and the accuracy
of the position detection is degraded. Accordingly, in this case,
it is necessary to form the linearization pattern 22 using a low
resistive material such as e MoW or chromium oxide or other
suitable material. Such materials make it possible to form the
linearization pattern 22, having the thickness of the range
0.0lm~several :m, which is suitable for the use in the present
invention.

Fig.8 shows one example of the signal processing operation
in the present invention. The potential data measured by the
electrodes at the four corners of the position detecting
electrically conductive film of the image display device 40 are
amplified by four low noise amplifiers 42, the values of the
numerators and the denominators of the equations (1) and (2) are
operatively processed in analeg form by sum and difference
circuits 44. These processed values are selectively sent to a
filter 48, a lock-in amplifier 50 and a gated integrator 52 by a
multiplexer 46, and finally converted to digital data by an A/D
converter 56. The digital data are sent to a computer by which
the operation kased upon the equations (1) and (2) is performed
to calculate the positional coordinate of the touched portion.
After the positional coordinate is calculated, the positional

coordinate is sent to a software driver, which typically emulates
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a mouse operation to perform various operations on the panel
surface of the liquid crystal display device. For example, an
operation for drawing-a line based upon a plurality of touched
portions, an operation for clicking an icon displayed at the

touched portion, etc..

The present invention can detect the positional coordinate
by either the finger or the touch pen. The current or the voltage
can be selected as the physical amount detected at the four
corners in accordance with the characteristics of the finger or
the touch pen, and the physical amount detected by the finger may
differ from the physical value detected by the touch pen.
Different operational tables can be selectively used depending
upon the finger mode or the foﬁch pen mode. The switch between
the finger mode and the touch pen moée can be performed as
follows. In the finger mode, voltages are applied to the touch
screen corners and the currents drawn by the finger to ground are
measures. In pen mode, the voltage is applied to the pen instead
of the touch screen, and the currents injected into the screen by
the pen are measured. -The circuit can be switched between the
two methods of operation until either a finger or pen is
detected.

Fig.9 shows a structure of the touch pen 60. It is possible
to improve the precision in .the detection by applying a
predetermined voltage to the touch pen. A signal line 64 is
surrounded by a shield cable 66. The touch pen 60 has a head
portion 62 made of the electrically conductive material mounted
at a leading portion. Any electrically conductive material can be
used as the material of the head portion, such as a metal, an
electrically conductive plastic, a plastic in which the

electrically conductive material ars dispersed, =tc.. It is
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preferable to use the head portion made of the material a main
part of which is made of the plastic, to prevent the surface of

the panel from being scratched.

The present invention can realize the thin type liquid
crystal display device with the light weight, so that it becomes
possible to realize the portable type liquid crystal display
device. The present invention can realize the detection of the
touched position with the high sensitivity and the high
resolution by reducing the effects of the noises due to the
variation of the image data. The present invention also can
suppress the undesired generation of the air gap by reducing the

effects of the rugged structure of the linearization pattern.



10 10 f/10% & ()--10% & ()- +10% & ()- )10% & ()-'10% & ()-!9
rrr/s0s1s2sdYNCO h 10 10 10: 10: 10:810% & ()-6 "10% & ()-5!1
8310% & ()-F1 10% & ()- 2sAsDssst RIAEYNCO h 10 10 Y "10%& () -
"109G8 ()-! 10%G8 ()- - 10%G& () - FU0%EE () - ZRt t / uRucuuvdEYNCO

$109%& () - qa;

WL 2002

h 10 10

17

CLAIMS:

1. A liquid crystal display device comprising:

a first substrate and a second substrate;

a plurality of liquid crystal cells disposed between said first and second
. substrates;

a polarizer disposed on said first substrate on a side opposite said plurality of
liquid crystal cells;

an electrically conductive film, disposed between said polarizer and said first
substrate, for detecting position of an input device based upon signals applied to said film,
said electrically conductive film being directly applied to said polarizer, wherein said film
is continuous between edges of one of said polarizer and said first substrate, and a
linearization pattern is formed on an outer peripheral region of said electrically

conductive film.

2. A liquid crystal display device comprising:

a first substrate and a second substrate;

a plurality of liquid crystal cells disposed between said first and second
substrates;

a polarizer disposed on said first substrate on a side opposite said plurality of
liquid crystal cells;

an electrically conductive film, disposed between said polarizer and said first
substrate, for detecting position of an input device based upon signals applied to said film,
said film being deposited directly on said first substrate, and wherein a linearization

pattern 1s formed on an outer peripheral region of said film.
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4. The liquid crystal display device of claim 1, wherein said input device is a

human finger, and said signals are applied directly to said film.

5. The liquid crystal display device of claim 1, wherein said input device is a touch

pen, and said signals are injected into said film by said touch pen.

6. A polarizing device comprising:

a polarizer, and

an electrically conductive film integrally disposed on said polarizer for detecting
position of an input device based upon signals applied to said film, wherein said film is
continuous between edges of said polarizer, and a linearization pattern is formed on an

outer peripheral region of said electrically conductive film.

7. The polarizer of claim 6, wherein said input device is a human finger, and said

signals are applied directly to said film.

8. The polarizer of claim 6, wherein said input device is a touch pen, and said

signals are injected into said film by said touch pen.

9. A liquid crystal display device comprising:
a plurality of liquid crystal cells disposed between a pair of substrates;
an electrically conductive film integrally disposed on one of said substrates for

detecting position of an input device based upon signals applied to said film, wherein said
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film is continuous between edges of said one substrate, and a linearization pattern is

formed on an outer peripheral region of said electrically conductive film.

10. The liquid crystal display device of claim 9, wherein said input device is a

human finger, and said signals are applied directly to said film.

11. The liquid crystal display device of claim 9, wherein said input device is a touch

pen, and said signals are injected into said film by said touch pen.



