-lw' SPECI FI CATION LI QUI D CRYSTAL DI SPLAY DEVICE 0 S SEP 2004 Techni cal _
field The present invention relates to a |liquid crystal display devi c% %/vith
i nproved yields that are achieved by pr-dventing a short ci rcli @ P vdlf ng -
lines wthin a display area and of |ead-out |ines. Background art In
general, a liquid crystal display device has the advantages of being slim
and |ightwei ght and consum ng |ow el ectric power, and is wdely used in
appl irances ranging fromportable termnals to | arge-screen television
monitors. A TFT-type |iquid cryst SPECYR0AIONNKs as the domi nant |iquid
crystal display technology in which a TFT is provided as a sw tching
el enent for each pixel electrode. In this structure, a plurality of scan
lines and a plurality of video lines are laid on a glass substrate so that

the scan '@gﬁ)m; i o it ersect each other at right angles,
and the TjIJ:II's are pr%?%\gbdﬂ?ﬂ“éﬁghliﬁﬁg ects. At the sanme tinme, the scan
lines, a gate insulation film the video lines, and a protective filmare
| aid on the glass substrate in this order. The pixel electrodes are forned
on the insulation filmor on the protective film Gate el ectrodes of the
TFTs are "_L\Wé’éfﬁﬁidto the scan lines electrically, source electrodes are
connected to the video lines electrically, and drain el ectrodes are :
connect ed t o Theepresontlinvention redes teh diguid aabthldisplBe dewad wlit.hrlﬁ@ro‘}eﬁngrtié{héj €0
lines, and the pixel electrodes are formed by laying a netallic eri al
on an entthaters acieed febénting! SRSk & CirinB el j .patternin
process through a rretlﬁf)% sucr@aegﬁﬁ)ﬁgtol it':(ﬁ:)gra ﬁfﬁegg‘gm%gﬁ’%gﬁyfg%ﬁnpﬁ
renovi ng [sHACARERSAr Y portions through an etching process. During these
‘processes, if a part of the unnecessary portions is |eft unetched, this
remai ning part and one of lines are

Background art

In general, a liquid crystal display device‘ has the advantages of being slim aﬁd
lightweight and consuming low eIectrié power, and is widély used in appliaucés-rang-in;g
from portable terminals 1o large-screen television monitors. A TFT-type liquid crystal
display ranks as the dominant liquid crystal display technology in which a TFT is provided
as a switching element for each pixel electrode. In this structure, a plurality of scan lines
and a plurality of video lines are laid on a glass substrate so that the scan lines and the video
lines intersect each other at right angles, and the TFTs are provided their intersects. At the
same time, the scan lines, a gate insulation film, the video lines, and a protective film are
laid on the glass substrate in this order. The pixel electrodes are formed on the insulation
film or on the protective film. Gate electrodes of the TFTs are connected to the scan lines
electrically, sdurce electrodes are connected to the video lines electrically, and drain
eleqtrodes are connected to the pixel electrodes electrically. The scan lines, the video lines,
and the pixel electrodes are formed by laying a metallic material on an entire surface of the

glass substrate, performing a patterning process through a method such as photolithography,



short-circuited, which causes a displaying failure. As a rreasuiﬁe,t co&e
with a problemlike this, conventionally, the short-circuited [90 Pop ar e
separated through such a nethod as irradpating a | aser beam on the _
unnecessary portion during a repair process which is conducted after the
patterning process. Japanese Patent No. 2738289 and Donestic Re-publication
of PCT International Patent Application No. W96/ 26463 di scl ose a ‘
structuriggs anot her neasure to cope with the problem This structure wll
be descr iapesempihg nedieessaryepdrtions irovieh AWt probds F'Eﬁ Tin LS ;
sinplified plan view showi ng a pi xellﬂgslr ea, an%pFi g.S' 13 Sgéﬁ%;gg%cegg%gfonal
vi ew shaaRthfahe hfhdee bSioas ARald . shown.in Fjg..12. Scan |ines
SO boy M REHE this TPAPLE bl i ot Hemaz2 | s

201 are patterned on a glass substrate

| ai d on thg-skahtell ‘Qﬁ%h%%gsgd%%@fygﬁg'%@tmde 201a of a TFT and an auxiliary

capacitance electto Mfg fromthe scan |ines 201.

Ref erence nungral 203 represents a sem conductor |ayer formed on the gate
i nsul ation fitnt 2Y2°UE GLops Witk @ prrblegnlike dhisceonyetionaly athe ahortairsaityic e
region 204 and a drain _region 205 are arranged on the sem conductor |ayer

203. Vi dBYFUORHa% soprgatgd éhrpugh suchetmethod he irgalifingnsidbeabban ohidlmn%{%%eés%ys uch

a way that the video Iines 206 and the scan lines 201 intersect wth”each

ot her at pertighdueingk espairgmocess u&mriﬁeoﬂlﬁféﬂraﬁéﬁthg(i’:ﬁﬁed%ﬂ]g%‘??&ggneCt ed to the
. “Re

source region 204 protrudes fromthe video lines 2 erence nuner al

207 repr esenfapafesdr PatentENBC b7 9giRot 9, P S ed Lo the drai regi.on 205
and a pixel electrode 208, and'is fo&r)ngg[%é?g%eeﬂébﬁ?ﬁmwgﬂﬂlmﬁ@@w
therewith. In this exanple, the pixel

2P e PSR ARG RoE UM ABRELFIOUICEAT o b1 S SEEl €, (e i el
o ConeB RS LSS Rt A0 e i shos et |1
ot eopoh it UG UG Y hamaninphc] wEoomibttg. 280, aroaAettiat Wiy o deo
1 nes Zosgbwing a cross section along line D-D’ shown in Fig. 12.
Scan lines 201 are patterned on a glass substrate 200 and a gate. insulation film 2d2 is

laid on the scan lines 201. A gate electrode 201a of a TFT and an auxiliary capacitance

electrode 201b are protruding from the scan lines 201. Reference numeral 203 represents

a semiconductor layer formed on the gate insulation film 202 so as to face the gate electrode

2014, and a source region 204 and a drain region 205 are arranged on the semiconductor

layer 203.  Video lines 206 are patterned on the gate insulation film 202 in such a way that

the video lines 206 and.the scan Iiﬁes 201 intersect with each other at right angles, and a

source electrode 206a to be connected to the source region 204 protrudes from the video

lines 206. Reference numeral 207 represents a drain electrode to be connected to the drain

region 205 and a pixel electrode 208, and is formed of the same. material as the source

electtode 206a simultaneously therewith. In this example, the pixel electrode 208 is

formed on the gate insulation film 202 as is the case for the video lines 206. Reference

numeral 209 represents a protective film for covering the video lines 206 and the pixel

[Amended Sheet (PCT Article 34)]



When, for exanple, the etching for the video lines 206 is insufficient, a
residue 211 causes a short circuit between one of the vi deogﬂ pn§§ 2?@4and
t he pi xel electrode 208. However, it is3possible, by formn h gl 210
and perform ng an etching process thereafter, to renove the residue 211
left in the slit 210 and di sconnect a portion of the residue 211 left on
the pixel electrode 208 fromthe video line 206. In other words, even if a
vi deo Iin? e&r(l)dd ﬁggp;n);lel el ectrode are short-circuited together by a

resi due, dlectiode 388t is providedrond 4 Ha 2 106ai eterdavo ' ‘ t ween
the video line and the pixel electrode. In genergléﬂ%}e&g&ﬁ?\ |%\ne§'%§\rﬁ%§t he

vi deo | i rebectadle 209 baeadhyofé Mgein@20gr . the pixel electrodes are formed
by using ITO (IndiumTin Oxide), and the protective filmis formed as an

i norgani ¢ i nsyihgahiRg ekl i el udi: i 1N, cases.. Therefore, it is

i npossible to etch gué:lhmen’e?lglega}élgggﬁﬁ ths v@%ﬁaﬁgé F’Isﬂﬁ{ctﬁ%'ﬁ E¢sidpe dé)
simul tan Y. si.n n._etchant _suitable for etching the protective
film m%gg%l%ean?]? Of',y c%%%&%ﬁ%nt%let %ﬁ’ecﬁﬁ%ﬁtnieﬁ)rggﬁ andr thetpixel, eledtrads 208.
necessar toeyper.f.or-msg? etching process for renoving residues that are
left in ﬁﬂ%" FF £5S RpEsthle byefosningshe slét X16ramd peiformingmnteabingigrofdsh tResafthat
the residues are disconnected fromeach of wiring lines, which eventually

i ncr eased0 fomOvieehe fesishua2il h deft ineths slit X dnidalidcdbhett aiportidiofiba Sif. B9%1 Jeff deo
ial di

| ines, and pixel electrodes are forned by using a materia erent from

each ot hen thepigtlelaitiotly 208 fiohCihl RiBNREDDEES r &l §, :800) e, - the
residues fromthe slits, because there is noﬁtﬁ%{ﬁ%’ee&gﬁ%%wg?ﬁ l(“?qunél f or

[ i t@ehiakS i ' |, O I TO Furth ,
T8 1o due of TP T RO RS TR 015 pilions T iRt ve aomne ther

if aresidue of a line or the _ ! TeT
[ ne by SERIRERbRAfie bRl nicor 6B\ eH00 duopineiciccader hi s Ty cause ¢ he
SRR R ) e S i D P
Ther ef orgl, it,is desirable that the residues be di sconnected f romt he Iine
where po getendes ang fosmgdt by vapngl iTes (Indiume indOzidep fand e protective film is formed
as an inorganic insulating film including Si in many cases. Therefore, it is impossiblé to
etch such metals as Al or Cr, and ITO (Indium Tin Oxide) simultaneously by using an
etchant suitable for etching the ‘protective film.  Consequently, according to the
conventional structure, it is necessary to perforﬁl an etching process for removing residues
that are left in the slits after the slits are formed in a protective film so that the residues are
disconnected from each of wiring lines, which eventually increases the manufacturing steps.
Particularly, if the scan lines, video lines, and pixel electrodes are formed by using a
material different from each other, a plurality of etching processes are required to remove
the residues from the slits, because there is not such an etchant suitable for removing all of -
the materials including Al, Cr, and ITO.
Furthermore, even if a residue of a line or the like is not directly connected to another

line, it is possible that the residue comes in close proximity to another line by sandwiching a

protective film therebetween and this may cause the jumping of electricity between the

[Amended Sheet (PCT Article 34)]



scan lines. In order to cope with the residues of the scan lines, it is
necessary to extend a slit formed in the protective film as dﬁg ﬁE |2Huﬁ a
gate insulation film However, there is-#-case in which a lig S gl g
filmis formed between the pixel electrodes and the video lines in plan
view and in the same plane with the scan lines. In this structure, it is
not possible to formthe slit in an appropriate position, because the

| i ght - shi eléi%ipn filmand the slit overlap with each other. Furthernore,
scan | ead™8igte gndde ling, spspiting inra)staﬂetﬁshmamirbﬁiﬂemﬁoi/é,%ei@dleﬁ?éﬁ(]jgoﬁﬁgt thki nes
ext endi ng fi;ion;éphé video lines are fornmed on the substrate outside a prxel
area congspiaa¢ sqinnectd fipnDthe insQilfer ' m.a drjver
circuit are fed to the scan lines and fﬂg&%e?@$?§§?ﬁ%§}%rﬁs ugs of the

possi bi | iscyn lihed. tTh@rde2ad ¥ t-circuited with one another
t hr ough residues left as g%su‘?l{{ﬁ%f&gﬁle{éﬁgﬁ fslg%rfgﬂ S, Ut18 BEGR§SasY rexdend a

However, difgBRAVS 1, QF ef epences do not, provide any solutions to
this problem Di sl o?uzr){gg%?edft‘]%%a% fieFR/E A agateipulationstilm. h Howese there is a
invention.is. Jhn. Light of.the above-nmentioned problens, to provide a
l'i quid c%%efh JWI<§1‘3t‘p"lg g@tﬁgﬁ%@g ttHa is fapmeskbesweeiu tedpiktlr demtodss Bl the video
manuf act yrin E}rgoqesses in which residues of wiring lines inside and
out si de ]Pe%%bp | Vigy ead diarthp same | iladel with dhes sanriaes e oL My Wﬁii@ﬂm{ i nes
so that the liquid crystal display device offers optinum display resu

To achi ePessitie tafuwethols]itit an asoptitd godiGor, ke AR s AR Bien Bl Fhe,

t
liquid crystal display device that is provided wth parr es

havi ng | skpovwdriap yathahclsembed therebet ween, pixel electrodes arranged in a
matri x-li ke formati on on one of the substrates, 5 9 SEP 2004 sw tching

el ements conmggh&ehdr® o | 3 ctrodes,.a plurality of video |ines
connected to the sW’tcE‘?%égH&é etrr@]e?se ﬁ?g"ﬁgaﬁf‘ams pStaniines pyd pidealleadouto one
anot her, fgesP ! can,lines connected to the switching el enents and
laid per per?d#%%‘?déirlé %f{)()%{‘ ° \W%Fé’oﬂp‘?sn%@, ozmgd on heosubstrate eoutsilenai pikelr pes ed

bet ween J;Jgg rYs‘iéEe&’ iuirar]es ?nd t he pixel el ectrod_es, two video |ines
P gap of pixels so t signals from a driver circuit are fed to the scan lines

and the video lines. There is a possibility that the lead-out lines are short-circuited with
one another through residues left as a result of an insufficient etching process. However

the above mentioned references do not provide any solutions to this problem.

Disclosure of the invention

An object of the present invention is, in light of the above-mentioned problems, to
provide a liquid crystal display device that can be pfoduced through simple manufactiiring
processes in which residues of wiring lines inside and outside of a pixel area can be reliably
disconnected from the win'ngl lines so that the liquid crystal display device offers optimum
display result. |

To achieve the above object, according to the present invention, in a liquid crystal
display device that is provided with a pair of substrates having liquid crystal sealed

therebetween, pixel electrodes arranged in a matrix-like formation on one of the substrates



are laid side by side between the pixel electrodes, and a groove is forned

in the protective filmbetween the two adjacent video lines. fcgdRER ri§lso
the present invention, in a liquid crystdél- display device that is provide
with a pair of substrates having liquid crystal seal ed therebetween, pixel
el ectrodes arranged in a matrix-like formation on one of the substrates,
switching elenents connected to the pixel electrodes, a plurality of video
| i nes connected to the switching elenents and laid substantially parallel
to one anSYTHEME ¢ements spaneptedito dasapixel eledrodes) mardtratityt of ilke 15is o Rddt:d to

el ements and | aid perpendicular to the video lines, and a protective film

i nt er posettic beitokdn gelenriaaatS\,eirH:lGlaJidIs'ulilﬁa]tiallfl phR@lePiodRl Eaﬁbﬁ‘é{, ﬁ%ﬂﬁﬁiﬁ%{%&iﬂ%ﬁgl

[ e pl

groove is formed substantially parallel 'to the video es |

el ect r odeonfested 49 ake SRELRRE, el%gn@n%@ﬁgtﬂ? &ﬂfpﬁg&ﬁu{ﬁ th9 gggg%on Eteggraepﬁn@ to

protective filmat a place correspo I'rst

the pres gt'ﬁ%em]% ' Lguid crystal display deyice that is provided
with a pﬁ%rg ity o %‘PF%&%%@&‘ @8 Péﬂ?@aﬁgﬂﬁrléﬁgt‘?\{woﬁ% &9 yideg diges
formed on_o of, ,substrates, a protective filmand an insulation filmlaid
on the wir']“‘F? ??Sd PIdR bY side between the pixel elseirpdas, med a graveds Farpedfin thegebmegach of
whi ch havjng a pixel electrode, and another of the substrates facing said
one of t eandbe swondipcant gided livesyst al  sandwi ched t her ebet ween,  grooves
are formed in the protective filmor both in the protective filmand the

insul ation fAdcordiegto the présentinvemtibn] ie Siq@Mdtery AR di%RasPlcale tﬁﬁteié‘lp%\ri g4 d
L qui

one of the substrates. According to the present invention, in a
crystal avithd pair efRsubg@attdRdvih SliRli@ W i i.L of substrates having
(PR SaE oot eSoBfleln Borel Y8t Biantd o

l'iquid crystal seal ed therebetween,

1lines copphimiRg- oh | terj al .and for .on one of said pair of
subst r at es,a Ilﬁ%tgg-lﬂ(gﬁﬁaﬁﬂ?ﬁ%dsnggg r?git%égs?l?ﬁgmefh%%%‘%E)lemeH@§°PBeQ9?40m thg
circuits {ng.sihgnals to.the. wiring lines, a protective filmand an
i nsul ati 8{r’1‘g¥ Ffegn‘??%‘fgdad%g‘ﬁﬁ@ Pé&’é‘f’%jﬂmf icAwaected g the mwithingralememsapd ilsing a
plurali t% O%nﬁi els, the |ead-out lines are formed outside the pixel area,
and groBUE P 10 ong arotharos ddurality of $oan dineb coimectedttbethp rswitelihj Ve
filmand the insulation . - ' _

: elements and laid perpendicular to the video lines, and a protective film interposed between

the video lines and the pixel electrodes, a first groove is formed substantially parallel to the
video lines in the pixel electrode near edges thereof, and a second groove is formed in the
protective film at a place corresponding o the first groove.

According to the present invention, in a liquid crystal display device that is provided
with a plurality of wiring lines comprising a conductive material and formed on one of
substrates, a protective film and an insulation film laid on the wiring lines, a pixel area
comprising a plurality of pixels each of which having a pixel electrode, and another of the
substrates facing said one of the substrates with liquid crystal sandwiched therebetween,
grooves are formed in the protective film or both in the protective film and the insulation
film next to the wiring lines outside the pixel area on said one of the substrates.

According to the present invention, in a liquid crystal display device that is provided

~with a pair of substrates having liquid crystal sealed therebetween, a plurality of wiring



filmnext to the | ead-out lines. According to the present invention ‘
liquid crystal display device is produced by formng a pl uraﬁig )S%(H QE%n
| ead-out lines by using a conductive matdrial on an insulating substrate,
formng an insulation filmon the insulating substrate and the scan

| ead-out lines, formng a plurality of video | ead-out |ines by using the
conductive material on the insulation film laying a protective filmon
the insul;ation filmand the video | ead-out lines, forming, next to the
scan | eadM5SCOMPHSRE afongyetivasmatsriehanchprikd onghetdfeaidsait of sitkiaki, 18gand
t he protqc:lgtl_i ve@&;ﬁméorm ng, next to the video |ead-out |ines, grooves
penetrati neF aghizomphe wering liges tol ditvirér ' O Live
film a transparent film possessgi ng conducti v%imrmqh%@%lb?ﬁ%%@%%@ ve

mat er i al dines o padedtive e IO BSul MOASHEX P{ég%é_ %ﬁ?ﬂ?‘?ﬁﬁgslé?l -a?ut i gﬂesby

and in the grooves forned next to the video

hi NG, cRF et vy - g, 1 I ' fafi
Subet 1o Sotmpfikingas gty O plel AN il frel il REide B pbred aremwand i on.

substrate having a pi xe

Fig. 2 Lopl pfied.sectional. view taken along line A-A" shown in Fig.

1. Fig. ﬁﬁ’é’?‘éég% fé’v%hg fe tI?YE%CPYF Sl ar g thino e inroteetive fil and dresinbylaticet ween
el ect nd projections. 7 0 9 SEP 2094 Fig. 4Ais a view for

t he pi xel r od
descri bi ﬁbméleﬁtpéﬁel%@&@lﬂﬂmﬁs-form ng layers on the first substrate of the
first enmbodinent. Fig. 4B is a view showi ng a second step. Fig. 4Cis a

vi ew showi ngAgcesdingtos theppresdiit gnvetBlohsa diquidewry5taP WsPRy AR & hrsdfRd by 9-

4E is a view showing a fifffi step. Fig. 4F is a view show ng a SUXUH

st ep, forming a plurality of scan lead-out lines by using a conductive material on an insulating
substrate, forming an insulation film on the insulating substrate and the scan léad-out lines
forming a plurality of video lead-out lines by using the conductive material on the insulation
film, laying a protective film on the insulation film and the video lead-out lines, forming
next to the scan lead-out lines, grooves penetratiﬁg through the insulaﬁon film and thé
protective film, forming, next to the video lead-out lines, grooves penetrating through the
protective film, and forming, on the protective film, a transparent film possessing

conductivity, wherein the conductive materials exposed in the grooves formed next to the

scan lead-out lines and in the grooves formed next to the video lead-out lines are removed

by etching.

Brief description of drawings

Fig. 1 is a plan view of a first substrate having a pixel electrode of a first embodiment
of the invention.

Fig. 2 is a simplified sectional view taken along line A-A’ shown in Fig. 1.

Fig. 3 is a view schematically showing a positional relationship between the pixel

electrode and projections.



Fig. 5is a plan view of a first substrate having a pixel electrode of a
second enbodinent of the invention. Fig. 6 is a sinplified se@godgp 2ppew
taken along line B-B'" shown in Fig. 5. -Fi-g. 7A is a view for describing a
first step for formng layers on the first substrate of the second
enbodinent. Fig. 7B is a view show ng a second step. Fig. 7Cis a view _
showing a third step. Fig. 7Dis a view showing a fourth step. Fig. 7E is
a view showing a fifth step. Fig. 7F is a view showi ng a sixth step. Fig.
8 is an enl ar éd*piinm viavelor descaibing s firss step tfoefoemérig laydrd ioh She R HiERL of Fig.
9 is an enlarged plan view of a perineter of display area relating to the
third enttbelfirtembodifient. 10 i s an enl arged plan view of areas surrounding a
terminal portion relating to the third enbodinent. Fig. | IAis a view for

descri bi ng aFi'grmissetﬁ@wfs%W{@ra{ge@gnaS&égrs on the first substrate taken
along line CGC' shown in Fig, 8. 8 SEP 2004 Fig. 1I1B is a view

showi ng a Sequd‘l@IS%?W%h%anaet&rhszg%g\/i ew showing a third step. Fig. 11

Dis a view show ng a four . 11 Eis a viewshowing a fifth
step. Fig. Fds a.viewshowpng a sixth step. Fig. 12 is a plan view of
a substrate %%‘ﬁ%lsa?‘ﬂ?&@go‘@%@ttg%hs@ﬂ a conventional liquid crystal
display device. Fig. 13 is a sinplified sectional view taken along |ine
D-D shown i h&i4 iSaxiew showing a fifth step.

Fig. 4F is a view showing a sixth step.

Fig. 5 is a plan view of a first substrate having a pixel electrode of a second
embodiment of the invention.

Fig. 6 is a simplified sectional view taken along line B-B’ shown in Fig. 5.

Fig. 7A is a view for describing a first step for forming layers on the first substrate of

the second embodiment.
Fig. 7B is a view showing a second step.
Fig. 7C is a view showing a third step.
Fig. 7D is a view showing a fourth step.
Fig. 7E is a view showing a fifth step.
Fig. 7F is a view showing a sixth step.
Fig. 8 is an enlarged plan view of a first substrate of a third embodiment.
Fig. 9 is an enlarged plan view of a perimeter of display area -relating to the thi-rd

embodiment,

Fig. 10 is an enlarged plan view of areas surrounding a terminal portion relating to the

third embodiment.

Fig. 11A is a view for describmg a first step for forming layers on the first substrate

taken along line C-C’ shown in Fig. 8.



Best node for carrying out the invention Hereinafter, a first enbodi nent of
the present invention will be described with -reference to the ﬂiﬂaﬁfﬁggﬂgzr
Fig, | is a plan view of a first substraBe having a pixel electrode, Fig.
2 is a sectional viewtaken along line A-A" shown in Fig. 1, and Fig. 3 is
a view schematically showing a positional relationship between projections
and slits within a pixel area. Here, this enbodinent is based on an WA -
(nmul ti-domain_ vertically aligned)-type. Reference nunmeral | represents a
first substraElg-m@tﬂ‘ﬁswahwwmgﬁmcmdstmbstrate of, for exanple, glass.
Ref erence nuneral 2 represents scan lines formed of Al or the like, and
ref erence nuriﬁga]l@ismaﬁewsmga%ag@ y capacitance el ectrode |ines forned
simul taneously with the scan |1 nes 2. this first substrate 1, the scan

lines 2 and tHig 113%ial ik ¥h&aRa% 6 | ectrode lines 3 are laid in
paral |l el at su%st antially cons?ant I nﬁgﬁ‘val s fromeach other. Reference

nunmeral 4 reqﬁﬁq*@ti’?a%’i&‘%}{%ﬁﬁégﬁ&?n filmlaid on top of the scan lines

-2 and the auxiTiary capacl “Pode lines 3, and video lines 5 are

formed on tgﬁ) ﬂgFthe %ate%insul ation film4 by using Al or the like. The
video lines 5&re!atf ¥kyetroddng a sixth e video lines 5 intersect with the

scan lines 2_at right angles, and an area surrounded 9 0 9 SEP 2004 by the
scan |ines 2Fihd2tife plameewldfresibSrate haeinp apiel b&e@od&dﬁdeorﬁeﬁﬁ&ﬁfﬁgﬁhxel,
there are provided a pixel electrode 6 fornmed of 1ZO (Indium Zinc I de)
or the |¢nystabdisplay @&iicel that is placed at a junction between each of the
scan lines 2 and each of the video line 5 as a switching elenent. In this

erbodi ment . Fio1S e Gnies sSahl PSR T RIPPSly AN, (0 TFTs 7 are

connected to one pixel "el ectrode 6. ares nt, in the
fabrication process, even if one TFT 7 happens to be defective, the pixel
el ectrode 6 can be operated by way of the other TFT 7. This ensures an

i Mpr ovedy ). t he produyci., K Reference nuneral 8 represents a first
pr ot ect %éeékﬁq%rﬁ%ﬁgﬂrrgﬁ\g&‘é ti‘ﬁ@“’\‘?l’ﬁ% lines 5 and the TFTs 7, reference
nunmeral 9 represents a second (ﬁrotecti ve filmlaid on top of the first
protective. FPEHAgeL aﬂqélif%th@nbﬁ’ giente b dhe @aessntS irvestidro Ak theO BedcBiBed® fwitih €
second protective film ] s S SR
reference to the drawings. Fig. Iisa plan view of a first substrate having a pixel electrode
Fig. 2 is a sectional view taken along line A-A’ shown in Fig. 1, and Fig. 3 is a view
schematically showing a positional relationship between projections and slits within a pixel
area. Here, this embodiment is based on an MVA (multi-domain vertically aligned)-type.
Reference numeral 1 represents a first substrate which is a transparent substrate of,
for example, glass. Reference numeral 2 represents scan lines formed of Al or the like
and reference numeral 3 represents auxiliary capacitance electrode lines formed
simultaneously with the scan lines 2. On this first substrate 1, the scan lines 2 and the
auxiliary capacitance electrode lines 3 are laid in parallel at substantially constant intervals
from each other. Reference numeral 4 represents a gate insulation film laid on top of the
scan lines 2 and the auxiliary capacitance electrode lines 3, and video lines 5 are formed on

top of the gate insulation film 4 by using Al or the like. The video lines 5 are arranged so

that the video lines 5 intersect with the scan lines 2 at right angles, and an area surrounded -



9. For exanple, the second protective film9 may be given a flat surface so
as to act as a flattening film Alternatively, the first protea'ggﬁzg@S
may be formed as an inorganic insulatin@<filmand the second p [
film9 as an organic insulating film Through the two protective filns 8
and 9, there are forned contact holes 21 in portions thereof corresponding
to the drain electrode of the TFT 7, and, through these contact holes 21,
the pi xebl G%l ectr(_)deézG and the drain electrode are electrically connected
t oget her .bY(he span lrase? andhthelviddoolindsi § GorfespbiRrts al fixd10" .pgul ar
el ectrode (not shown) in a portion thereof faci ngﬁxthe@gﬂﬁl iﬁé’f‘%’ {i8fe are
capaci t apeevidéda hixel eldcirb@e 8-foh&d bR .rode.js farnged of the same
material and at the sane tinme as the%\/tlbgfeno ||(r\1zt1eléc @?l#igr%%ngk%@deﬁggﬂr%de
i s el ect thftad pMeSORASELE DN yoh g he.contact holes formed in the two
protective films 8 and 9, tﬂc??‘%’%e plég‘ftheegf:@bﬁ?‘?ﬁ eagh ohthe video linesUdsar
el ectrod Xi |4 capagci tance electrode line 3 together produce
auxi | i ar Swgapa% ste é%g‘é ifﬁaté}écﬂnalgq‘ﬁ@@t’ Evig ¥idse dines Asiro pravidedpfox ehe pixeLiddode
6, asobale,rﬁﬂ. gromthe direction normal to the first substrate 1,
partial | Voveérf ﬁfwf%lﬁlemét@@aﬁpmeheleetrm.th@sa{teienofitlﬁhéanééﬂeﬁtf@n ch
-10 0 9 %%21:?04 pi xel electrode 6, there are fornmed a plurality of slits
10. The guorppraeessf evenetiody TFT driippass b detdeffivd ' trode 6

o P S ieal 1

t hrough a process such as photolithography and are

par al | el opasateéiby adiyadt € othiérd THT 20 Thid ehhirss SRl iEnt .t he slits 10 extend
in directions 45 to the video line 5 gnghgitendgé‘ﬂe%ﬁl?lgﬁmo i ated by
i ki ' electrode |i 3 [

boundary.  Ambeg oo el 8 rBinkeiP 2ot BRiCE St il copsat th idkerlines Band
crystal meleqyl i kely to be misaligned according to the
position ther eg]"3 §ef e ea%%‘?aﬁ?%‘l 5 H'gyrgﬁn{ssa fgond protectivadidm; lnidoors mptafahdfirss hape.
Accor di r}ﬂl)éécti d ortions of the video line faced therewith are al so
formed in a seaﬁﬁtbgt ?*Pdls & picel pleptwpdasdeara orared|ontiap oé fieasedidSprafRcidd SIgrent
filmth?é cPovers the pixel electrode 6 and that is subjected to vertical
al i gnnent 75 SEMBRlE, theapeangdrpretontive filh 928ay BOERSR A 1A SRS A ed: Lo ween
adj acent_video lines 5. In : ‘ :

. flattening film. Alternatively, the first protective film 8 may be formed as an inorganic

insulating film and the second protective film 9 as an organic insulating film. Through the
two protective films 8 and 9, there are formed contact holes 21 in portions thereof
0(?rrespondh1g to the drain electrode of the TFT 7, and, through these contact holes 21, the
pixel electrode 6 and the drain electrode are electrically connected together. On the gate
insulation film 4, there is formed an insular electrode (not shown) in a portion thereof facing
the auxiliary capacitance qlectrode line 3. The insular electrode is formed of the same
material and at the same time as the video lines 5. The insular electrode s electrically
connected, through the contact holes formed in the two protective films § and 9, to the pixel
electrode 4 so that the insular electrode and the auxiliary capacitance electrode line 3
together produce auxiliary capacitance in each pixel.

Edge portions of the pixel electrode 6, as observed from the direction normal to the

first substrate 1, partially overlap with the scan line 2 and the video line 5. Within each



Fig. 1, the grooves 22 are shown in the hatch lines. The grooves 22 are
arranged continuously through the gate insulation film4 and ﬁlﬂa 3[\}702304
protective films 8 and 9. In addition,-the grooves 22 are forned al ong the
video lines 5 wth both ends thereof |ocated close to the scan lines 2 or
the auxiliary capacitance electrode |lines 3. Accordingly, if residues of
the scan lines 2 or the video lines 5 are left in the grooves 22, the
residues lLeft in the grooves 22 are etched sinultaneously with the etchant
that is P& slentrofleGaitherotdre foimesl a phivalityr ofislits, 10andAThehdlits @01 A4 ESrmRidEby

di sconnected fromthe scan lines 2 or the video lines S. Because, in

gener al , réshovifig parsn df tHEQierelevtlodd 6 thiowbRY Podeed$ 5t dsihoRiiiy ar@Nd
Al and |1 ZO can be etched by using the ganep?etchant, it}?lol S p&géq%%fagata(r)eaetch

t he resi dugsoedibR@HE i g .act uri.n rocess, . by
formng the Scan Ii neasu)gﬁéalﬁgat %gthgrhgg%gﬁﬁt%lﬁggb’sng{gﬁ&gl%ﬁ%o%n%gﬁotﬁ? Sﬁﬁi ]rpg t he
pi xel el Sq: kg |LZO .Reference nuneral, 12 represents a second
subst r at gﬁ{\%@g_ﬁ qlg:cgg?éﬁg?lsg%r%%twgﬁbgﬁ gt %"d18¥tf3n dn fﬁS@&WSesie‘gﬂa% dy 2 t he
second s bséaf%ate éIZ, tt}ere are, formed bl ack matrixes 13 so -11 0 9 SEP 2004
as to seé‘:ﬂ o0 A 816 HRHNATY Gapackangs dectigde ling drssrving af aibdundirpr Ainbtetle 14
so as to correspond one-to-one to the pixels. The color filter 14 is of
one of r&¢BERS, thy pish elegroda fidpatsueh¢B)liquibbrystl depenitisnge aforé hkelyasdei ON°
of the corresponding pixels. On the color filter 14, there is laid a

t r anspar avalighatbaaconiing! ® thé pofition teasmdkeative 1O thd AR 107ard Rkl §fa s@ifothO"
the transparent electrode 15, there are forned projections In a

predet er siiaped paédreiBly, L& poiBhE6f HRNAdP1AS giec&? Sy %;et ?é‘i’iﬁ;o”lpﬁg ('Jlbbéh la.

formng a resist of acrylic resininto a predeterm ne

process gfwtbhatphpd h rved fromthe ﬂ]i rection normal to

t he second subst r%t eq%'fag{?%eem%pﬁigleg??%ﬁesf 2l Agunen ﬁ?ﬁﬁ%‘f%#mvfe} in
bet ween i and.parallel to.the slits 10 adjacent thereto in each
pi xel . T‘}Lﬁle O?F(%taznt A& Sueciedto; vertqal alisment Bpatmert. s i ts 10, extend in
directions dgviated by 90 at the auxiliary capacitance electrode line 3
serving as afiﬁ’lg?ﬁ’&ﬁl‘lweﬁﬂ*@? T§presané geanyes fumed batvesh adjeeerntividdo lides St r dgle 16,
proj ections 16a extend al ong the edges thereof. The transparent _

e Fig. 1, the grooves 22 are shown in the hatch lines. The grooves 22 are arranged
continuously through the gate insulation film 4 and the two protective films 8 and 9. In
addition, the grooves 22 are formed along the video lines 5 with both ends thereof located
close to the scan lines 2 or the auxiliary capacitance electrode lines 3. Accdrdingly, if
residues of the scan lines 2 or the video lines 5 are left in the grooves 22, the residues Ieft in
the grooves 22 are etched simultaneously with the etchant that is used for forming the pixel
electrode 6, and the residues are disconnected from the scan lines 2 or the video lines 5.
Because, in general, Al, Cr, and ITO can not be etched by using the same etchant, and Al
and IZO can be etched by using the same etchant, it is possible to etch the residues, without
arranging an additional manufacturing process, by forming the scan lines 6 and the video
lines 5 by using Al and forming the pixel electrodes 6 by using 1Z0.

Reference numeral 12 represents a second substrate which is a transparent substrate

of, for example, glass. On the second substrate 12, there are formed black matrixes 13 so



el ectrode 15 and the projections 16 are covered with an alignnent film 17
that is subjected to vertical alignnent treatnent. Between tI‘&St\S@P 2004
substrates | and 12, there is interposediia |liquid crystal |layer conprising
liquid crystal nolecules 18 having negative dielectric constant ani sotropy.
In each pixel, when no electric field is present between the pixel
electrode 6 and the transparent electrode 15, the liquid crystal nol ecul es
18 are aligned vertically by being restricted by the alignment films | 1
and 17. - Whdo sepuratt e tidiviiat hedls, HIOBSRLarb BRI lfers PA 6 1as 8 SEHLBIR ©

no a

and the transparent electrode 15, the liquid crystal . ecul es

Lt bokians, el 0 S S o

nol ecul es 18 are inclined I n predeterm ne

by the si t oLectipns 16 so .as to forma plurality of
domai ns \?\nb 1{0 i %\‘%gﬁgylgﬁé’ :‘lg‘h%i‘%?éﬁ‘.’n ?B’.e coreEpanding Rixelsy QR dhcolenBltertidy ther

whi ch an.ebﬁgtr'c field is present between the pixel electrode 6 and the
-12 0 9 8EF%d60 2e0p slespde | lecok dae exampls, 1TPsZPplonrthe dikeland,son died on
the outside of the first substrate 1, and a second polarizer 20 is laid on
the out sfr@esparent plecedohl therbswe fitrmed ZirojEttionki I6sih pddaeedne pRRnar 7R s 19
and 20 are so arranged that their transm ssion axes are perpendicular to

each ot bmjectidheritt he foara[ifes ie@BmPke Hyoforhfife ROY&d: Z6F 20 .are at
about 45 to the direction in whi chgt ﬁe)?i qui cr§sta| m%?%gﬁl egnlg’tograe

L ansm SBon Tr gt B o ey TR, o BISCE bEBnOR bRy, REF AP o et

transm ssion light 'is transmtt

ef fi ci enfiyetion ddffat jéis&%' g st[al32 | ecul es (J)I% are inclined at about
90 to the proj e'ctlonsetE anh ssﬁ;%ﬁ?el ,’r{gﬁgr‘?%gmﬁ 2F pogtienedosubpiantiadlydne so
arrangedbe hatgﬁhe .%rﬂ?sm SSiglP axitiof_the second pol arizer 20 is at about
45 to t heHEPLdhs SHs fY nf dipralieh dosthet ity d Oaadiaqent tharetp st eashspisel. eThend

within the pixel. In this enbodinment, the transm ssion axis of the first
pol ar i zePTOXESHERT Hoiasels the casetfos tet slits ti0paxtend wh dirbetione deviated By D8Sat2the
extend, and the transm ssion axis of the second polarizer 20 coincides with
t he auxiliary capacitance electrode line 3 serving as a boundary, and, at the edge portions of 't_he_

pixel electrode 16, projections 16a extend aioﬁg the edges theréof_. The- transpéféﬁw.:

electrode 15 and the projections 16 are covered with an alignment film 17 that is subjected

to vertical alignment treatment.

Between the two substrates 1 and 12, there is interposed a liquid erystal layer
comprising liquid crystal molecules 18 having negative dielectric constant anisotropy. In
each pixel, when no electric field is present between the pixel electrode 6 and the
transparent electrode 15, the liquid crystal molecules 18 are aligned vertically by being

- restricted by the alignment films 11 and 17. When an electric field is present between the
pixel electrode 6 and the transparent electrode 15, the liquid crystal molecules 18 are
iqclined in the horizontal direction. At this time, the liquid crystal molecules 18 are
inclined in predetermined directions by being restricted by the silts 10 and the projections

16 s0 as to form a plurality of domains within a single pixel. Fig. 2 schematically shows

the state in which an electric field is present between the pixel elecirode 6 and the



direction in which the video lines 5 extend. Wien no electric field is
present between the pixel electrode 6 and the transparent el ??’ ‘S‘EP 2@4
the liquid crystal nolecules 18 are ali-g2ed vertically. Thus, e l'itnéarly
pol ari zed transm ssion |light that has been transmtted through the first
polarizer 19 is transmtted through the liquid crystal |ayer conprising the
liquid crystal nolecules 18 intact, i.e., as linearly polarized |Iight, and
is then shielded by the second polarizer 20, resulting in black display. On
t he ot helansnaeEnt glsemode bf.edet ermined voltage is applied to the pixel
el ectrode 6 and an electric field appears between the pixel electrode 6 and
the transpar entfirstepalatizerd® 151aid b tHeOMitstds 'ofshal s 5118 pre lnc i ned
in the horizontal direction. Thus, the [i nearst?ly prgq)g@%% %’rgnrffsiﬁisgg?
| i ght thpblalias DS 1hiHaEs thd : 3N first larizer,. 19 is
converted into el l'iptically tﬁgﬁé&ﬁ ég F%%gdbsy%?%gﬁizqui e fitst and seegndr
conpri si i} 004 -13 liquid crystal] nolecules 18, and is then
transmi t?ge{g1L1 t ?gﬁgﬁﬂ%ﬁe&% &8 8Fransss) tg?ﬁ %8‘? %BS%SI% axes angepegpesgicalae b eacha
col or of t:hhe or filter 14. Next, processes for form ng individual |ayers
on the fPPEE SNBE g wansmissiony axesr ot polirizers &9 enddeartat Fibgut 47 fo0thEi g.
4F. Fig. ,4A shows g@gr ocess of formng the scan lines 2 and the auxiliary
capaci t afi&etien dat wi thenbiqui@ Grystilonuletglea 1Byer iflindll RNobBRA! BSH the
substratgﬂl foll owed by exposure and etching steps. Fig. 4A shows a cross
sect i onadlirecpion trioanali 1o thisetordnsubsean 12 dassdis@ns Hhe; il citance
el ectrode lines 3 do not exist and shows reference h%s&?ﬁ%m?ﬂpﬁ the
repr esendesod pélafishi 20! Bb4t AGcidntlySS W, it ching.. Fig. 4B shows a
process of formng an insul ar sem ::ﬁélﬁféf}fc‘ E)l ay S%(%@Fgg%&?‘eilﬂﬁﬁgﬁea
faci ng thpudsde; : Y, ' e,gate insulation film4 on top of
the scan Iines fe%lrgﬁ)%ﬁg&?qn?klglaﬁﬂgs i@: @ﬂ pg?%zﬁ@e]s%m}ﬁ 29 grenionggraniged vi deo
l i nes 5’th%1 o ource .electr &gs, {%&e drain_electrodes, and the |ike by :
laying a 1aye TRLORFiE 8{0) fSeeane Rpdarizer 2@ il akebeut 457 kanthe diretticovie dvhidty
exposure anfl etlghi ng. Here, reference nunmeral 24 represents a residue left
as a redhf tSlity 10 ragd) thg rrpiertions, 16 mitandewithinathenpixel ddn thisn@BbRIBER, the
short-circuited together by the residue 24.° :

- transmission axis of the first polarizer 19 coincides with the direction in which the scan

lines 2 extend, and the transmission axis of the second polarizer 20 coincides with the
direction in which the video lines 5 extend.

When no electric field is present between the pixel electrode 6 and the transparent
electrode 15, the liquid crystal moleculgs 18 are aligned vertically. Thus, the linearly
polarized transmission light that has been transmitted through the first ﬁolarizer 19 is
transmitted through the liquid crystal layer comprising the liquid crystal molecules 18 intact,
i.e., as linearly polarized light, and is then shielded by the second polarizer 20, resulting in
black display. On the other hand, when a predetermined voltage is applied to the pixel
electrode 6 and an electric field appears between the pixel electrode 6 and the transﬁarent
electrode 15, the liquid crystal molecules 18 are inclined in the horizontal direction. Thus,
the linearly polarized transmission light that has been transmitted through the first polarizer

19 is converted into elliptically polarized light by the liquid crystal layer comprising the



Fig. 4D shows a process of laying the first protective film8 and the-
second protective film9 on top of the gate insulation fiIn14]3n8EPh§m4
video line 5. Fig. 4E shows a process afjzformng the contact hole 21 (not
shown) and the grooves 22 in a predeternmined area in the two protective
films 8 and 9, or the gate insulation film4 by perform ng an etching step.
In this case, since an etchant used for etching the protective filns 8 and
9 can not etch the residues 23 and 24 that are forned of Al, the residues

23 and 2digatdoryailmblobaes 1845 BRHAFhnbRiddAShBRINIR el ool ﬂg"é’ﬁ Hgtopi el

process of .laying 1ZO on the second protective Fil'm

el ect r od@e @idnthvad Y ’ by perform ng exposure and et ching
steps. At thﬁpsyteﬁim?g@%ﬁé@?%gloz C Ig}’] used for renmoving | ZO can al so

remove Al, t residues.23 and 24 Jleft in the grooves 22 are renoved.
Thereafter, t eé{t,aq)ﬁogﬁﬁgsnfor&pmnglln@gu{% layery aspfheofisty subsirateoh ateodesofibedne

pi xel electrogde 6 and_the second protective film9. As described, according
to the pPEdREerencsdodisFA wnkigddF.t i BigatAphoses pricess offonvingahe kb lipgidues
left in the grooves 22 is not required, because, during the process for

form ng anhéhqansliany eqarivaeeteledthderims oy foehing B 12 & APERSHA' fass
renoved. Al though the exanple described above is for Tormng the stan

lines 2 subdirhteel \fbllewed ibFieé{plésﬁ‘! ARl BShi bsrgr%nast I”E%%t |4 Q%R wS taré{'ﬁ%sréeg:figgelﬂng

A, M, or the like is also possible if ity rneleC

connect i ioh 50 wWhidh 1 [ . Next. a second_.enbodi ment wil |
be descrlﬂsbi—ttald with re%lgrsééa?]l?g{é 58 ﬁl%‘%@mﬁn §?p&f§f%qce§?eq%§’gﬁhﬁ?%£g§}P@W’%‘F t he
i fied cross sectional view taken

first su , Fig. 6. si npl
al ong 11 A8 RN et ey -l lsplescath A gesiisolaf o rera oy owtangTN
(tw st eﬁﬁgnggagi c)-type Ii gui d crystal. Reference nuneral 31 represents a
first s t TR{SBOWS Agirpeeshy forming, pr ptlan semicanductay Uigstr (adteshown) fiead kg, and
reference nuneral 32 represents a scan line forned on the first substrate
31. The %eiag the gate slecirederyr lapingdhe ddte amsdlatiop filh ll iri t6p OF tHeGoin 1ihddSSordRe 2T €
laid parallel to one another. Reference nunmeral 34 is a gate insulation
fil m t haikei s Rigid€C showtsheprocess of forming the video lines 5, the source electrodes, the drain
electrodes, and the like by laying a Iayer of Al on top of the gate insulation film 4 followed
by exposure and etching. Here, reference numeral 24 represents a residue left as a result of
faulty etching, and the adjacent video lines 5 are short-circuited together by the residue 24.
Fig. 4D shows a process of laying the first protective film 8 and the second protective film 9
on top of the gate insulation film 4 and the video line 5. Fig. 4E shows a process of
forming the contact hole 21 (not shown) and the grooves 22 in a predetermined area in the
two protective films 8 and 9, or the gate insulation film 4 by performing an etching step.
In this case, since an etchant used for etching the protective films 8 and 9 can not etch the
residues 23 and 24 that are formed of Al, the residues 23 and 24 are left intact and expoéed
in the grooves. Fig. 4F shows a process of laying IZO on the second protective film 9 and
forming the pixel electrode 6 in a predetermined shape by performing exposure and etching

steps. At this time, since the etchant used for removing IZO can also remove Al the

residues 23 and 24 left in the grooves 22 are removed. Thereafter, the alignment film 11 is



first substrate 31 and the scan |lines 32. Reference nuneral 35 represents

video lines formed on top of the gate insulation film 34 by us"p[ggstypcéhm
the like and are laid perpendicular. tol4dhe scan |ines 32. At

i ntersections between the scan lines 32 and the video lines 35, there are
formed TFTs 36 which are switching el enents that are configured as

descri bed hereinafter. A gate electrode protruding fromeach of the scan
lines 32 .is covered by the gate insulation film 34 on which a

~ seni condUidgm tpppEtheipixel gledtrade Gand thefsaesmd prbRe@@l inebect rode. On top of
the sem conductor |ayer, a source region and a drain region are forned,

and t hey are A9desedbed] gecordi I : n rain el ectode
1 S e NS (RE pRAGA i PARaR th At pincess for romerde at

respectively. The source electrod rarn e

the sane thd residoberR it iRGHY 5 45 . ER 2004 lines 35 are forned, and the
source el ectrode has a s apee?)régtlgﬁglr i TAEe.\Augeg the peoces. for Refdwgence

nuner al @& 5P 8SER rot.ective .filmthat covers the video lines 35 and
the gate eiléllsﬁll egtl otr(liﬁtﬁéi F}Pr%@ﬂ,ﬁumﬁén&%(@ooﬁse@? rodeved iAdthbagirest dxamph area
surrou.ndagsc?% c?nhg scan, lines 32 and the video lines 35 on top of the _
prot ecti V& P F3g9Ve Bef, brming theescan B®sr2pndshatddesd Hhed B-BhagRd :
| i ght-shie gﬁg %I&éorned on the first substrate 31. The |i'ght- slﬂfé‘l di ng
film33 SUNEGHR using dl) B ion thet ikkeoisalsdDpsABEN;F b i ne 35 and
the pixel electrode 38 by being positioned Og%%weenl td%gnpépg%%'h%sc%‘gﬂand

t he pi xefonsketiom wifle 1230 is akeh Rk@RGolie edges of the pixel electrode 38 as
observed fromthe direction normal to the first substrate 31. In Fig. 5,

the |i ght - shNekdhRecdndlefbadirh j he hatch lines. The

i ght-shielding film33is fo?“r?e%@ﬁ\gfq d&?‘:”tabsgg"‘@&'tfﬁ r%é‘l)ﬂl?rflfﬂﬁ@gﬁ-caﬁglﬁnes
7 non gt i ieol OF (OB IR 2ud Fid hiis 3 Avniied chomsimodion] vivey nteas

el ectrodﬂ roove 39b as described later is forned in the

. econd
gate ins u?“}[a P%%rk?ﬁa ﬁ?‘%ﬁ’“a‘ﬁdgigq X hdlgsp.othisc eimbedinicnmiS basddebe e TRe al 40

represents lignnent filmthat covers the pixel electrode 38 and the
pr ot ect iV@aﬁﬁ'ﬁTQ%ﬂmdmtﬂls subjected to alignnment treatnent in a

direction, for exanple, parallel to the scan |ines 32.

. Reference numeral 31 represents a first substrate comprising a. transparent glass
substrate or the like, and reference numeral 32 represents a scan line formed on the first
substrate 31. The scan line 32 is formed of Al and a plurality of scan lines 32 are laid
parallel to one another. Reference numeral 34 is a gate insulation film that is laid on the
first substrate 31 and the scan lines 32. Reference numeral 35 represents video lines
formed on top of the gate insulation film 34 by using Al or the like and are laid
perpendicular to the scan lines 32, At the intersections between the scan lines 32 and the
video lines 35, there are formed TFTs 36 which are switching elements that are conﬁgured
as described hereinafter. A gate electrode protruding from each of the scan lines 32 is
covered by the gate insulation film 34 on which a semiconductor layer is laid so as to face
the gate el_ectrode. On top .of the semiconductor layer, a source region and a drain region

are formed, and they are connected to a source electrode and a drain electrode respectively

The source electrode and the drain electrode are formed at the same time when the video



Ref erence nuneral 41 represents a second substrate conprising a gl ass
substrate or the like and is placed face to face with the fir@t'ﬁﬁggﬁﬂﬁge
at substantially a constant distance f+bfneach other. Refereneﬁ 42
represents black matrixes forned on the glass substrate so as to face the
scan lines and the video |ines. The black matrix 42 is formed of C or the
|i ke so as to separate the individual pixels. Reference nuneral 43 is a
color filter _formed for each pixel. The color filter 43 is of one of red

(R, gredes & arefoampd,rad(l) sowred eearaiResd) sﬁﬁbeoﬁlntrhﬁiﬁg ﬁ%ﬁe%@?e%&ﬂ%gir ent

correspo?Rde};g pi xels. On the color filter 43, there |
el ectrod ende, mirnérakb 8 2Pr8sents P prdids | i ke. .and. the, trapsparent 0O
9 SEP 2004 el ectrode 44 iﬁ?covesr egrby ggolgl]nli g%rtré:h{?er? iﬂ?emwﬁlg‘??q“ﬁ%%élaﬂéﬁh%nt
film 45 igateShfilafdntsint 94 2k treatpent.in a. direction perpendicular to-
a direction of ali gnmnt’a‘kﬁg{kgégtﬁletcﬁgge ggéﬁﬁo ﬁ@ﬁ%@@?%‘&@“@dﬂfﬁﬁe&bmcm
substrat } jected.to.(Ci.e, in parallel to the video lines .3 5 in
this enbgfi?gln%%t%f‘.ﬂ% F}dtﬁﬁﬁﬂleﬁ r3§sqﬂaT°P| %g,@.p reeteplivesfibg 37i qRefbrarcy stuleral 33
nmol ecul eg 46 htavi rilzg pgsi tive dielectric constant anisotropy is sandw ched
bet ween & PRAFPS S Stpshaned light-shielding film fovesd o tiel 86t Eiksrhieed 1 iﬂeqﬁﬁﬁent
bet ween ;}ggelflggx%glaectrode 38 and the transparent el ectrode 44, the
liquid c utrevends lightefromi Isildng yrofeh BBQved) | i.zQn} by
bei ng re.stl[:éct ed by the alignnment filns 40 %’ld 45. \%ée]ﬁﬁgﬁqgﬁeé%?ﬁa&c ield
i's presepielhdeatmen 38y Wine ol REReR anspar ent. el ectrode 44,
the liquid crystal nolecul ei; 46 are | ncﬁ}]ﬁe elzjnqﬁftﬁé a\l}iaﬁ%ﬂ Pg?qt@é@ Pon -
al ong t hendedlemd fieCedibEbflthe Hii ticall ows the state in which an
% o Bl cheoBS0E R ok Bterlo BMihs ditectsm nowat tadhe

electric field is not present between
t ranspar @it sfshgirqde 44 first polarizer 47 is laid on the outside of
the first subsstrat3g'Sl?%lagﬁg’gjes@ﬁﬁgleﬁ{%g%@z@rlséﬁh‘mﬂsﬂ thei litdnlindse Phé si de

of the )| bstrate.41. The first and second polarizers 47 and 48 are
so arr aﬁ%‘g%@nﬁ ﬁ%’? ?? t‘sr%’i‘-i@ﬁil §5Ab as ipdhe cagedopthesearlings| 3arant FoRaetin gat her .
At the same time, the direction of the transm ssion axis of the first
pol ari zeP P PIofes asand simylipneovdly wiithahe saan lioks she Alfirg¥sove 30h LEU4AQRIEL SO
arranged to coincide with each other, o : .

' ater is formed in the pixel electrode 38, and a second groove 39b as described later is

formed in the gate insulation film 34 and in the protective film 37. Reference numeral 40
represents an alignment film that covers the pixel electrode 38 and the protective film 37,
and is subjected to alignment treatmeﬁt in a direction, for example, parallel to the scan lines
32.

Reference numeral 41 represents a second substrate comprising a glass substrate or
the like and is placed face to face with the first substrate at substantially a constant distance
from each other. Reference numeral 42 represents black matrixes formed on the glass
substrate so as to face the scan lines and the video lines. The black matrix 42 is formed of
Cr or the like so as to separate the individual pixels. Reference numeral 43 is a color filter
formed for each pixel. The color filter 43 is of one of red (R), green (G), and blue (B)
colqrs depending on the location of the corresponding pixels. On the color filter 43, there

is laid a transparent electrode 44 of, for example, ITO, 1ZO, or the like, and the transparent



and t'he"di';r'e.ct'i-on of- the t~r‘ans'rﬁ ssion axis of the second pol arizer 48 and
t he -ali gnment direction of the alignnent film45 are so arr anggd9t$EP Zupjr
coi ncide with each other. Wien no electilbée Pield is present, light tha
has been transmitted through the first polarizes 47 is transmtted through
the liquid crystal |ayer while-being twsted by 90 to the direction of
anplitude, and is then transmtted through the second polarizer 48. On the
ot her hand, when an electric field is present, |ight that has been
transm t telepttddectdgls aoveretli bysan phigranémefiindZs - 1Thd aBerokht 245 s Edbﬁméq' {4 ed
through the liquid crystal |ayer conprising the liquid crystal nolfecul es 46
intact, afligniment hestnltho ok e Hikkktidh BerpesABTlaPR 714 A8 af stryctures of
the first groove 39a and the secogd@’groove ?9%dvhﬂéﬁo%gf%l%efnséﬁwq“%medues
left as .qﬁggm@ﬁ Bl ' ctyode, 38 .resul t i nsufficient
et chi ng whén The s?gn&pﬁ%gis&‘%bsg}r?ge %Lgs %bgeé’&e%lstf’ié% lgé’a\'i@éﬁgt%f}@h‘é@ﬁo linas -
al so etc Lt ortions left in the grooves 39a and 39b and renoved
therefrO'%]%\%iﬁéﬁsFE%Og'i%)'el ectrodes 38 are etched. For this reason, it is
nmore efficient j.f the grogves 39a and 39b are |ocated as closer as possible
to the scan |4nkquo eyl Hayeysi emprising 18fd @rystile netlévalesh 46 dhaviidg ipositive
difficult to position the grooves 39a and 39b at an appropriate place,
because wirdeqtrigrenstait ahidotmopy islsandd@chidshdtarbeh Hpaivesubishtey 5 18&d 4i N pand
the pixel electrode 38, and a part of the pixel electrode 38 and the scan
line 32 ab déveriafipldcie presphiisdtwotible dixadelddi8a6 8 Qh Lar et
~auxiliary capacitance. Therefore, tﬁgxgrooves 39a ggﬁde %%gﬁgl}elelp?lg&r@c?,%
Wi thin the Byl coryslafGhéledBes3d6 i6E by280P 58 | AhGed Qokin® -

Rl cosl 3 t &8 fifag b§2§0 %@éfﬁgﬁg?& %W%Qyoﬁeiﬂﬁe

light-shielding fillm or the scan line T

I 3
pi xel el gkt 1.S: i I narr ow sh . along the
li ght - shfl éeg?ldﬁﬁl ﬁﬁbf?*ren? 5%8{%4;4@8%‘?22? i ralg)g‘e%?? egeﬁéf‘ gglgilwm%p%ibﬁtvgpen the
plurality. i eces Divjding the first groove 39 into a plurality of
pi eces p %‘gf 8ge§§3&%g§earngl hf&ﬁ%éﬁﬁre‘ﬂfo?lﬁ?f@dgetﬁ:dbgﬂlm etystahenalecylesali6 aoe t i on
and the edﬁg?é)ort i ons of the pixel electrode 38 are electrically connected -
to each BEHEY Uhthenvartial direption alopg the clericistfiedde Bg. Saschémativallptshone dhat
the sane potential. If the width of the first groove 39a is too wde, the
restrict $t§#¢ mopdiech an electnp field is not present between the pixel electrode 38 and the

' trénsparent electrode 44,
A first polarizer 47 is laid on the outside of the first substrate 31, and a second
pdlarizer 48 is laid on the outside of the second substrate 41. The first and second
polarizers 47 and 48 are so arranged that their transmission axes are perpendicular to each
.Oﬂlel‘. | At the same time, the direction of the transmission axis of the first polarizer 47 and
the alignment direction of the alignment film 40 are so arranged to coincide with each other,
gnd the direction of the tfansmission axis of the second polarizer 48 and the alignment
direction of the alignment film 45 are so arranged to coincide with each other. When no
electric field is present, light that has been transmitted through the first polarizer 47 is
transmitted through the liquid crystal layer while being twisted by 90° to the direction of
amplitude, and is then transmitted through the second polarizer 48. On the other hand,

when an electric field is present, light that has been transmitted through the first polarizer 47



exerted upon the liquid crystal nolecules 46 is weakened. By contrast, if
the wwdth of the first groove 39a is narrow, a restriction for&g SIEPIQ@B
to that obtained without the first groovE7-39a can be maintained. Each

the second grooves 39b is formed in an area corresponding to each of the
first grooves 39a. \When both of the grooves 39a and 39b are forned, an

outer side edge (an edge located closer to the scan line 32 or t he vi deo
line 35) 09 SEP 20044 -18 of the second groove 39b is positioned i nwardly

(t owar ds if fangmitied theough the lighid iysel Jayehadinprd iﬁir‘]ete ﬁ@g?ic%a@gg&e@ﬁ%sgé’ge

| ocated closer to the scan line 32 or the video

gr oove 3%0@&@3&331@1{&3,%&@&%@%2& nship, residues left inside the
grooves 39a -and 39b are reliably renoved at | east fromthe outer side edge

portion of thex3eqRRer HOY 9 result, the first groove 39a of the.
pi xel el ectrode 38 can be ngggéré??%?ﬁ ¢ p4cand grgayg S9b vl be; desarfhed.

gr ooves : reliably removed. Next, a process of formng |ayers on the
first su stg1 d g%elegfk \;ﬁmg?ﬁlasblée% plg%ﬁelwtqoﬁe 38 a8 areswliofinsuffigent e&hing whep. 7F.
In Fig. FA firtst, is laid ogn the first substrate 31 and, then, the
scan | i n&¥ %30 Elﬁs‘ﬁ 32 andvhe dep lines 35 wite atttied] ahierudso ¢kl @&h@gsmfoﬁg 18#0in

t hrough . patterni ng and etching nethods. Reference nuneral 49 represents a

resi due Hgrgroaves 39 andritdbf dridciearuved tigdé figin avin QKS BRAP ofob
light-shielding film 33 towards surroundi ng ar easﬁ thgreetg .egal%taﬁ%ﬁ’té:ﬁw'

vol t age Fer thid rempen,iieds toré REGiéaF 18D k)i ' arb 1o NG fesidue 49 is
| ocat ed bel ow the video |ine 35 and thgﬁ)'g?gsg?g%%%dg?rgg e g‘%ﬁa{]‘ﬁﬁtasi 0¥5L8i bl e

that t hepossib@otd tHeescad Jir@d LAE g ! ro g 3he léaquhort-‘Ci ot o
together by way of the residue }llgé @lﬁo I%IngcstS 7@?1 ﬁlﬁeo‘%%& ndup giffionltfio| m 34
is laid on i strllzst 1, the scan line 32 (not shown), and the
li ght-s hil‘%e})l1 di ngé Hcﬁ{qe%@ r?% aila? aprrapdgiplasadicetise &%'Sh‘sldﬁﬁg' filno33 t op
of the gl‘gtlﬁdbie sul ?l_t;i an fi.l m 34, and an unillustrated insul ar-shaped
seni condtct or {\]’5‘378 9 '9dee ppétiardithe nixal sleghiodst Bhiand apartof diw: pikelaldeiage '
faci ng tlﬂie'ﬂ%gt e electrode. In Fig. 7B, a portion in which the TFT 36 and
‘he sca thepscap linst3%0f the adjacnbpixel Dvabpt withahcl ofiér 39%s b E‘Sﬁﬁftﬁ;é &
the scan Iine 32 and the seniconductor l.ayer are not shown. In Fig. /C Al
i s ai d WKiliagpeapgcitance. Therefore, the grooves 39a and 39b are formed, within the pixel

electrode 38, as closer as possible to the light-shielding film 33 or the scan line 32.

The first groove 39a of the pixel electrode 38 is formed in a long and narrow shape

along the light-shielding film 33 and the scan lines 32, and is divided in a plurality of pieces.

Dividing the first groove 39 into a plurality of pieces provides a several contact points

through which the central portion and the edge portions of the pixel electrode 38§ are

electrically connected to each other so that the entire pixel electrode 38 can be maintained at

the same potential. If the width of the first groove 39a is too wide, the restriction force

exerted upon the liquid crystal molecules 46 is weakened. By contrast, if the width of the

first groove 39a is narrow, a restriction force similar to that obtained without the first groove

39a can be maintained. FEach of the second grooves 39b is formed in an area

corresponding to each of the first grooves 39a. When both of the grooves 39a and 39b are

formed, an outer side edge (an edge located closer to the scan line 32 or the video line 35)



the gate insulation film34, and the video |line 35 is forned. I?ﬁference
nunmeral 50 represents a residue |eft due to insufficient etchi 8 ahi 2004
extends fromthe video line 35 as far .gg4dnto the region of the pixel
el ectrode 38 (Fig. 7F). In Fig. 7D, the protective film37 is laid on the
video line 35, for exanple, as an inorganic insulating film In Fig. 7E,
contact 0 9 SEP 2004 -19 holes (not shown), the second grooves 39b, and the
li ke are ;‘rg;tmed at predeterm ned places. In Fig. 7F, the pixel electrode
38 is fop Seyondagrionge BIDiopositimea i i ' 7T.0aln. this step,
al though the first grooves g%ba of tﬁ%‘k’%igi(ygt&g%g%;ﬂ?%@%gid}rg%?BB‘GB&ﬁ‘?'Ped by
et chi ng, thehsuteregiisl ' he_grooves 39a and 39b are, at the
same time, also et g%dégrﬁggé%%?gﬁgl&ggg%h@esc%l?lgﬁﬁab‘g tg? ¥Kleg ipg 334 iofghet he
et chant | d | Z . Consequent |y, .the residues 49 | ocated bel ow,
the pi xefﬁl‘g?@dgﬁ ?§§§- 3%9{%‘%‘3 @t&@?{w@eglera{]anpemﬂﬁ@dmsgm insiiedhelprogvés 39w 33,
and the gn\egs' ues aobggcat ed bel ow the pixel electrode 38 are disconnected
from t he®™V TettiP FribhEremoved at leastifeqm the enter side edgeqawien SPthe 386bnd Peoee
formed ip_.an area inner side of the light-shielding film 33, the residues
ext endi nf? s 4%# resgltodi dinsttgroovs 38l ofithe pieh BlRcRSICI cddbe MhdC RARASHSHA

hi gh

reliably fromeach wiring line, which contributes to maintaining a hi

di spl ay mqwﬁdmyleﬂﬁnnhhgméﬂmiﬂer@mjgﬁn&%Si ble to form the
light-shielding film33 or the Iike, ecause the grooves 39a and 39b are

arranged i n HBxARSFoLRE)F BhAR | j ~sShi.el di film33. In the
first and second ?r%bodi ment s, gﬂéYéf?%gc?lgﬁrgéfthbs#ﬁegﬁ &’iﬂg(y\? s¢rihedrwithvi ng
r esi duesefdbdhck 94 { 1 pi xel. area are described. These grooves al so
wor k effect ] vel ngfm LA;%:/%&?E‘ fglrt}@da firgeAl & llaldn@“ thenfarst substiate 3 emd,
out si de t | xgl . xt, a  structure in which grooves are arranged
in bet metgr?’vtﬁef r‘;ﬁ"’d‘ F’P‘r‘f:@e@mt:\&s&nhé% they Haht-shiglding Ailtisi 33 arerfoodedrairbus | | be
&
described with reference to the drawings. Fig. 8 is an enlarged plan view

of a fi PERCIRsschplehibg mptheds. a Reifsrehceanemerab 49 aepesbntdh GesiGud Rftdue to
8.

enl arged pl an view of perineters of the pixel area shown in Fig.
mnsufficient etching and extends from the light-shielding film 33 towards surrounding areas

thereof. Although voltége is not applied to the ﬁgﬁt—shielding film 33, if the residue 49 is
located below the video line 35 and the pixel electrode 38, it is possible that the video line
35 and the pixel electrode 38 are short-circuited together by way of the residue 49. In Fig,
7B, the gate insulation film 34 is laid on the first subs&ate 31, the scan line 32 (not shown),
and the light-shielding film 33. Then, after a semiconductor layer is laid on top of the gate
insulation film 34, and an unillustrated insular-shaped semiconductor layer is cropped out
through etching process at a place facing the gate electrode. In Fig. 7B, a portion in which
‘the TFT 36 and the scan line 32 do not exist is shown in éectional view and, thérefore, the
scan line 32 and the semicondl_lctor layer are not shown. In Fig. 7C, Al is laid on tope of
the gate insulation film 34, and the video line 35 is formed. Reference numeral 50
represents a residue left due to insuﬁicieﬁt etching and extends from the video line 35 as far
as into the region of the pixel electrode 38 (Fig. 7F). In Fig. 7D, the protective film 37 is

laid on the video line 35, for example, as an inorganic insulating film. In Fig. 7E, contact



Ref erence nuneral 101 represents a first substrate which is aﬁ inSsuI ating
and transparent substrate such as a glass substrate or the | k$ .Ofth 208 s

first substrate 101, scan |ines 102 nadd9ef a conductive material such as
Al are laid parallel to and at substantially [ Arended Sheet (PCT Article
34)] -20- . 0 9 SEP 2004 constant intervals fromone another. Agate

insulation filmis laid on the first substrate 101 and, the scan |ines 2.
Video lines 103 forned of such a conductive material as Al are arranged on

the gate helsulnet slovwr)i thesedondi grebvea 398, &Hhé FROWR fofndS @g@%@eﬁe@%@g

Fig. 8 comprises a plurality of pixels. The scan |Ines

vi deo |1 nksFg03Rahe phal Blesfodtssd 8 hRREI BEShl t7b SRGk, of e ortioggnally.

and a region- surrounded by the scan nes

cor r espongiSthiOstdn Sij | o QI ch pixel., .a TFT 105 as a switching
~elenent i’s pr%@?’degﬂgghggé ﬁﬁté%r%(g‘éetsi%?ﬁ e Lieleetrede, 38| are @lsooformed by he
vi deo i 1A piLxel . electrode 106 conprising such a transparent

el ect rodgeq %Isﬁgg’fbf f%“ﬁ“reﬁ éﬂé’é‘g 5t(9nle§ 1B the gr0OVeR397 andy3 Yompy atthe game tines ulsat | Ng
filmthat ﬁl%\égﬂz the video lines 103 and the TFTs 105 A drain electrode

of the TFfC rfgmored fieqaiise elecanr edesc@ibbrueing o echad thads &l for 170,
electrically by way of a contact hole 107 that is fornmed through the

pr ot ect i eorsequentlyiethe residies 49i loedted belowlid Bk %léd%hyggsdrd]é g%{;%%eﬁtga slgr l??% e

so-cal l ed dunmy pixels which are not actually used for

Her ei nabdhe light-shildigh f1RE 33t ALY Rsified 56 105S b35$3he E}ﬁ%éggeg}?&g bﬁé} _

descri bed, the pixel area can be forned In such a struc

and the skeeentcRATRAL BRIV | ead-out |ines 120 and vi deo | ead-out -
| i nes. 130 extend fromthe %oc%@ I'nes 102 and the video lines 103 to a

hereof n arb 8o AR 803t 1] il s Homescio an ov e ek ot or
eSSBS ettt s b g e . |
arranged for a-plurality of scan lines 102 and feed the
dlscounecgad reliably 1¥rom each wiring line, which contributes to maintaining a high display
- quality. Furthermore, it becomes possible to form the light-shielding film 33 or thé like,
because the grooves 39a and 39b are arranged in an area inner side of the light-shielding
film 33.
In the first and second embodiments, the structures in which grooves for removing
residues are formed within a pixel area are described. These grooves also work effectivelf
if they are formed between wiring lines in an area outside of the pixel area. Next, a
structure in which grooves are arranged in between wiring Iines will be described.
Here, a third embodiment will be described with reference to the drawings. Fig. 8 is
an enlarged plan view of a first substrate on which a pixel area is formed. Fig. 9 is an
enlarged plan view of perimeters of the pixel area shown in Fig. 8.
Reference numeral 101 represents a first substrate which is an insulating and.

transparent substrate such as a glass substrate or the like. On this first substrate 101, scan

lines 102 made of a conductive material such as Al are laid parallel to and at substantially

[Amended Sheet (PCT Article 34)]



signals through all of the scan lines 102, or it is also possible to use a
plurality of driving circuits for feeding signals to the groupqussgp 2004
lines 102. Although, in this.enbodinent, jfyie 8can lines 102 and the scan

| ead-out lines 120 are forned.integrally, -21 0 9 SEP 2004 it is also
possible to formthem separately by using different conductive materials
and connect ‘them together through electrical contacts. In this enbodinent, -
a plurality of driving circuits are used for the video lines 103, and the

vi deo | eagsys i tendi f the,indiyidual, video |lines 103 are
so arr angfgg&%%ﬂ lg%ﬁ@és}ggm?r&?ﬁ g{h(%gr r‘ig% t‘l‘lﬁukéwﬂrq\{ i1 g"‘@ PP &g, first substratpilgl
reason, gaa?la tgg?t \‘Lveer agj a t videg |ead-out |ines 130 are nade snaller.
Mor eover, The T arger®he | i dl“lﬁsylé)@a ormgg G| sHyh decanductivecuntesial as Al zee
the nore seériously the resistance of wiring that is formed on the
subst r at e 2WEPE Q1 thpgateismlssionfilis reason, .in addition to using, as a
wiring material, Al which.is-lowin resistance, the width of the |ead-out

lines are madeA pixehamte 144 (sl bl the hatdbviinegis Fig %%mﬂiﬁ@sﬁh @Erali}b??ﬁgi’ﬁ@ﬂpl e |
€ )

the video |l ead-out lines 130 are nmade wi der, gaps |ying wee

adj acent @hdaneh tids 90D didnae Vidls BREOTSS SR sp, £t NEEIRY Syl ey ATBhLE"

pi xel size resulted froma higher resolution o Bl ay
devi ce, T @adb he s | iquid cryst di spf device itself,
SRR, B4 e SyfeuiOf By T fhaf s oS iR ep imes 103

makes the gaps lyi'ng bet _
Ther ef ore le that a short circuit is caused between

L is highly possi
t he adj acte:%#rés\?f’ %so!lqgga%‘p ‘tplfiane of £gchy pixel & STHN 0P ed: a duwritchipgt elemestt shi ng
process. Howeyer, in. the enbodi nent of the invention, grooves 108b are
provi ded PPWHE homierpeciionhetweanathe soan dine W2dewl theaddenting i108s A3gixéind
at a place next thereto. The grooves 108b pass through vertically at |east
the pr ot eglertyedes 1 §tramprising sechi ol tansparmt ledtrode he 520 dslarhigi@Sonl 3 Brotective
Provi ding the grooves 108b makes it possible to expose a residue which is

ot her wi sefilmwempdsing anhiasylatiie Girh thatf doversahel videb afhes 365 %%d%é RETL 15Tyl t

between the adjacent video |ead-out lines 130 laid on the gate 1nsulation

film Ac Cdl@ﬁi @Qﬂcﬁod@\tﬂ‘mhief TFT 105 and the pixel electrode 106 are connected together
electrically by way of a contact hole 107 that is formed through the protéctive film. Here,
the pikel area 104 also includes such pixels as so-called dummy pixels which are not
aétually used for displaying purpose. Hereinabove, although the structure of the pixel area
has been briefly described, the pixel area can be formed in such a structure as in the first
and the second embodiments.

Scan lead-out lines 120 and video lead-out lines 130 extend from the scan lines 102
and the video lines 103 to a driving circuit (not showh) and are formed respectively as
extensions thereof in an arga outside the pixel area 104. The driving circuit is for feeding
signals for operating the TFTS 105 through the scan lines 102 and the video lines 103. Tt is
possible to use a single driving circuit arranged for a plurality of scan lines 102 and feed the
signals through all of the scan lines 102, or it is also possible to use a plurality of driving
circuits for feeding signals to the grouped scan lines 102. Although, in this embodiment,

the scan lines 102 and the scan lead-out lines 120 are formed integrally,



a residue exists in between the adjacent video |ead-out |ines and causes a
short circuit therebetween, it is possible to renove the resi dueﬂgrSEBhZB[M
the grooves 108b and prevent the 0 9 SEP2RO04 -22 short circuit by
perform ng an etching process after formng the grooves 108b. The sane
structure as expl ai ned about the video |ead-out lines 130 is applied to the
scan |l ead-out lines 120, and, therefore, simlar grooves 108a penetrati.ng

t hr ough tge protective filmand the gate insulation filmare fornmed next

to the sdai Riadgostible tonfsm iem Bémratdly by usingeditfarege dofthRfvy in%ﬁ,ﬁgl %&: :
video | ead-out lines 130 surrounding termnals 131. The termnals il are

f or med ogompest thenstogsthbrsthraio el drical Benth@s M nal s 131 are provided for the
i ndi vi dual video |ead-out lines 130 and fornmed on the protective filmlaid

on the vi deo Ihehid-embodithafs ' for .exanpl e, .1 ZO, an identical
conductive material which ??%g@% ﬁ#ﬁkg%c%g%gsl arg useq f%‘gemp Inest103, sane
time, thgyd exdry S ;[%5_ . nected to the video |ead-out lines 130 by
way of contact E%})elg %%filgﬁsog\%] EF rgomf@Frfﬁ@Vﬂ“abﬂ'WOthESplﬂit aet sove
Arm Theéﬁ"zfufr@’t the video |ead-out |ines 130 and the driving circuits are
connect ed efsct T iCRAYTEE Y Meagoremspending driwing sireuit.3 1ForHhisarea®, il between
connectiop nethod, it is possible to use a connection type such as

so- cal | e}fUR%S8! Videp feadrout iness 30 are riudle sibdipe  Gdorcoesr, B8 3438Cthe 1ifld drystal
produced according to a so-called TAB (Tape Automatic Bonding)-type.

Al t houghdispley deeo béaeatbs tubizk, tnemoi@&@hgﬁw&eﬁéaﬁée 6&&&@@%&& ¥irifld on

circuits by way of the termnals 131 in this enbodl nment,

possi bl ethe fsobsstraexanidre., Becalisd 8T thhErelonVi ' its directly on the first
substrate 101 and connect the video ogé%?%&fd({nﬁﬁ@gmﬁﬁﬁg %W"é‘é‘ln?teflélsﬁﬁe

dri vi ng Whichk i : . CBhnce 4 h id | ead-out lines 130 are so
f or rredgt 0 ?gg%,g%éﬁ '? %%Afag%{cfgo eWnggP?&epgeﬁéio g?lﬂ‘?ﬁ Ferpads acwide 2smpmsgible.

pluralit rideyd NQ.ci rcults (no hown), the video |ead-out |ines 130
vary in pr("e‘ﬁég‘{ ."f}ﬂrl]@?%‘ﬁé "iwﬁ’li&?‘%’é‘ﬁ{eg ﬁleh\\gg‘?ﬁ ired-out ligesolR0 imeneadelBlllet, zape
connectggd. to the corresponding driving circuit anong a plurality of driving
circuit 9’&‘52"“?"8‘?‘}@%@ agemd h“geQ/\/éﬁjﬂdtMtlilteheIB‘@ehe(roaie vindite. | BaghdiHord,i e 130

is the shortest and, the nore i .
- smaller pixel size resulted from a higher resolution of the liquid crystal display device

regardless of the size of the liquid crystal display device itself, makes the gaps lying
between the video lead-out lines 130 smaller. Therefore, it is highly possible that a short
circuit is caused between the adjacent video lead-out lines 130 by a residue left during the
etching process.

However, in the embodiment of the invention, grooves 108b are provided in the
protective film laid on the video lead-out lines 130 and at a place next thereto. The
grooves 108b pass through vertically at least the protective film that is laid on the video
lead-out lines 130. Providing the grooves 108b makes it possible to expose a residue
which is otherwise covered by the protective film and which causes a short circuit between
the adjacent video lead-out lines 130 laid on the gate insulation film. Accordingly, even if
a residue exists in between the adjacent video lead-out lines and causes a short circuit

therebetween, it is possible to remove the residue through the grooves 108b and prevént the



towards the side the video | ead-out line 130 is |ocated, the |onger _the

| ength thereof 0 9 SEP 2004 -23 becones. As a result, the resis 8ot P <2004
different, in general, line by line anoi2 4+ he video |ead-out |ines 130
However, the video |ead-out line 130 is conposed of a wider portion 132
and a narrower portion 133; the ratio between the wi der portion 132 and the
narrower portion 133 for each video |lead-out line 130 is made different;
and the ratio, of the narrower portion 133 increases as the |location of the

vi deo | edborgireyit he pedormsing fan etdhingypioeessifie forbM@EESorbBGesCRRL e ?;héq\g/al.t%eo

result of this, it is possible to make a resistance val ue of eac

| ead- out structercl3@xphiird aboutahe vides 1&aLout iR ' he.video | gad-out
line 130 is nade up of the w der port?uon i%%ﬁ&%egﬁﬁ&ﬁ?mﬂﬁgﬂf%ﬁ 133,

and the 128 SldamMeBefbvfd, Wendir | fher rrion 132 is smaller and the
resi stance val ue of the narr &egfesgo@?ipoeﬁgq%@gi throygh, e protagtivenfalms and thei e,
because . i ep the wider portion 132 and the narrower portion
133 is ngﬁgugﬁga}tl{é}lg‘ﬁ#v&%ro@ggﬂeﬁtﬂé]bé)ﬁé’é&"@étﬁmlm%lﬁo, it is possible to
adj ust the rgsiﬁ ance val ue for each video | ead-out |ine 130. Moreover,

liquid crystafi'd '$ahavirigRe alavetion of thendddd lesd-ostilistsr130 surtOindaitteAnimgs ONd
substrate (not shown), and the two substrates are bonded together. During

this protdss, The tesminalsnd3 hate foraledf an thofigit ngbiRee D, %@%&x‘nﬁhﬁﬁ i35 geplied
to a border line 134 indicated by alternate |ong and short das e3 lThes in

Fig. 10.prowided femths indisidupiavitiéo RhdloRe liNiIED Ang rm&¥bn lcflﬁenfrﬁae]ég}g%gi;% Fiig ne

portions | ocated outside of the border line 1 t owar ds

t er mi nal en thd ¥ideoibdd-oRQirRX PG ?Q ubifig | F gfg@%{)é%ﬁﬁ?f % éqe'gghéicote%?qég cond, lto

substrate is such that has a [ayer~o
‘the pi xeyhiefh i i rat 01.  The rooves 108b that are fornmed
next to the \/llE €6 Ifgggl}%égéeﬁ ieilﬁec ojilg(])mgr eAftot?‘ﬁE?&n?oﬁﬁ'@n the éxménsds 135 afar as
to the b ing 134. This ans that, when the first substrate 101 and
e Seconiiehid e Beo miaincs dgumenay ok conmobteles Giatanane) fiot aRd and
cont ai nﬁg vmdt giﬁ_n an area in which the grooves 108b are not exposed to the
envi ronrfefeC BHaueh Hesr erasectivetfilensgr dhoreford Ofle video Nedd-6@riRd {90 &l #eLa
exposed to the environment. Since the driving : : .
S driving circuits are connected electrically by way of the terminals 131. Here as the
connection method, it is possible to use a connection type such as so-called COG (Chip On
Glass) or TCP (Tape Carrier Package) that is produced according to a so-called TAB (Tape
Automatic Bonding)-type. Although the video lead-out lines 130 are connected to the
driving circuits by way of the terminals 131 in this embodiment, it is also possible, for
example, to form the driving circuits directly on the first substrate 101 and connect the
video lead-out lines 130 directly to the driving circuits.

Furthermore, since the video lead-out lines 130 are so formed to converge towards the
corresponding driving circuit among a plurality of driving circuits (not shown), the video
lead-out lines 130 vary in length. In this embodiment, the video lead-out lines 130 to be
connected to the corresponding driving circuit among a plurality of driving circuits are

. formed in such a way that the central video lead-out line 130 is the shortest and, the more

towards the side the video lead-out line 130 is located, the longer the length thereof



0O 9 SEP 2004 -24 circuits are, in general, connected by way of the
termnals. 131, and a clearance between the driving circuits aqyftﬁgpsgmﬂnd
substrate is covered by resin or the likg,- even if the grooves 08b are
exposed to the environnment, the grooves 108b will be finally cut off from
the open air. This does not necessarily nmean that the grooves 108b are not
exposed to the open air before the clearance between the driving circuits
and the second substrate is covered by resin or the |like. Therefore, it is

possi bl e be¢ratest hscatesslyrthe eesigtinek i€ difRSMUE, D o LAe arooyes
108b are fornmed will be exposed to the oprg’n a ngyfgﬁ%hlﬁ]ﬁ%%??%ggﬁv % he

b 050, hRadautiotd 1 K0 o5k BEOHA"E Bl S5 St oo uces
i spl ay o aE S0 OEpSES STLER spio brbieen ths widr powioor oimad (1 naBmoaroe
of this &%sog .t 1S Q%ssi ble to protect the video | ead-out |ines 130

agai nst PEMPBIP3fongask Vide leaskore dige 430 demedo diffeerdyaid thé eatioudt thélhdrafiaper Of
the residue, if_the grooves 108b are forned within an area that will not

be exposeyUPR 134 dnetrases @a rtherflocatibe mftthe videbSlead blstifet 80 %ﬁl%saﬁ’tﬂnttfike fggcond
substrate are bonded together. In addition, the narrower portion 3? I'S

ar r angedtowewdsritie ceiiter. siAkea bsuliher they, Wi RAo3siblib i narr.over
portion 133 is forned outside the bo:de?dl?lne%%Bﬁ%%%?%Sﬁ%%eg lﬁcc\lfﬁa&l,’ t he

nar r overviger lekdBullib 130 dhalel G2 0383, D UARD RS, Y AGENL ol i dep | ead- out

lines 130 are nade larger, I1s fo I'n"an are

not exi Shad &F thk t. Lthe s, bet ween t he .adj acent video |ead-out |ines

130 are nadegﬁ)vm der %ﬁﬂégrp Otr%(gh (I:gggnd t?lﬁ IRHPYRT PoFBEORl ddrand dhe resistangovalae 6Hr med

in an ar re t.he Qoves do not exist, which eventually reduces a risk
8 MG el 10

of short ¢irc & 71 &7 Sopllercans: the tesigigned valte of the taveoveeraportiom €33 102.
Not only do the video lines 103 have the video |ead-out lines 130 that

extend tORET <t HE SR tigre, thesawei thengtioi batwidrs the widerapifios MB2Vinle @ | NES
103, in sonme cases, extend in the direction opposite thereto towards 0 9

SEP 200Aarrower pqrtion 133 is made different for each video lead-out line 130, it is possible to
adjust the resistance value for each video lead-out line 130.

Moreover, liquid crystal is sandwiched between the first substrate 101 and a second
substrate (not shown), aﬁd the two substrates are bonded together. During this process, a
sealing material for bonding the two substrates is applied to a border line 134 indicated by
alternate long and short dashed lines in Fig. 10. This means that paris of the video lead-
out lines 130, i.e., portions located outside of the border line 134 (towards the side of the
terminals 131), will be exposed to the environment. Here, the sécond substrate is such that
has a layer of a color filter that corresponds to the pixel of the first substrate 101. The
grooves 108b that are formed next to the video lead-out lines 130 are formed so as to extend
as far as to the border line 134. This means that, when the first substrate 101 and the
second substrate are bonded together, the grooves 108b are formed and contained within an
area in which the grooves 108b are not exposed to the environment, and, thefefore, the

grooves 108b are not formed in an area exposed to the environment. Since the driving



i i _ ‘ by way of nonlinear
- side of the pixel area 104 and are connected
elzgmce)g: s to so-call gd short rings for preventing an el ect rost Btg SEP E[][ll;
di scharge danage from occurring. In thisl&a?e, |? ﬁrder }ﬁ g&gnygns ?g
[ [ [ [ ter etching,
circuits from being caused by the re3|due a ( _ %
[ de where the video | ead-out |ines
arrangi ng the grooves 108b on the Si ° 0 noag ot 11nes 139
ranged, it 1is also possible to arrange the groove :
s{gegrlings 103 that extend to the other side and outside the pixel area.

i | | ine, C-C
s areoin deneral,regnhegtat by $ag Wi tsteAnBARIS 1556F 4 aeﬁﬁ&ﬁ% th
sNﬁ)c();[/m ?nmrgi g. 8 wll be described W|9t h reference toﬁlﬁ—fl g. o nt\‘f?edl 1A

: i - : the -

A LS | aidiviy eiheich an thosbeld AtRrddlls WYy be B SHRBLIRLC O Bl ace ot i

li ke, and the scan Lead-ou i due oroduced as a

et ching poge ﬁ&%xpgféﬁﬁ?ﬂé;gl}ﬂ re%#, t%elérﬁé\ef r@gg{nﬁwg ﬁd)ra]lelzlggmﬁ‘ %@mﬁhb oepeh out
A faU|tK eECh!ngﬁit; Itsoaetsher by the residue 112. In Fig. | 1 B, a
i . -Cj I '

gate | nsdat 108 ET ARGS9 hamato i s dropws 108hore sntcxpoedandh heensnn

| ' [ [ the gate
-out | ineg 120. Then, a sem conductor layer is laid on |
! ﬁggl g? i B#OF? 9lgtyangenbetaien s teiving rigseits andritleosdusd Sibsaels doRBled YOWN)

I's cropped out etching and forned at a place facing the gate el ectrode.

b . . .
In Fig. &eﬁh@rthd:i/ikaye'fhdrsfof&; fiie hosuible et e Gt hm&b%ﬂ%‘}e&h&%ﬁﬁ?egggﬁj t he

video | ead-out lines 130, the source electrode, the drain elec “not

shown) , thedgrodves 10BE ags Porhed wE be L5 GERASH LG aﬁg&aﬁtgg{}'?@&é?gﬁ;er nce

i left as a resu f¢€oand
nunmeral 113 represents a residue |le

| aRgfloyyi a | re short-circuited together by the
oot due T30V HREP JSOTPHP deveib B SRkl B Fof e  dipieneiahgAbmar moiaveri ng

lmfelggf 133![ rc%i?tﬁégé g%lgg tl{aﬁ%,‘g?gF o‘t' Hﬁkge%%o%ei t?%leﬁaél‘!in‘gﬁgéfi’ié lﬁtrRelz‘L Me 1}!12 ?és&ggg at a
predet erirnn' \rﬁlvﬁ'gngp ina%ela}gré[s?geg Piql?idgcrjsrsl‘ztlzl %li(sgéty- C%CGViCG. Contrary, Al is more prone to
corrosion than Cr.  Because of this reason, it is possible to protect the video lead-oﬁt lines
130 against corrosion that will otherwise deveiop through the cut surfaée of the reéiciﬁe, if
the grooves 108b are formed within an area that will not be exposed to the environment
when the first substrate 101 and the second substrate are bonded together.
In addition, the narrower portion 133 is arranged towards the side of the terminals
131 so that the narrower portion 133 is formed outside the border line 134, In this
structure, the narrower portion 133, with which gaps between the adjacent video lead-out
lines 130 are made larger, is formed in an area where thé grooves 108b do not exist. Asa
result, the gaps between the adjacent video lead-out lines 130 are made wider than the case
in which the wider portion 132 is formed in an area where the grooves do not exist, which
eventually reduces a risk of short circuit.
Similar structure is applicable to the scan lines 102.  Not only do the video lines 103

have the video lead-out lines 130 that extend towards the side of the driving circuits, but

also the video lines 103, in some cases, extend in the direction opposite thereto towards



the protective film 110 or the gate insulation film 109 by perf%;nigg&an
etching process. During this process, the grooves 108a are for 8 t2006
the scan lead-out lines 120 and the gropyes 108b are forned next to the
video | ead-out lines 130 respectively. In doing. so, because the residues
112 and 113 which are nade of Al can not be etched during the etching
process for the protective film 110, the residues 112 and 113 are |eft
intact and exposed in the grooves. In other wrds, these grooves 108a and

108b penemtsideof thequigd] aada |1 ®agid ir8RonRéRERY | ? inﬂomi&éaP ggégl?en&)snﬁ g)?é?@gd 120 .

insulation film 109 which are laid on or over fthe scan

and t he \shé®@inee For Selerid , rposed .for exposing the
resi dues 112 agﬁd 1%% 'L?)ﬂl}itn@](‘adr5 o%égﬁ?gﬁg?(ﬁ%gﬁgggﬂagﬁﬁfﬁo e Jathis case,

i nsul ati i h, as _,shown in Fig. 11 E, the grooves 108b are
f or med i(ril’ﬁ]toﬁdé %@%%F%@&Fﬁﬁ?%w*% fom e %ﬁ‘é?deglf Hic residus aftps cting! e sddition
exi st , itt IS oosshjgle to faémthe grooves 108b so as to penetrate only
t hrough the&"PHpetiriereoyes 1Hsh entheysidesyhere the videalopd-opt limdsd 30tehirmggamtinod.
In Fig. 1 IF, 1ZQ layer is fornmed on the protective film 110, and the pixel
el ect r oddsalsa passible @ pwangesr the padaved 108K nett BHhuw)ded ek QOARKhtiRtend to the

h

predeterm ned shapes respectively by exposure and etching. During this
process, othet sids eand hetside clivapikelused for renoving 1ZO can also renmove Al, the
residues 112 and 113 left in the grooves 108a and 108b are al so renoved.

Thereafter, aNexald So6&80f Fodihé DRESRGWD) iascrbfé; ﬁ%ﬁﬁqﬁ%ﬁﬁg %ﬁ&ﬂgr Q'} X

el ectrode 106 (not shown) and” the protective . . . OVa R i s
actual |y i & IEBe doslfbd o8 (SfEel BRTRE X oo e Ebnaliis pid 08 et

et chant, _ il ssi.bl e, w thout king a trouble of arranging an extra
process, S"lbtm%t?c t‘ﬁféw#l &7 Jhfstra ‘2# éﬁﬂ‘ arythe pikes anditha geath ead oan lihea tR(oare

lines-12 an‘gd%‘he video | ead-out lines 130 by using Al, and formng the
pi xel el BEOFSJRrOVEl 29 expesury andtching prlessss.i Refereaas audeny 119 khgsdegent
invention, it is not necessary to arrange a dedi cated process fTor renoving

t he resi@bidye prsducedrast dwesylt obiaalty ERineandt HQ&HR, shoRGANSShd gﬂja(;eﬁf 584880 ©
SEP 2004 -27 112 and 113 can be renoved during the process o orm ng the

pi xel el ®¢dmes 20146 short-circuited together by the residue 112.

In Fig. 11B, a gafe insulation film 109 is laid on the first substrate 101 and the scan
lead-out lines 120. Then, a semiconductor layer is laid on the gate insulation film 109, and
an insular shaped semiconductor layer (not shown) is cropped out by etching and formed at
a place facing the gate electrode.

In Fig. 11C, Al layer is formed on the gate insulation film 109, and the video lead-out
lines 130, the source electrode, the drain electrode (not shown), and the like are formed
through exposure and etching. Reference numeral 113 represents a residue left as a result
of faulty etching, and the adjacent video lead-out lines 130 are short-circuited together by

the residue 113,

In Fig. 11D, a protective film 110 comprising an insulating material is laid on top of

the gate insulation film 109 and the video lead-out lines 130.

In Fig. 11E, a contact hole (not shown) is formed at a predetermined place through



O course, wthout dep'arti ng fromthe spirit or scope of the invention,
other types of enbodiments than those defined hereinbefore are § $SEP 2004
possi bl e. For exanple, in the enbodi ner@és although the scan lines and the
video lines are forned of Al, and the pixel electrode is forned of |ZGQ

ot her conbinations of materials can be used for the pixel electrode, the
scan lines, and the video lines as long as they can be etched all at the
same tine. Although the exanple described above is for formng the scan
lines 10zheprbt¢diive filindet) bi thesgatd dnsklation i filgh 09 bR pBkthirhin wetéﬁiﬁgg»}#é&. of
Al, M, or the like is also possible if conpatibility 1n electrTca
connect i Qhuridgthis!pebeess, thAEBBveN BaAFE RIHM r Lt iSes TRE
necessary togﬁem)p%géthe resi‘éues faromﬂ. rngda?%’t&é@@é%?ﬁ?%ag 0&5?@65[%%% t he
pi xel el | b xanpl e, if e pixel electrode is, forned
by using®l ig QS g%%%%grﬁggﬁeéﬁéos%aneoo,aeafl'é’ﬁu}'ﬂﬁy LEsBERivEYet dhApigesoocess
after et¢ghin TO .IL.f t scan_lead-. out lines 120 and the video | ead-out .
li nes 13@3%%“%6 %Fﬁ%ﬁ“&y‘qg éﬂﬁié I%M&#&}@ﬁfnaﬁlﬁpém sasngtibgretched dhring Herefchirig i

al so possible to renove the residues thereof by perform ng separate etching
pr ocesseSTOCRE 86 the protactive in klRethinresidygsel 12rmidt1H8 afdldfyneachanv® eaRBE in
described in the enbodinents, the invention is also applicable to other

types. | thtugoovesl &mpiliee alirds, tthesAGRos vk NO8E %@0@8@%&%&@%&5@ RNERE e

i nvention, the grooves are forned in the protective filmand between the

adj acent protéteRe filmes 0Qhd it §1€ idult8bn ?ilhﬁclb@%ﬁclf LSS4SR c%rb%er %'%ﬁa} l%{;}gr eof

I nstead of form ng the grooves between the pixel el'ectrode an eo
line. The regi | L I the video Ijpes or.the |ike being
et ched | oI Cror Y $ied Tet bl 10 Ao psired e exbonin Reimanyes |

| S possi r.empve residues.of .the video lines or the like fromthe
grooves gi nzga&pdrjg\?e?q{?\f?% ﬁ’&rptm‘i?f’?‘fﬁﬁﬂ:m ? Hher e iepteriasubatioay filins K09. 2 @Althongls@P 2004

caused between the residues and other lines, even if the pixel electrode is
made so ﬁﬁﬁ’\jﬂemt &t 115.1the gerovep 408k ane formed/inotho ghterieswatianBin i1 09 wiskd thk di ng
filmis fornmed between the pixel electrode and the video |ine.

residue 113 does not exist, it is possible to form the grooves 108b so as to penetrate only

through the protective film 110 by deﬁsing an appropria;ce étching method.

In Fig. 11F, IZO layer is formed on the protective film 110, and the pixel electrodes
106 and the temn'nals 131 (not shown) are formed in predetermined shapes respectively by
exposure and etching. During this process, because the etchant used for removing IZ0 can
also remove Al the residues 112 énd 113 left in the grooves 108a and 108b are also
removed. Thereafter, an alignment film (not shown) is laid on top of the pixel electrode
106 (not shown) and the protective film 110. In general, it is difficult to etch Cr and IZO
_simultancously if this combination is actually used. However, because Al and 1ZO can be
etched by the same etchant, it is possible, without taking a trouble of arranging an extra
process, to etch the residues 112 and 113 by forming the scan lead-out lines 120 and the
video lead-out lines 130 by using Al, and forming the pixel electrode 106 by using 1Z0.
As described, according to the present invention, it is not necessary to arrange a dedicated

process for removing the residues left in the grooves 108a and iOSb, because the residues



Furthernore, by formng the scan lines and the video lines by usﬁ ng At and
formng the pixel electrode by using 1ZO, it becones possible 8 StRn2004
each metal with the sane etchant and Si2l7'p||fy t he manuf acturing process.
Mor eover, the grooves are forned next to the |ead-out |ines that extend
fromthe scan lines or the video lines to the driving circuit, and the
resi dues that are produced and left between the adjacent .| ead-out |ines
because of faulty etching can be renoved by way of the grooves. Therefore,

it is possk BhE11PcARBROVE] &Mg{ﬂx@bf&:@éstof%ﬁﬂng% @Pélﬁc%uéfﬂﬁé bet ween
t he adjacent |ead-out |ines. Furthernore, even In s e gaps | yi ng
resul

P?;\évegp ;hghor;t Cl rtwtpg]g‘e{l% §t a%rPl s%%’dnﬂgt%@%l kﬁ’é3 lgﬁ?lg’é’é‘n‘lt) &S %ﬁJt
| b tly,
boss: bl <SS i&w&&,ﬁ@nt g% Figﬁ# BrpStaforsip A aewiles Gir Pee. b thes

smal | er sizes, t‘(_l:;her resolutions. In addition, since a vvork by V\/m ch
short - ci P’@hp‘ihwn% gl the searelinescandgbe videadinesraze formedvafdAlgand e gixelepai r
process is not required as an extra work, it is possible to shorten and

si npl i f yelebirodeeisaformpd af O, asttler tdrabiahsonsr Rlmaerakséan B wWes i e dsixdihe
liquid crystal display deV|ce of the present invention has the

af or enengleonaid, Bivatnh 3MES aﬁadh@eﬂieaqmeﬁéildﬁgtas%éycéxp BRALADN Gt fre' @a' S

b
and television nonitors, but al so for various types o? appcf‘l ances t

require gudi 5&1@5 }pﬂ% éﬁﬁg}?@ abév%%oﬁoqm%agﬁlaé %sﬁléqcrg@; %l spl ay

devi ce corrprl SI ng a pair rate avi ng
of the-stiger taPul® oEufFe e tél%%‘% At SeAL Mocrhe Tt Faopesiblotos: a
plurali t<):/01:npa \Qﬂ?gc:n lellerg:%?ca% gggx?e%it:lgg “}ltcl)l IchOe 1ssgkg§ rllxlltggacgclmirtre nIt*’usrth%?gorlealltdls
- mot necessary to remove the residues from the grooves at the same time when the pixel
| electrode is formed. For example, if the plxel electrode is formed by usmg ITO then the
residues will be removed by another etchmg process after etching ITO. If the scan lead-
out lines 120 and the video Iead-out lines 130 are formed by using different materials from
cach other, it is also possible to remove the residues thereof by performing separate etching

processes. Moreover, although the MVA type and the TN type have been described in the

embodiments, the invention is also applicable to other types.

Industrial applicability

According to one aspect of the present invention, the grooves are formed in the
protecﬁve-ﬁ]m and between the adjacent video lines or in the pixel electrode close to the
edges thereof instead of forming the grooves between the pixel eléctrode and the video line.
Then, the residues resulting from the video lines or the like being etched insufficiently are
removed by way of the grooves. Accordingly, it is possible to remove residues of the

video lines or the like from the grooves and prevent a short circuit that will be otherwise



substantially parallel to one another; a plurality of scan |lines connected
to the switching elenents and |aid perpendicular to the video ﬁig\ﬁgp 3004
gate insulation filminterposed between 2$he video |ines and the scan |ines;
a protective filminterposed between the video |ines and the pixel

el ectrodes, wherein two video lines are |aid side by side between the

pi xel el ectrodes, and a groove is forned between the two adjacent video
lines so as to penetrate through the protective filmand the gate

i nsul at i oauskd betwen the teistituesland yibtelindd] SN tHQHE ledfodd RIER doNarbh flam 1
wherein, as seen froma direction normal to the substrates, the grFoove is

fored akoogdape Wit %e WadStnebe Al tigh Al BLBARNNGE Tobil BEARLA IREBATC |

laid. 3. Aliquid crystal display device as clFarned in ¢

video i A, i xel electrodes are fornmed by using such materials

t hat caneﬁgtr?erm\‘/jte gvgdféglr?ei dentical etchant. 4. Aliquid crystal display
device as clained in claim1, erein the scan _lines and the video |ines
are formed o ermpte, by Prping thegioar dipgyiard theevidesr bineg byfusingoAl andfirmingZi nc
Oxi de) . 89 SEP 2004 -30- 0 5. Aliquid crystal display device conprising:
a pair othespisek elgeteadenby upigg| iZ§yiit becopsisapossibld edetth eactb aiend anith gieXeime

el ectrodes arranged in a matrix-like formati on on one of the substrates;
Swi t chi nqcman«hshnplﬁpmle&mmfhauﬁﬂ%me&@l el ectrodes; a plurality of video
| ines connected to the switching elenents and laid substantially parallel

to one anot thre@aveQ,' tHE Ftddviés Bfc BRAGD hd1 85 tROBIALGIAHel hat RGeS b WD Yean

el ements and | ai
lines or the video lines to the driving circuit, and the residues that are produced and left

between the adjacent lead-out lines because of faulty etching can be removed by way of the
grooves. Therefore, it is possible to prevent a short circuit from being established between
the adjacent lead-out lines. |

- Furthermore, even in case tﬁe gaps lymg between the adjacent iead-out lines &e made
smaller and, as a result, a risk of a short circuit being established between the adjacent lead-
out lines becomes higher, the residues can be removed. Consequently, it is possible to
produce the liquid crystal display devices of larger sizes, smaller sizes, or higher resolutions,

In addition, since a work by which short-circuited portions of the lead-out lines are
removed during a repair process is not required as an exira work, it is possible to shorten
and simplify the repair process and, thereby, reduce cost.

As described, the liquid crystal display device of the present invention has the
aforementioned advantages and can be used not only for portable terminals and television

monitors, but also for various types of appliances that require a display.



perpendi cular to the video lines; and a protective filminterposed between
the video lines and the pixel electrodes, wherein a first groove ié éciﬂﬁﬂ
substantially parallel to the video Iines in the pixel el ect r odedn 5
edges thereof, and a second groove is fornmed in the protective filmat a

pl ace corresponding to the first groove. 6. Aliquid crystal display
device as clained in claim5, wherein a light-shielding filmis arranged
on said one of the substrates so as to be positioned between the video
lines and the pixel electrodes and in an identical plane as the scan lines,
and the first groove and the second gr@ve®re positioned closer to a
center of a pixel than the light-shielding film 7. Aliquid crystal

di splay device as clainmed in claim5, wherein a gate insulation filmis

i nterposedcpalieen the video lines and the scan lines, and the second
groove is continuously fornmed in the gate insulation filmat a place

correspondilng t 4 liquid sgsteindisgapdavicetdoaiprisigf ormed in the protective film
8. Aliquid crystal display device as clained in claim5, wherein the scan
lines and the ¥Paeef subsafenhayingliqudicrystalgcaled therelivtwesinkel el ectrodes are

formed of 1Z0 (| I i ide). 0 9.SEP 2004 .-31- O . A liquid
crystal displ ayf) %gellelgg}o?g%p%ﬁ%éeﬁg& aamﬁgﬁ'gﬁfﬁ %(EH‘SE?‘} At ege w?ﬂ?%@utp}rﬁtg?;d
crystal seal ed §wieshehpedlvmens ciineled @) @ebieies @ddegnged in a matrix-like
formation in a pixel area on one of the substrates; switching el enents

connect ed to the Qs éf evifendimss conpealedaltd t the ofwitdhitep elemests emhraidt ed t o
the sw tChgdbgtaﬁ!iﬁw}}aﬁle?%doﬂe%{ngthersUbSt antially parallel to one another;

a plurality of scan lines connected to the switching elements and laid
perpendicular to the video lines;

a gate insulation film interposed between the video lines and the scan lines;

a protective film interposed between the video lines and the pixel electrodes,

wherein two video lines are laid side by side between the pixel electrodes, and

a groove is formed between the two adjacent video lines so as to penectrate

through the protective film and the gate insulation film.

2. A liquid crystal display device as claimed in claim 1, wherein, as seen from a
direction normal to the substrates, the groove is formed along the video lines

except in an area where the scan lines are laid.

3. A liquid crystal display device as claimed in claim 1, wherein the video lines
and the pixel electrodes are formed by using such materials that can be removed

by an identical etchant.

4. A liquid crystal display device as claimed in claim 1, wherein the scan lines and
the video lines are formed of Al, and the pixel electrodes are formed of IZO
{(Indium Zinc Oxide).



a plurality of scan |ines connected to the switching elenents and laid
perpendi cular to the video lines; a gate insulation filminterpog Q'SEPWﬁﬁW
the scan lines and the video lines; and a protective filn1inter3ﬁ e

bet ween the video |ines and the pixel electrodes, wherein scan |ead-out

| i nes extending continuously fromthe scan lines to an area outside the

pi xel area are fornmed as an identical |ayer as the scan |lines, video

| ead-out |ines extending continuously fromthe video lines to an area
outside the pixel area are forned as an identg cal |ayer as the video |ines,
and at least for the video | ead-out |inR&s, %.groove is formed between the
adj acent video lead-out lines so as to penetrate through the gate
insulation filmand the protective film 10. A liquid crystal display

devi ce as cf ai medlimdehatad@plaMagiel Bogasd,£f the scan | ead-out |ines and
t he video Iead-outqlingg haspgﬂ%chﬁ po@%?g% and a narrower portion

t hereof, a rati & p&tolsebsttates havide fiqpidrorysta seubel thiiebeteeegwer portion is nade

different from oneﬁ gelrg%)t her among.the scan_ | ead-out |ines or the video
| ead-out |ines S5 EEETRdSHArameeq i a Jpafrixiliks domation) apeeneopf Bigambgifatashe

vi deo | ead-out IsieBinkakmH et [ heal wiring resistance. 0 9
SEP 2004 -32-0 o 11. n% I qu??ggﬁéyclé%atwﬂﬁlaege%%{iﬁ%te as clainmed in claim?9,

wherei n edges ofa phiraitpaéfi videb Hndss tomteetsd afoe RO aiteliniV dlbméRS i MdSRid hat

t he groove not . .exposed to open air. 12. Aliquid crystal display device
as clainedSpﬁﬁ%ﬁﬁpﬁPgaﬁaﬁ%P%?ﬁWFh%Qscan | ead-out lines and the video |ead

Zine oci de) . 120 REe el Tuft {RenRAEr b MECo Thhind REHNG ot i o
wher ei n, f gerpehdicdario thewideo lines; and
a protective film interposed between the video lines and the pixel electrodes,
wherein a first groove is formed substantially parallel to the video lines in the
pixel electrode near edges thereof, and
a second groove is formed in the protective film at a place corresponding to the

first groove.

6. A liquid crystal display device as claimed in claim 5, wherein a light-shielding
film js arranged on said one of the substrates so as to be positioned between the
video lines and the pixel electrodes and in an identical plane as the scan lines,
and the first groove and the second groove are positioned closer to a center of a

pixel than the light-shielding film.

7. A liquid crystal display device as claimed in claim 5, wherein a gate insulation
film is interposed between the video lines and the scan lines, and the second
groove is continuously formed in the gate insulation film at a place

corresponding to the second groove that is formed in the protective film.

8. A liquid crystal display device as claimed in claim 5, wherein the scan lines and
the video lines are formed of Al, and the pixel electrodes are formed of IZO
(Indium Zinc Oxide).



out lines, a groove is fornmed between the adjacent scan | ead-out |ines so
as to penetrate through the gate insulation filmand the prot eCtﬁ‘?SCEiPl-?ﬂl]ft
14. Aliquid crystal display device as clainmed in claim9, whereintwo o
the video lines are laid side by side between the pixel electrodes, and a
groove is fornmed between said two adjacent video lines so as to penetrate
through the protective filmand the gate insulation film 15. Aliquid
crystal display device as clained in claim9, wherein a first groove is
formed substantially parallel to the video |ines in the pixel electrode
near edges thereof, a second groove is3f-o?ifed in the protective film and
in the gate insulation film at a place corresponding to the first groove,
alight-shielding filmis formed on said one of the substrates so as to be

positionedgpetmqgﬁ@h@@ngﬁp&gp%%@gﬁc@an I?ﬁggpixel el ectrodes and in an

i dentical plane as® the scan nes, first groove and the second
groove are posi tireinedsdisuses hivingliqeidiceystabfealodiherebetivban t he

| i ght-shielding fi 09, SEP 2004 ABSTRACT On a substrate of a liquid
crystal display? gfé%t,fodﬁﬁ argnged dn amaivgrdilie firpetioningcpiredes on oneaf the
matri x- i keyf@ep@tion, TFTs (7) connected to the pixel electrodes (6),
video lines (5) and scan lines (2) both of which connected the TFTs (7),

and a protecti vewlthing tlement@saitkciddas WrRexdl RRcibE@0 | i nes (5) and the pi xel
el ectrodes (6). On the substrate, two video lines are laid side by side
between the pi x@l PR b grideo Jhinesgeanseetsd (1p2theaswitdhingreteniants fed laid

protecti Vesﬁ%@i@l‘?}#‘ﬁﬁf&lw&e&ﬂoﬁ?&m video lines (5). Video |ead-out |ines
[

and scan | ead- out nes are arranged in a simlar manner...
a plurality of scan lines connected to the switching elements and laid

perpendicular to the video lines;

a gate insulation film interposed between the scan lines and the video lines; and

a protective film interposed between the video lines and the pixel electrodes,
wherein scan lead-out lines extending continuously from the scan lines to an arca
outside the pixel area are formed as an identical layer as the scan lines,

video lead-out lines extending continuously from the video lines to an area
outside the pixel area are formed as an identical layer as the video lines, and

at least for the video lead-out lines, a groove is formed between the adjacent

video lead-out lines so as to penefrate through the gate insulation film and the

protective film.

10. A liquid crystal display device as claimed in claim 9, wherein each of the scan
lead-out lines and the video lead-out lines has a wider portion and a narrower
portion thereof,

a ratio between the wider portion and the narrower portion is made different
from one another among the scan lead-out lines or the video lead-out lines so that each
of the scan lead-out lines or each of the video lead-out lines has substantially an

identical wiring resistance.
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1. A liquid crystal display device as claimed in claim 9, wherein edges of said pair
of substrates are covered with resin so that the groove is not exposed to open

air.

12, A quhid crystal display device as claimed in claim 9, wherein the scan lead-out
lines and the video lead lines are formed of Al, and the pixel electrodes are

formed of IZ0 (Indium Zinc Oxide).

13. Aliquid crystal display device as claimed in claim 9, wherein, for the scan lead-
out lines, a groove is formed between the adjacent scan lead-out lines so as 1o

penetrate through the gate insulation film and the protective film.

14. A liquid crystal display device as claimed in claim 9, wherein two of the video
lines are laid side by side between the pixel electrodes, and a groove is formed
between said two adjacent video lines so as to penetrate through the protective

film and the gate insulation film.

15. A liquid crystal display device as claimed in claim 9, wherein a first groove is
formed substantially parallel to the video lines in the pixel electrode near edges
th_ereof,

a second groove is formed in the protective film and in the gate insulation film
at a place corresponding to the first groove,

a light-shielding film is formed on said one of the substrates so as to be
positioned between the video lines and the pixel electrodes and in an identical plane as
the scan lines, and
the first groove and the second groove are positioned closer to a center of a pixel than

the light-shielding film,






