-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 Ligespagyse \ﬁdﬂ'?q" lﬁie‘fl tersect each other at right angles,
and the TFTs are prov?'&e hé¥ I'h e¢ 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 ingulati filmor on the protective film Gate el ectrodes of the

n
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 entthatars acHioed debéntingl 2 shshit & SrinB ok ' -patternin
process through a rretlﬁf)% sucr@asﬁﬁ)ﬁgtol it':(ﬁ:)gra ﬁfﬁegg‘gm%gﬁ’%gﬁyfg%ﬁnpﬁ
renovi ng [sHACARERSAr Y portions through an etching process. During these

‘processes, if _

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,



and one of lines are short-circuited, which causes a displa
As a measure to cope with a problemlike2this, conventionally, the
short-circuited portions are separated through such a nmethod as
irradiating a | aser beam on the unnecessary portion during a repair process
whi ch is conducted after the patterning process. Japanese Patent No. ‘
2738289 %gg Donestic Re-publication of PCT International Patent

| i cat iané r¢govikg 96ne6 r8i6hO8eo I d4&Hs an sure to.cope
Wt Strast Rt A oSy e ABE e f o)

with the problem This structure will be describe

12 and Fiagartld. th&Eugnece } L1 . Vi ew show i xel area,
and Fig. g11)3 is a crossgsgre)}c ?lgir?g% E%ﬁegvﬂn%gﬁ%ﬂﬁlé rgmgp&gspagggqqagﬁg IH}?Qan ne
D-D sho kil . Limes 201_.are patterned on a gl ass substrate
200 and g%bg% gu‘?dﬁggié{?{cgﬁs'gﬁafr%%%yi‘%gfa?lafed on the scan lines 201. A gate

el ectrode ZO%a of a TFT and an auxiljary capacitance electrode 201b are
protruding ffont CHESYEIA 99Pf ¥t g1problenic Hise dus.neomeentionaly the pheseitsiteda
sem conductor |ayer forned on the gate insulation film202 so as to face
the gat eP¥lERE pgferargigd shroughisuchsomethed ne iiiintidg4 jags baafoaithe 1GREQR205
are arranged on the sem conductor |ayer 203. Video |ines 206 are patterned
on the gBertion duiihgs repairfrirboes? Gdidhris Seitucted dr i Phuterhftp prbelge |1 nes 206 and
the scan lines 201 intersect with each other at ig%t rPg es, and a source

Vi deo 1ines 200 Rolorance noveral PR KEMaitaton of 1 deERationlo b

video lines 206. Reference nuneral 2 repres
connect ephtéit AhRicHhidd N ' and a pi xel el ectrode 208, and is formed
of the sane.. rr%? eria géWbe&g(ﬁ)ﬁér%ggsag?ee%E‘F‘bcg%re?@@ém@ieﬁmeﬁ%@émgmp with
t herew t i s~exanple, t i.xel_electrode 208 is formed on the gate
i nsul at i tgﬁ pk‘ﬁl‘%n 205 §§HB%“’¥%‘€HEB‘§ descibed wathyefgeance tnBig. 2D6nd Rt 4B enBig,

a protective filmfor covering the video |ines 206

nuneral 209 represent
and t he ‘?ﬁ Ret S?‘mi@ﬁaéﬁmsm shavamg A pixel ereg4gnd Big019 iSER3@0&ctional view

showing a cross section along line D-D’ shown in Fig. 12.

a part of the unnecessary portions is left unetched, this rengjni part
yihd SRR 200

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)]



el ectrode 208, and is provided with a slit 210 in a correspondi ng regi on
bet ween the pixel electrode 208 and each of the video Iines[?SG Ehgﬂ% for
exanple, the etching for the video Iines3206 is insufficient, ﬁg [ 211
causes a short circuit between one of the video |ines 206 and the pixel

el ectrode 208. However, it is possible, by formng the slit 210 and
perform ng an etching process thereafter, to renove the residue 211 |eft
inthe slit 210 and di sconnect a portion of the residue 211 left on the

pi xel el edeqtwde 2088arid isrprovided indihica §itr3 0306 cdriesBbREBR &8 i
video line and a pixel electrode are short-ci rcg(ist eag %et]ﬁ%@gﬁpythg pn?el

residue, eldctiofie P08 shdbshlod HEWBYSIALS 06" €51 due by formng a slit between
the video Iine and the pixel electrode. In general, the scan |ines and the

video |ines awgeh ugi I .1 he. pi xel .el ecfrodes are forned
by i ng 1 7O (e oh eartey e Wetthe B L videfl s 26 i5 jasmaticient.ox svedue 261 an
i nhorgani G.J ing. fi. j ncl udi n i in many cases. Therefore, it is
i NposSsi bﬁ;gﬁ%glg glidgﬂ%gﬁ%lh rgﬁ%’fegf‘s‘)%sg%ﬁ’eowd@ lings, 20 Tand( tha ctineh efeqtrods i 208)
si mul t anepusl| be/. usi ng an _etchant suitable for etching the protective
film Coﬁ'@&ﬁféﬁf 1§ Posiible by fogming theelit 2d Grend peifonming sh retobing grocdst tHefeafier,
necessary to performan etching process for renoving residues that are

left in theemavetthe eesidue 2 hdefsin the skir Z Of pidriistoifed aﬂabﬁl(ﬁﬁéﬁtﬂ@refsklhg‘ﬁpletﬂh at
the residues are disconnected fromeach of wiring |lines, which eventually

i ncr eas esnthepinelruléanotds 208 Grofi BB SideoR@EbOEY! B ' sANLines, video
| ines, and pi xel electrodes are forr?ed by usi n%ﬁgrﬁé%i%,}&egﬁﬁdwg?oeﬁ%%@ rom

each ot herpix@ #lbstadlel dr¥ MbriCliGt ©2 18 SA Ledaio femove . the
residues fromthe slits, RIS HHHD pdbether 1Y 3 rékiliueh 105 Bt o semewbitie f or
r enovi ngraldue® erials jncluding A, Cr, and I TO Furthernore, even
if ar esir%uélco$ fg}#iﬁ%g%%fﬁ?tﬂzgex} {hfé'l‘feé’ IWgtaneiﬂPeeE‘f‘FI)Fl‘?P@i‘?ﬁ@ct ed to anot her
line, it is possible.that E.he resi due comes in close proxinmity to another
line by sandw ERISHY> He 5rblings angthe video lines stsofomed bunsing bilsorrtay theasisd t he
. . - - I
junping of electricity between the [Amended Sheet (PCT Article 34)] 4
electrodes are formed by using ITO (Indium Tin Oxide), and the 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 perform 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)]



0 9 SEP 2004 residue and the line, resulting in a state of short circuit.
Therefore, it is desirable that the residues be disconnected lgm}sﬁpzdgl ne
where possible. This also applies to residlues of the scan |ines: ér
to cope with the residues of the scan lines, it is necessary to extend a
slit formed in the protective filmas deep as into a gate insulation film
However, there is a case in which a light-shielding filmis fornmed between
t he pi xel _e] ectrodes _and the video lines in plan view and in the sane

pl ane wi t¥7SidHe 2ad the ling, sesuiting ki stastafishom oircuit t Tlkeréfote, iﬂ@%%&ipibi?% ﬁlﬁt form
the slit in an appropriate position, because the light-shielding fiTmand

the sl i tresidaed bepdisddnheded Froat then; . B ~out |ines
e sean i nes, beane LI, mEFRC SR s ot e

extending fromthe scan lines and vi deo 1ead-out

vi deo | i reean fines. f dh 15edbrad cb i de_a,.pi xel, area conprising a
plurality of pixels S0t haﬂﬁf?@%ﬁ:ﬁ%ﬁ%ﬁﬁf@ﬁs@@ l'ﬁ?sr Gus pecgssary ijextend he

scan | i negit faRdG | -l1pes. There.is a possibility that the |ead-out
lines are short-té?r&lgmr?%gm\%é ﬁlﬁn% SRS MR 2 Bate Beatie uedowesfer, there s a
result of insutficient.etching process. However, the above nentioned
refer encé’g&glon ﬁr © ﬁrﬁ%@tﬁb‘eﬁf% d8imyisi formed betwiers ther pikélesiectiides hab thesyiado t he

i nvention. An.obl ect, of the present invention is, in light of the
above- nent o84 Bevand, intthe spmovilate with il ibdindtnest atn i Rhid¥ur e ot hat

can be produced through sinple manufacturing processes in which residues

of wiri ngossitledo forgi the skinih BubysHroEriné pasifibn B he: i apl
di sconnected fromthe wring Ilispng%-1 sopt ﬁatﬁgt h%ﬁ{si@&eﬁgﬁh&?@g[ﬁé ﬁf}gé{t%&pe

devi ce oflitarverlapwitieach sihepl ay result. To achi eve the above object,
according to the present invention, in a liquid crystal display device

7 e B PO, £ S ARG SRR s £ e s
9f the syhst ERb&fing Frotn T vaden linos are formed on the substrate outside a pixel area
comprising a plurality of pixels so that signals from a driver circuit are fed to the scan lines
and the video lines. There is a possibility that tile lead-out line§ are sh;)rt-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



sw tching el ements connected to the pixel electrodes, a plurality of video

lines connected to the switching elenents and laid substantiafj g $EP ))&l

to one another, a plurality of scan |line$- connected to the swtching ,

el enents and |l aid perpendicular to the video lines, and a protective film -

I nt er posed between the video lines and the pixel electrodes, two video

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

formed in the praotective filmbetween the two adjacent video |lines.

Accor di ngf¥is lginents gennestedrto itampixelrelecttodey iachlomiist 6f vidoSIfed ¥ oRRtedqo t hat

S provisltgd v%ndilg a pair of substrates having liquid crystal sealed

t her ebet Wibe awitghing Elesientstanddsid sabstanaae paial rl ' Ll 0N on one

of the substrates, switching el enents ggnneg?gg@%gh%g%gf’ﬁg)}l&@?%gc rh(%l&%s, a

pl ural i t yeoahectéde® thé n tQat ' ' | ement.s and | ai d
Pching &Eﬁﬁﬁﬁ e@l,d e %\%aeﬁ?jfﬂg: flo s‘gg n“&‘?“n @E‘esc Afett ed

substantially parallel to one anot a pltu y of
to the switeh ai er pendi cul ar t.o the video lines, and a
protecti \3% fﬁ%gﬁi%% er pgészegq%g‘fv%\eéle e%ﬁ?gqmeaégé ﬁ?eﬁelﬁlﬁfupﬂ@ss pve &ideo lines

el ectrod f.d,r st ove is _forned substantially parallel to the video
lines i n%?%lea?dp?’%li’yé‘?‘g‘?ﬁ’fwaﬁl the pixel glpetrodese pada gronve isfamed id thyr moscetive
formed in.the protective filmat a place corresponding to the first

gr oove. i@ the twpadipeant sideo linesant i on, in a liquid crystal display
device that is provided with a plurality of wiring lines conprising a
conduct i ve matesoidihg anthefppesentlinoentivhe ir0h liqeldleyfal @sHiayPd AR RS iis\fa?oJi adgm and
an insulation filmlaid on the wiring lines, a pixel darea conprrsing a
plural it withfa piixef sube@abs Rivinligdid BAN¥aD Seafedl tode, and anot her of
the substrates facing said one@gf b@ﬁe sfgegﬁpglt%ié%@ﬁ%@&“%?&ﬁfﬁo%ﬁﬂg%eﬁ
.sandwi chggdatharehat . forned in the protective filmor both
in the protective f}ﬁ?m gth%g{)ﬁg%??\%%‘gfwggg%ﬁ ?‘W\“&’é&& E]rFBleF'ﬁé’OﬂP?qt%tq thges
out si de ' area,on,.sai ne.of the substrates. According to the
present ir%\%leﬁitelégéﬂe%i % pémﬂléru?ﬁvﬁf’?/%lnﬁ? canagstedytolhe; spdtchingt clerments avd daid

with a paibr of. subst alges having liquid crystal sealed therebetween, a
pluralitM™% Vi R@l‘&ge tocpne mﬁerﬁa plurality of scan lines connected to the switching

elements and laid perpendimﬂa‘r to the video Hﬁes, and a protective'f'ilm 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



| ines conprising a conductive material and fornmed on one of said pair of
substrates, lead- out lines extending fromthe wiring lines t erS%P. ﬂ@ﬁ)‘l _
circuits for feeding signals to the wiri*fy lines, a protective film and an
insulation filmlaid on the |lead-out lines, and a pixel area conprising a
plurality of pixels, the |lead-out lines are forned outside the pixel area,
and grooves are forned in the protective filmor both in the protective

filmand the insulation filmnext to the | ead-out lines. According to the

present S SPTBRSING a Gondnetive patesiel ands frirmpd devineeafisaidopa oE atbsB¥tes, IQ4d nY

a plurality of scan |ead-out lines by using a conductive nmaterial on an
i nsul at i Ryt liseestending frowrthe mdriag linestol daivirifoul ¥ Teddify HEAMS & 1n0%ring
luralTty of video

substrate and the scan | ead-out lines, formng a plur

[ 2ying 8 procert v fi mon fho ko IElR] b e abidh R btk

| aying a protective filmon the insulatio
i NG -out |i trati

through ¢ ey g ESrals oF PEBE R, NP Bher e Btmell ARkt mirel et ando ¢ he

vi deo | egg; i rogoves penetrating through the rotective film and

f or i ng, %io%r?qrtg %1 g} F g‘f‘%%?‘? 85 I?rPfeﬁf‘V%%ﬁméﬁ ot Ehthefnrotmr@sgm giihthe insulation

conducti wity, erejn the_ conductive materials exposed in the grooves
f or med nﬁ%%ﬁ%ﬁé‘eiﬁ%‘&mmd-out lines and in the grooves formed next to

the video |l ead-out lines are renoved Dby etching. Brief description of
drawi ngs Fi gﬁcfoﬁdyl&tfpﬂanpmﬁmlvinfenﬁoﬁj i diquRl Bt RHR B?Vde’@ﬂ:eaisgjréﬂce? by,
el ectrodtg of a first enbodinent of the invention. ]Q-I g. 21s sinp i¥i ed
sect i onaformingna tphirelityadfasagn ldadeouiiies B9 Phol Dedidet; i Q. is.a view
schematically showi ng a positional rel gti oﬁsh?p ‘é ‘\;l/\elerélﬁie eg'blaﬁéPS“Ya“ng
el ect r odsubstiste PfoPin B8Rt AntinSulatloP fifn IGR =1 0. 4A IS vi ew for describing
afirst steP for fﬁggin‘i ng Iaa?/ers ?ﬁ?ﬁ%ﬁ%&?%ﬁf&g?raﬁaéh%?can lead-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.



i i i i i ew i ' d step. Fig. 4Cis
t embodinent. Fig. 4B is a view showing a secon

;h\?i ]:a:/vr:hovm' ng athird step. Fig. 4D |s7a vi ew4|s:hpvm ng a fogagcmgﬁ%@@.zgpith
i i view showing a fifffi step-7-Fig. is aview
Elt gp 4Ei L;S g is a plan vigew of a first substrate having a pixel el ect_rodeI
of a’second enbodi ment of the invention. Fig. 6 is a_5|npl!f|e? sectiona
view taken along line B-B" shown in Fig. 5. Fig. 7A is a view for C ihe
describing a %’jgrst step for formng layers on the first substrate o

second enbodi @nf4 ifp glew foridescaibingavissh stop for BreagoRgers bfRhe fisHsubiuk %E”‘
view showing a third step. Fig. 7Dis a viewshowing a fourth st_ep'.[h tg.
7TE is a \Ih%%d‘%hmhbdiglmt.fi fth step. Fig. 7F is a view showi ng a S|n;<) o S nf.
Fig. 8 is an enlarged plan view of a first substrate of a third enbodi nent.

' [ i lating to
Fig. 9 is an EQJ@WMBOWIﬁ’%%oﬁdQ imeter of display area re g

[ [ [ ’ | an vi ew of areas
the third enbodinent. Fig. s an enfarged p _ _ _ R
i } i third enbodinent. Fig. | |
surroundi ng &b e -egghg‘%,ﬁlgsa[%aé%ng to the [

i i P forming layers on the first
substrate ffiﬁ asc[ﬁ"hn?i e o ehounin o e e s % bo04 Ry, 1B
subs ( :

is a view shovﬁ‘n&i1 8 ‘g ﬁgogqng&fomh step.

Fig. 4E is a view 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 third

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.



Fig. 11 Cis a viewshowing a third step. Fig. 11 Dis a view showng a
fourth step. Fig. 11 Eis a viewshowng a fifth step. Fig. 1]85 6EP82[][J4
view showing a sixth step. Fig. 12 is a-gl-an view of a substrate having a

pi xel el ectrode of a conventional liquid crystal display device. Fig. 13
is asinplified sectional view taken along line DD shown in Fig. 12. Best
node for carrying out the invention Hereinafter, a first enbodi nent of the -
present invention will be described with -reference to the draw ngs. Fig,

| is a plan Viigwd isa viewshowingstseatral tiqui ng a pi xel electrode, Fig. 2 is
a sectional view taken along line A-A" shown in Fig. 1, and Fig. 3 is a

vi ew schemathigallGisshadew sliowinp@shird @8l rel ati onshi p between projections
and slits within a pixel area. Here, this enbodinent is based on an MWA

(mul'ti-domai rFiyenD 8alvishw Shdwing D Ref erence nuneral | represents a
first substrate which is a tra%spgé%}gﬁeg‘ubstrate of, for exanple, glass.

Ref erence nu ly 22 ent.s s |lines fornmed of Al or the lIike, and
~reference nuﬁé‘gﬂ%s?g’%ﬁ"g@’é’ﬁ‘f’ﬁgﬁﬁﬂsﬁﬁy capaci tance el ectrode lines formed -
Si rrultaneous‘x%vi/ilgh the scan,lines 2. On this first substrate 1, the scan
lines 2 and 05t ViIeH: SrovaRs@ SikENgeD. el ectrode lines 3 are laid in

paral l el at substantially constant intervals fromeach other. Reference
numeral 4 repifdéns 8 plangeirw dfrmswbsttite hating epiail dleeRodeOer DéortvBiiomt Auili' N€s
2 and the auxiliary capacitance electrode Iines 3, and video | nes are

f or med oerystebglisplay tievdcgat e i nsul ation film4 by using Al or the like. The
video lines 5 are arranged so that the video lines 5 intersect wth the
scan |ines 2Fat 18ighsi ; [l d.9 0 9 SEP 2004 by the
scan |lines 2 %\d t he u\}gyggg@ﬁcﬁgggﬁ}g%@%% sh%??j@ Mo in kg 1% ach pi xel |
there are provided a pixel electrode 6 fornmed of 1ZO (Indium Zi nc Oxide)

or the like and a TFT 7
Best mode for carrying out the invention

Hereinafter, a first embodiment of the present invention will be described with
reference to the drawings. Fig. 1 is a.plan vie\;v of a first sﬁbs&ate having a pixelr eleéﬁ‘é;de,
Fig. 2 is a sectional view taken along line A-A’ shown in Fig. 1, and Fig. 3 is a view
schematicallly 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 iike,
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
guxiliary 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 t0p. of the
scan lines 2 and the auxiliary capacitance electrode lines 3, and video lines 5 are formed on
top of the gate insulaﬁoq 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 -



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 enbodi nent, tag @
lines 5 are provided for one pixel and tWo TFTs 7 are connectedﬁ/'fsi)\g(;ﬁg?[m4
pi xel electrode 6. As a result of this arrangenent, in the fabrication
process, even if one TFT 7 happens to be defective, the pixel electrode 6
can be operated by way of the other TFT 7. This ensures an inproved yield
of the product. Reference nunmeral 8 represents a first protective filmthat

covers t HY e gean linesesarsl tncriddchBncERT sorfospéiisab a5 geNU 9.reppesents a
second protective filmlaid on top of 't hepfi rst r}%r%i egtglltg%hgnfeih{%‘:e ahd

L ot s o, st o SR AL

For exanple, the second protective f

to act ashais pladdd 8% iR8ctidhlHOwdlL Srpativel vy, .the first protective film38
may - be forrredf)as an ijnortg)gm ¢ é%nn%ﬁﬂgﬁﬁ °¥‘1 Jings Zrandk gaeh 98 tsriddasr lirteicas av e
film9 a . | C. | at i il m Through the two protective filnms 8
and 9, tﬁ‘é@e aé %%%e%ﬁegﬁ‘%m%ngo‘{%@%% tyq vidso dises 5 ams ptavidedafor oﬁ@ﬁfx@ﬁﬁﬂndi ng
to the dgai g.gJﬁctrode of the TFT 7, and, through these contact holes 21,
the pix&f° dfder Agtieonnegied (o nae pixel electraiet 6. 0dks @r@uRlog el iaﬁ'&llée}ileﬁf,’@r?ﬁ{ét ed
together., On the gate insulation film4, there is fornmed an 1nsular

el ect r odEbHISEHOSPrO0Esy. ¢wenaf mor TFDIT lidppereah beakiddGve.t LLi.ar
capaci tance electrode line 3. The insular elect ro‘éeé tﬁfp?(gfr(ﬁé@%g 6t‘ﬁ’8 b§am3
mat er i al oparatedby tWag of dienthédTEFRY. t 18is\eh j .1.khe insul.ar el ectrode
is electrically connected, through the (gzlggsi%dc %‘15%‘9"%0 Rpdycte ¢ wo

protective fRefBerBe@ ' | ectrode 4 so that the insular
el ectrode and the gu%ei%éﬁtfe%ﬁg%%é%ﬁ%kgmgﬁcﬁﬁﬁ@ﬂg‘qti"ﬂ‘éﬂr%thet‘@@dh@ﬁ Spndduce

auxi | i ar, e La0GE.d ach,pi xel . Edge portions of the pixel electrode
6, as obsgrveg Tf%om ?%ée ?rgg?irﬁfe%%gecpﬁdmeWﬁrfﬂmlsub@tto@t(ﬂ‘tﬂeﬁrst
parti al | 2 | it he scan line 2 and the video line 5. Wthin each
-10 0 9 %ﬁ%&%‘bﬁﬁbﬁ;@% t%Fé‘ gleetredesse éorared dndoprefitte sebotidprblerrivl ] 1 t S
10. The 9$I ?s 10 are formed by renoving parts of the pixel electrode 6

t hrough “a g6 E&8aDisythe sqeondhproteciivifilm annyy BOEiveh @ flat surface so as to act as a

flattening film. Alternatively, the ﬁrsf protective ﬁim 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



arranged substantially parallel to the adjacent slits 10. In this

enbodi ment, the slits 10 extend in directions 45 to the videoflIg 1$E F5 2amd
extend in directions deviated by 90 theklefromat the auxiliary capacitance
el ectrode line 3 serving as a boundary. Anong the edges of the pixel

el ectrode 6, parts where liquid crystal nolecules are nore likely to be

m sal i gned according to the position thereof relative to the slits 10, are
formed in,a_sawmtooth shape. Accordingly, edge portions of the video |ine
faced t h@Pehidlestrode 6a/therefase feunddha plurshityt oblits SHaP TheRAFE1ONRE FOART g 11
represents an alignment filmthat covers the pixel electrode 6 and that is
subj ect edernoving phite af the! pigelrebetirotie 6ahfRbh a nt
grooves formed between apdj acent video I?neﬁéﬁ %@%%ﬁlﬁoﬁéhgﬁg?§2
ar e showarrafleddngibag@hé | re .anged .. cont i nuQus

t hr ough thgﬂggat e i nsuelma){ F%ﬁﬁ?li %&ﬁﬁﬁdﬁgﬁ%ﬁ%\}\g p@%gt‘eﬁlﬁgd‘ﬁqﬂﬁsﬁﬁs ’ﬁdhg. In
addi tion qr are formed along the video [.ines 5 wiith both ends
t her eof F)éttgg(?e cfe})éggnstzgst ktl%té é’ﬁr? iﬁ’%es %2“5{] exigRd d0ygirectens deyieted hanfe

el ectrodﬁgl itgoes g Acccirdi ngly, if residues of the scan lines 2 or the ‘
vi deo | i heLetEom af thepiciliary chpaciiangs electode linpd sepdngase boahdary.n Ambeg greooves
22 are etched sinultaneously wth the etchant that is used for formng the
pi xel eP&eﬁerdhe ®ixchatectrpde pepirtuwberariguitl srystahentl@tldsraenidie likelgnolgenes 2
or the video lines S. Because, in general, A, G, and |ITO can not be

et ched binisadignel adverdiimgme the pbsitibn tharsdf Alativartd thesMis 80 BREFRMEN G2 DiPShNY

the sanme etchant, it is possible to etch the residues, wthout arrangi ng

an addit siapal ABsuHi@GIw ei ; - 1] i nes.6_and the .
s R CAPORNRRE B he VKPR Reh or G old JFP femilihg "+ 70

video lines 5 by using

Ref er encgwiyHm sBhpel 2 LESE nd substrate which is a transparent
substrate of, fo e%e%yee(fse g aeérgl. fge%{ﬁgntggggﬁfgn@gﬁgﬁ%p@t govers g iixelr e
formed b i .13.s0,-11 0 9 P 2004 as to separate the individual
pi xel s, %ngt%‘%?r%déﬁélfﬁqb ecé%ql rveftqa ghignment Geatgient. o corr espond  one-t o- one
to the pixelﬁ. The color filter 14 is of one of red (R), green (G, and

bl ue (B) eference numeral 22 represent grooves formed between adjacent video lines 5. In

Fig. 1, the grooves 22 are shown in the hatch linés. The grooves 22 are arrangcd
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 left in
fhe 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



col ors depending on the |ocation of the correspondi ng pixels. On the col or
filter 14, there 1is laid a transparent el ectrode 15 of, for &@Wﬁfﬁ 200%C,
1 ZO, or the like, and, on the transparert- el ectrode 15, there are forned
projections 16 in a predeterm ned pattern. The projections 16 are forned,
for exanple, by formng a resist of acrylic resin into a predeterm ned
pattern through a process of photolithography. Wen observed fromthe
direction normal to the second substrate 12, the projection 16 is

posi ti ones ts sesiratatthaiddividin! gigdlvesd hbe &bt chDrafd P 3) !aglt? tﬁ@ﬂé@?ﬁ' Its

10 adj acent thereto in each pixel. The projections 16, as i C for

L et i O B ) ot i

capacitance electrode Iine 3 serving as a

portions .gf h-xel trode roj ect.ions 1l6a extend al ong the edges
t her eof . c%%st ?@gﬁg% roélﬁt#g?oé: g‘&? Pﬁﬁ@ "Ii)’ﬁrejﬁ?ﬂ?dll’rgeplﬁéﬁj eenithmeolapiiigrd 4o theey ed
with an al i%gme t film1l7 that is subjected to vertical alignnent

t reat ment® t 2 200 trede, ISy ok dor lexamaleg ITOt H8Oe or ghe rikes pndech she
liquid crystal layer conprising |liquid crystal nolecules 18 having

negat i velanwpeat elegtrodmbi, dhere ame fomtmed projettionsddcih dopre@dtermihepitre! epld i
field is present between the pixel electrode 6 and the transparent

el ect r odprojéetionhe 8 arpuifetnedy FoalexaRbRC Wye Sorkfin@ £ rédidt ti.cal y
being restricted by the alignnent ?i fms)el 1 a%d {7. %’ggcrgﬁéeﬂlegeigtirnlyoc%fiel d

i s presepiedbeiiied fallém hioidh £hafkto ranBRAl ROl & BShy gde 15.
the liquid crystal IJTr{:rlt)l ecul e$ 18bare ?ﬁgﬁ?t?{ggmyr%ﬁ&ie%%lfﬁﬁ%? %PP’eg’Fi on.
At this biom | AU t I es 18 are inclined in =~
predet er m ne néiiarﬁglélt @ghg S%C;O}égéslﬁ%%rrg?eeg%%?’éﬂewnﬁﬁe‘s opifignedosubpigntially in
proj ecti 16, so..as to forma plurality of domains within a single pixel.
Fig. 2 sgﬁgﬁ%{ ?laeaﬂ}% gﬁ]é’ﬂg pﬂrﬂgﬂstf’a@’@ §1i%5 i ediacent shasetorincedchepistel. s Theesent
between the pi xel electrode 6 and the -12 0 9 SEP 2004 transparent
el ect r odBFOIRELONS 1¢.rastis the sasezfer theoslits I0aixtend in Wireationsideviantl H;n90F hr it
substrate 1, and a second _

auxiliary capacitance electrode line 3 serving as a boundary, and, at the edge portions of the

pixel electrode 16, projections 16a extend along the edges theréof_. The- transpéféﬁt

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



pol arizer 20 is laid on the outside of the second substrate 12. The first
and second polarizers 19 and 20 are so arranged that their tf@gp@{fs?ﬂn
axes are perpendicular to each other. -\l@en the transm ssi on axés e
pol ari zers 19 and 20 are at about 45 to the direction in which the liquid
crystal nolecules 18 are inclined as observed fromthe direction normal to
the second substrate 12, transmssion light is transmtted through the
second pol arizer 20 nost efficiently. Since the liquid crystal nolecules 18
are incl fiaBpaggnt elggloede B to the projections 16 and slits 10, the two

pol ari zers 19 and 20 are so arranged that the transm ssion axis of the

second pol ar iA& dirst2folardzet 199 R0 Uid 4 1R éﬁiﬁdgidfﬁﬁéifﬂ{}t hﬁbs‘ﬁQ{eCP ﬂl’tﬁgﬁ S%Lcigt 10
t5,

and the projections 16 extend within the pixel. I'n this enmbodi

transm spblafiza@xd@ i®Maitihgn fid | afigzer coinci.d wi.th Lhe direction in

whi ch the scan |ines 2 ext e%HfSR%ngftt%ees?caoggssﬁb&ﬁt%ﬁaaxi eotirst ad seeandd

pol ari ze it BC wWth the direction in which the video lines 5

ext end. W%ﬁzﬁglg%g?ﬁ e py 8franged ‘b?‘e@'s*ﬁtﬁasgp@eﬁ agpreansiperpendicular toeehe and

the trangpare el.ectrode 15, the liquid crystal nolecules 18 are aligned

verti cal P§F Thiden fhectransmission, axqsoptythe darizerm i9riand i26narki ajhibotihés® faaghebeen

transmtted through the first polarizer 19 is transmtted through the

liquid ciiestign inaybichctwpliquid ngysthle rolepuled 18 visd aclified QRUMRSvLE fr&ha% ;o

i.e., anhlri nearly polarized Iight, and is then shielded by the secon

pol ar i zedir@@ipn mesmalt fonthe i secdildagibsits NI2a YranMistibe r Rffrted RS

predeterm ned voltage is applied to the pi erS ' elhg'(t:l?rfso%gelﬁgﬂ%nd aﬁugglltgﬁt ric

field appecidpdleingen hbe ophciehle! & ; e transparent. el ectrode
; 1 e AN RBIREPY Sipeied

15, the liquid crystal nolecule are 1nclhrned i
di rect i opoud sy ] rq l.arized transm ssion |ight that has been
transmtted tﬁgu%ﬁwg&%ﬁss&&%@?%ﬁ? ;é’rtﬂe ﬁoi@%ﬁvéq @Higﬁ(h?@ 9| arrgogedal |y
pol ari z tght by. the l.iquid crystal |ayer conprising the 0 9 SEP 2004 -13
i quid g‘ﬂ%‘%‘%ﬁ"‘ﬁ?&?"%&?ﬁ ggs gg‘s‘heéﬁ‘épqd@é%r 20 israt pbeutdd® (hthodipkctidnein sedend
polariz%ﬁ 2? s? as to be displayed in a color of the color filter 14.

e slits 10 and the projections 16 extend thhm the pixel. In this embodiment, the

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



Next, processes for forming individual |ayers on the first substrate 1 are
described with reference to Fig. 4A to Fig. 4F. Fig. 4A showd] § BEBcR§% of
formng the scan lines 2 and the auxiligry capacitance electrode |ines 3
by formng a layer of Al on the glass substrate 1 followed by exposure and
etching steps. Fig. 4A shows a cross sectional portion in which the scan
lines 2 and the auxiliary capacitance electrode |lines 3 do not exist and
shows reference nuneral 23 that represents a residue left as a result of

faul ty etighid@ystalinglecdlBs $8.0M i3 thAERSRiR t?%glgfi}] g% %go%d;fog&g%eé 2Psgas iy

sem conductor |ayer (not shown) in an area

| ayi ng tmg-dﬁﬂ@eﬁﬂ?é’hﬁb{-gﬁhgi():lrnfr{);&?]%tgﬁﬁ.()p of the scan lines 2 or the Iike.

Fig. 4C shows a process € video lines 5, the source

el ectrodes, t drain electrodes, .an he like by laying a | ayer of Al on -

top of the ga¢e§‘t’i N \a ﬁé)WWBanF Uafm@dersugn thepliest Febsirale barshdesgribeder e,

reference pungral 24 represents a residue |left as a result of faulty

et chi ng, “%&'drgfel'i@lcﬁd? Aé A 19 Higo4F.i nllig. SAshews hprdoess offoihing thegeinateshy t he

residue 24. Fig. 4D shows a process of laying the first protective film38

and t he--arsh glem duxilietye capiaviarfce| efe@rode e 3 Q? fo@irEah Gaydd Sof Mioanthtei%ggsll and
o] hol'e 21

the video line 5. Fig. 4E shows a process formng the contact

t sh d1t ' L&y s bl Gosd 10y
(not shosvbstrated! thRowWED By esxkpddurk arid ACRIAS s%égitg‘l gﬁfér ?{fﬂ@ﬂé\gsy tap‘gl'9¥so¥\‘?9f‘flﬂﬁalan

protective filnms 8 and 9, or the gate insul

et chi ng 8&:@Bn in Whidhihs i .chant used for etching the |
protect i \ﬁléa fiins 8 andscgﬁgglr? 5 %Oa?xag?%%a@%agry PR é:seleé’goaﬁﬁnefég o aet exig
formed o residues and 24 are left intact and exposed in the
-gr ooves. o gh.mJl?lt—k%g DS Wf%?@s@a%’fepﬁé?‘?tﬁ@ residycolsitiaga @é‘dbﬁgfqyltme@&ﬁlig/e
film9 d fgrgi n? the pixel electrode 6 in a predeterm ned shape by

per f or maﬁéé POSYF @ Papgsse ot Farping aa insylar semichinductarrieyer Shoichotvhpircirchrent
used for _renoving | ZO can al so renove Al, the residues 23 and 24 left in

t he groofewgite sate clecimedechy. layingrtbagate insutation &l grotemp of iHeedilihas 2 ddnd 9
SEP 2004 laid on top of the pixel electrode 6 and the second protective

filmo. e ddigdbstwsagnocdds 00 formitd e Rid@saHes 5IHEbirtleleafb@ddhs ga!
~ process for renoving : ,

: electrodes, and the like by laying a Jayer 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



the residues left in the grooves 22 is not required, because, during the

process for formng the pixel electrode 6, the residues |eft i'ﬂ gr%P
grooves are renoved. Although the exanpt Bt -described above is forvf m2%4
the scan lines 2 and the video lines 5 by using Al, a nmultilayer structure
using Al, My, or the like is also possible if conmpatibility in electrical
connection wwth 1ZO0is taken into account. Next, a second enbodi ment wil|l
be described with reference to the drawings. Fig. 5 is a plan view of the

first sutaigostap ofhe pixe] elestrode 6 asd thelseédndhrétefG SREbI Onal vi ew t aken
along line B-B" shown in Fig. 5. Here, this enbodinent is based on a TN

(twisted nenhs describsthenctirditiothoqhy ek tiﬁ@nﬁ nge.puperal 31 represents a
first substrate conprising a.gdttrangparnent g éﬁ’s&%@i&%ﬂif»@c&ﬁ fl%Héemﬁ“R% -and
ref er encehentedilingd 1eBAn/ B n line formed on the first substrate
31. The scan line 32 is for rre%l% %tarﬁﬂ'ﬁreéfﬁ’?‘iﬁ“é?’iqwgfth%ﬁmeSSifneﬁorﬁﬁl@re
laid pagd e ot her,. Reference nuneral 34 is a gate insulation
filmthat ill)s1 Flaél%@ﬁgtéﬁgw ’FF‘F*E?S%{TBE@%P@OW ap demivesds ¢ Adthougle thelkample
Ref er e.ncaesr&#ge%ag 35.r§§r sents video |lines formed on top of the gate

i nsul ati of TTrTM?39h{s Ui g Yie sdag lindse2 and the aidedl HnesPSTHERGHE UR, €O .
the scan |'[’1€S 32. At the intersections between the scan |inés 32°andl the
video || FBllarr S wing Ay Mel of BESLikGisvtMo- fosaibfe FWig Bgﬁﬂﬂegm}ﬁs t hat
are configured as described hereinafter. A gate el ectrode prottuaf 'éalfrom

each of etmaeeirwith 49 iS@késinteaxenMd by the gate insulation film 34 on
whi ch a sem conductor layer is laid so as to face the gate electrode. On

top of the sBlieki;aRetm rceqredi.on and a drain region are
: St 1 S S R by b i e

formed, and they are connected to a souf {

res pg;;;féﬁ Men \Avk{égﬁ of B @f‘saglél‘?_ : ?gﬁg?népé %&2@1@3'5&2@%& ﬁm&?ﬁeag he
o 1 U4 BB By RERUEIT B it habodowor 5o s R and
the nematic)-type liquid crystal.

Reference numeral 31 represents- a ﬁrsf 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



gate insulation film 34, and a pixel electrode 38 is forned in an area

surrounded by the scan lines 32 and the video lines 35 on tgﬁgg{%{?é}gmlf
protective film37. Reference nuger?! 37;315 eg;tefg?tesg)? SEI’LIepI-i oS el di ng
: . : . N _
light-shielding filmforned on the first s 8L The [lont- shield
i ts light fromleaking through betwee _ _
Ilhlam gi?)xglregfgct rodg 38 by being positioned between the vi fleotl [ 32 gg :gd
t he pixel, electrode 38 and along the edges of the pixel electro

obser ved Linesa» @refoamed aniddhe smrcseledtendellfis afshimd préﬂjﬁéihg %%él% viddd hliliegj' 5 5,
the light-shielding film33 is shown in the hatch [1nes. e

| i ght - shiRefetemgp fireraB37 irsprbnies chttec‘ﬂvegmg} ﬁaua{c '&8&%3@ fyl%&ﬁ, @ﬁgi 38304 g‘iapnes

[ tané

32 and forned in the same process as an 'S forted 1 h the pi e
cl octrode 58, Ani SUREYE 28 AR SRAGRICE indoBnedinsh aeniriounded byt soam ¢ he
el ectrode , and a _ _ ! @ soan Lhe

i t i tective film37. Reference n
P epr esentnos o ap shilloties 35, o pbEe RepieciroBim a7ec e fmencs e e
or of 60t i j i tment in a

i i subj ected to alignment trea

glr ?égf |t L)ﬁe%r(lfc%':l@ BSZFﬁBTSEQP%ﬂQ?%HS@JIC@@g film feuaml o desfide suﬂaﬁﬁﬁrﬁﬂcﬁﬁl@ l{@ﬁg' aﬁ é
represent,.a‘second substrate conprising a glass substrate or e

is pl ace%hsl?lﬁ@é filon B3 quevsintsh lightefrbmr Iakiny B0 Beilees YRS LIS i . %Ef nstant

; her. Reference nuneral 42 repr esents bl'ac I'Xes
S S K
the i ndi aridclehg Hie eloss o e 10 $FeclUlP 58 s Shodriefintm Be 5;%@%?%{@2&.?@@ ue
each pixel. The color fi l-ttr I tion.of the corresponding pixels. On the
color Tifer a5 ior 1 1t ' reftgfet Bluga snd-CPebovbaeimon er eharplc
cove o5 WA I ol ML g e i
al gggg%m;gﬁ@ggggﬁt@gﬁm%ﬁwﬁé Eqiﬂgi'ﬁiggzﬂ N fritigdove W0 he Alsrifi | S
subjected to (i.e. in parallel to the video |ines - . N

: ater 18 formed in the pixel electrode 38, and a se;cond 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)

colors 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



s3 5%nthi's enbodinent). ‘Aliquid crystal layer conprising li %ui d crystal
nol ecul és 46 having positive dielectric constant anisotropy i sa&@szyn d
between a pair of substrates 31 and 41.-W en®no electric field is presenf
bet ween t'he pi xel electrode 38 and the transparent el ectrode 44, the
liquid crystal nolecules 46 are twi sted by 90 and aligned horizontally by
being restricted by the alignnment. filns 40 and 45. \Wen an electric field
is present between the pixel electrode 38 .and the transparent el ectrode 44,

the | i quidedrodst4d isnmivered| s a Glignrmentifilal #51€dThe) aliffntR HiinCa4 isdéﬁb?%géd)ﬂ)
n Icn an

along the electric field. . Fig. 5 schematically shows the state |

el ectri c digah@ni Freft@lend it & Yiectisit ﬁ&%@ndi&ﬂmp&f(g'dlirg&ﬁg% ygﬁ@ﬁ?%gﬂt@ﬂ%bﬂ&

transparent- el ectrode 44. A first polarizér

he firsta d | ar i . JS 18] h id
of the scuBaeht Rirf 40 of G fird SERRRCH IWRISg Cppcamrallel o he visks limsar o

SO arra‘n-%%q t _thelir transm ssion axes are perpendicular to.each other.
At the sarne. Hﬁ%gmtbpﬁléne&hr ection of the transm ssion axis of the first

pol ari zer '47C§n& Athe alj ginma'nt direction of the alignment film40 are so
arranged to coiHeyidectyptah layarncemprising diquid reeystal estléanteso#6 t Revidg Posiivesi on,
axis of the second polarizer- 48 and the alignnent direction of the

al i gnmentdiqleqtyic genstans anigomopyeis gaativwiohaibetwestea pait bf Qiefaes BEand ¥HeNwig,
electric field is present, light that has been transmtted through the

first pohardletsc fidldiis préseanisdtiveétthe gt Ciirbhe 3k a0y sk frﬁﬁsfsﬁé%gtn L{?%(tg(aise‘r’%% ![ 2 q

~being twisted by 90 to the direction of anplitude, and I

t hr ough tie lige=o B sfaP sl - ar® i hgto . n_.an ectrjg field
i s present, 1Iai ghll?lq(tshatlﬁ(ﬂali‘éﬁ Segﬁ it ansgr%&{ ?’gd&? h?@%&?ﬁ'g{l%%;%f’f’m'ﬁbbl Ar PR 47
-17 0 9 : ' ' hr h e liquid.c t.al |ayer conprising
the 1i qui 5 ccr%%gté%rlﬁnag{ggg% e]tsihﬁ%"é f"ﬁ‘fg%'t ,_{'&‘ﬁﬂ apgij@tcffé?\ééadﬁk’@ae%@e%nst&ond

pol ari zef.. 48. X tructures of the first groove 39a and the second
gr oove 3515_{%&314‘\:]&'8@‘5 3355@5. %‘ch.ransl’arem electrode 44, the liquid crystal molecules 46 are

incliﬁed in the vertical direction along the electric field. Fig. 5 schematically shows the
state in which an eled:rip field is not present between the pixel electrode 38 and the
' trz.insparent 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



Resi dues |l eft as deep as bel ow the pixel electrode 38 as a result of

insufficient etching when the scan |lines 32 and the video Iineﬁ;gSSgpeg@4
etched, are also etched in the portions-1%2ft in the grooves 39a and 3

and renoved therefrom when the pixel electrodes 38 are etched. For this
reason, it is nore efficient if the grooves 39a and 39b are | ocated as

cl oser as possible to the scan line 32 and the video |ine 35. On t he ot her
hand, it | Zragétfg{;rigflmt tﬁgbé);)siti on the grooves 39a and 39b at an ] :
appropri df d thwug igeid érghtal Blpeebsthpieksihd i i hween the
video line 35 and the pixel el ectI?ode gB, anlglmsa %gﬁﬁﬁ?dtﬂéﬁi@%@&l&%‘ﬁr ode

38 and tﬁm:astgandisith‘@llﬁacl@ﬁHy@e%oﬂ&?ﬁfaﬁg%ml overlap with each other so as
to formthe -auxiliary capacitance. erefore, the grooves 39a and 39b are

formed, W thidexh@rRiny r ' as £l oser as possible to the
light-shielding film 3‘% %frtﬁ% gggts%g‘gvﬁ%ﬁea”giﬁe f9rand greqve 3P ovill beglesaibedhe

pi xel el s fornmed in a long and narrow shape along the

light-s ﬁ?@?ﬁ%‘eﬁ% %g%%asa‘?rnrei"‘f’ﬁ‘ge %ﬁlr?rf?qﬂi?é@ 382s agenyltiof infiufficdend etohirg when
plurality of piece Dividing the first groove 39 into a plurality of

pi eces pﬁl?\ﬁcaﬁl'ﬂss 984 e aden lines Jowatesetcheds areghisortilddl nhbe p6ifonslefPRr tion
and the edge portions of the pixel electrode 38 are electrically connected

to each Biergrpowss ImandiI mdtfermved XedrefRire GiHeAGRe 3Bl AR i LAgd, at
the sane potential. If the width of the first gr ogvé3 BQg@ﬂeg?gg&%egg?d.t he

restri ct Fonthiorason, 6k imte ¢BRiedt e thd &Ho@e&??a?é@& 358'5&?%%@@?% ‘IE@W&‘/‘V .

weakened. By contrast, if the width of "the groove
restri ct p@RiblO s theSichh 18% 044 b M IO S St Jrogve, 392
can be maintained. Each of the ?ﬁeecg@égé@%%\?%%ﬁwi qﬂ?rolﬂq’?édlti 1 dticalt da
cor r espogekidih ! A P TOPAIE Blee, bt Tkt ahicthes i oa
sor andogt%b arﬂe19 gfo%?@nse %a gﬁ%{?{l}ﬁépﬂgﬁg@p@ﬁ@ g?a(:grbeéf&@@ thelight-shieklingsiim 53 t he
scan i or the video.ine 35) 09 SEP 20044 -18 of the second groove
30b is E'%éf.ﬁ?ibsﬁ*@ “i%m\)éla%ﬂ ljnq 83 Rd the nixal cleeiodsr 38; iadé aghrttof eheapixeleleckhan  t he
outer sige edge (an edge |ocated closer to the scan line 32 or the video
- %@ I . . . . . .
line 35)3%mm scap e Y obihe adjacenBebalisecrtip with Sathwdies ab 25 &b bR ! P
residues left inside the grooves 39a : : -
auxiliary capacitance. 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 ﬁahtﬂned 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)



and 39b are reliably renoved at | east fromthe outer side edge-portion of
the second groove 39b. As a result, the first groove 39a of t 9p§£8LﬂMé
el ectrode 38 can be made narrower and .tjlge residues left in the grooves can
be reliably renoved. Next, a process of formng |ayers on the first
substrate 31 will be described with reference to Fig. 7Ato Fig. 7F. In
Fig. 7A, first, Al is laid on the first substrate 31 and, then, the scan
lines 32 (not shown) and the light-shielding filns 33 are forned through

pat t er ni AYtherdcaidgronge 89b hoplssitidRel SHRRAR (i&;}g,rfdgllthé?%%e?ﬁ%ﬁ&{éapge hle i due

|l eft due to insufficient etching and ext'ends from film
33 towar g Gitér Qe el B3S r t hough. val.t a I's. ngt applied to
the Iight-shi el di ng geat Bl I‘?%&tahﬂgg;eééu l?es"?rgqﬁ“&%%%gg? wifloB ding 330 W thei doo
line 35 gp4 gxel trode 38,.it |s pqssible that the video line 35,
and the pi xg’%&gfggfér o%‘géa%e %‘f‘gﬂs‘ﬁ’gﬁlﬁkﬁe BP%%EB redesstieft insideviby gwbves39a

resi due éln9 ny Figl. 7B, thg gate insulation film34 is laid on the first
subst r at e%i, i &eliably ramayed 3 leastdfroms wesnenyter sider edgenymrtiorgbe the Recndighshvki | M
33. Then, ,after a sem conductor |layer is laid on top of the gate

i nsul at i 91 f iAS spultathe fast groovel 38 ofsthe gisich slet@6deSIRBLbSHANS RAMNCS Qng! aYer

I s cropped out through etching process at a place facing the gate

el ectrocﬂ;@l@SﬁﬂﬂéS@pﬁiﬁBhegrop@égéa@rbeir@ﬁw%m}eh_e TFT 36 and the scan |line 32
do not exist is shown in sectional view and, therefore, the scan |line 32

and the sem NegxduchBEesk : Rig. 7€ A is laid on |ope
of the gate ieﬁgulcﬁatieosn f?ﬁ%ﬁglg,lggér{a%?ﬁﬂé\‘@vﬁﬂa{e]%uqsﬂﬁtg gs“ﬁ be fleswribed resitler ence
nuner al B estdug Left ,due to insufficient etching and

Ot onds Plererct 8 #5¢ WO PRIC TR fo kgl 7A Nt f1 s on ghy: st exbsteate 30i aod)

el ectro Fig.,7F n FLg. 7D, the protective film37 is laid on the
vi deo | iqﬁ%régg‘,g S#"%’r 1’%%§)a??p (ot %gwah andh dhey Hahicshielding dilms ¥ idenforted Rirgugh’ E,
contact 0.9 SEP 2004 -19 holes (not shown), the second grooves 39b, and the
li ke ar Mg eishingemethain e Reftravess numenal BD grepréfents QQeﬁﬂﬁ%eieﬂeﬁtﬂecfor ode

38 is forned by laying 1ZO on top of the protective film37. In this step,
al t hougPnsuificient etching aroleserRBdroi tidbgtpiskRldifd Gfh 3846wads %ﬁoﬂdﬁ% r9ismed by
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



etching, the residues 49 and 50 left in the grooves 39a and Sab &e at the
same tine, also etched and renoved, because Al can be etched 8y3 dfifh@lihe
etchant that is used for 1ZO  ConsequentlBy, the residues 49 | ocated bel ow
the pi xel electrode 38 are disconnected from the light-shielding film 33,
and the residues 50 | ocated bel ow the pixel electrode 38 are disconnected
fromthe video line 35. As described, since the grooves 39a and 39b are
formed i nhgln gj;;a i nner side of the light-shielding film 33, the residues
ext endi ngheles (net shovietheseddnd groosek 30besid g L peoppect ed
reliably fromeach wiring |i ne? whi ch contri glé?grgqta%nﬁ?t t%‘fcrlﬁ ng e;aqi?cﬁﬁ

di spl a izl VY, thépidehel Y ' o formthe . '
| i gﬁt - Zgl %eul.j?igng fil ﬁ] 33 gﬁ%&% iskfgf,:ﬁ Feicéa%g%?é?egﬁ&%eggeﬁgzgh? @?Ei%\r e
arranged johigas e i ght - shi i n ilm33. In

first gandlnseco% ’eﬁgigggﬁ rrgl}\etsggs(%tﬁ%%m}sets ﬁ?@t r'as H‘W‘i\ﬂﬂ‘?cé‘%d@ﬁ@oﬁéﬁlspofonn&rbyi ng

resi dues med.within I xel, area are described. These grooves al so
work ef f eég'%lﬁnv%ﬁ © ‘-"Sf‘illm'teﬁggb/ a&&ﬁf%ﬁ%dh%&%@ﬁ% a1cdh3PH ameat the same ainRaalso
out si de of liﬁﬂea,nﬁi xel area. Next, a structure in which grooves are arranged
in bet wediChifranddenored; brrause Al ehmshsr etbleall bi-esiag the tlohim wAIOIAER; 18D | e

described with reference to the drawings. Fig. 8 is an enlarged plan view

of a firstonsequentintthe oesidues b lacaed bblodr 88 pisel fciede 3Fiatk di%f;drﬁl from
enl arged plan view of perineters of the pixel area shown in Fig. 3.

Ref er enceéhalight-shiicldidg fl0088SAYM thedrelidiad 56 YOS PESWNLS ?’P‘!ﬁ‘i efl N T{{% cr{1 S %}%at i ng

and transparent substrate such as a gl ass substrate of | i s

first subidcombeRiciFom HcANded 1 102 made of a conductive material such as
Al are laid parall e_Imto an%i“é‘?;ﬁ%sUbstantial |y [ Amended Sheet (PCT Article
34)] -20- . : 04 constant jntervals fromone another. Agate
i nsul ation fi Smgﬁsggﬁ%d?gméiﬁ%‘i%%“’f’?’?ssé&as Foatre formedsingn arereinensid iofids 2.
Video 1ine ¢ O?ldlf orJred. of such a conductive naterial as Al are

[Ent-shiclding 33, the residues extending as far as below the pixel elecirode 38 can be -

disconnected reliably from 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)]



arranged on the gate insulation film A pixel area 104 (shown in the hatch
lines in Fig. 8) conprises-a plurality of pixels. The scan Ilnqulggpazm4
the' video lines 103 are laid so as to i jgerséct with each othe
orthogonal Iy, ‘and a regi on-. surrounded by the scan lines 102 and t he vi deo
lines 103 corresponds to a single. pixel. For each pixel, a TFT 105 as a
switching el enment is provided at an intersection between the scan line 102
and the viideo line 103. A pixel electrode 106 conprising such a

t 8hiiG I d.o fil
an 1 nsul Sﬁ"ﬁg Piniert a‘?é%*o%‘?raéaﬁhﬁér%% i loR 1 bl B b Tl

drain el egl, P of %’FT 5 he pi xel electrode 106 are connected

t oget her F“"’c‘é ‘P Gé‘?f’ nfosBEd 108 Ech @7canduetives mterinkds Whraveigh
the protective film Here - the pi er area 104 al so includes such pixels as
so-cal | ed ‘Hlt)bélgﬁte\mﬂ&ﬁl@rfélﬂnot actual |y used for displaying purpose. -

Her ei nabove, although the structure of the .pixel area has been briefly

described, t heA pisebhrearléd (showibin fherhan lifes S8 81h, B) ShEted Lol fs 1St
and the second enbodi nents. Scan | ead- out I|neis:g 130 glgd Vi deo %lltaafgl%fﬂs' .

| i nes. 130 Thetsead 1fneo Mok rﬁ?ldsﬁlénwhé{f‘ﬁﬁesl(i’& 148 %o Vds mteggec% é!ggﬁle %Oa er

driving circuit (not shown) and are forned respective

thereof | @rdfgdfafl | reg 104. The cifeuit is for
feeding si gnal S ?ofﬁ&%%e% t n%‘“?‘?mdﬁ%%‘?:-an %SSQFHrIBI?thHZn ‘Eg%"!qeﬂe’éﬂem@?*and
t he vi deo Ie to us a single driving circuit
arranged or&g8 ‘I]3 ?al |f19g18fp1 ‘Cé)l OF fach pixe :aﬁdTva-BgQSt#ea syitghimgselementuizh
all of the_sc | ines 102, is also possible to use a plurality of
driving B’f"r"&??ﬁt%t %lﬂt?féﬁ‘é‘alpﬁd’%wgwaﬂ@ scan tine Kok thesddep lined93 102, pixel

Al though, in this enbodi ment, the scan lines 102 and the scan | ead- out

| i nes: 120°lgtE0deo} Heermprisig avdhyg traBspagend eBEROADAH IZO ik Arrahd dH05 HritbivkO
formthem separately by using different conductive materials and connect

t hem t ogefilme cotiprising rancinedhting film ahitcd&e®-the video lines 103 and the TFTs 105. A
drain e[ectrode of the TFT 105 and the pixel electrode 106 are connected together
electncally by way of a contact hole 107 that is formed through the protective film. Here,
the plxel 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 area 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,



In this enbodinment, a plurality of driving circuits are used for the video
lines 103; and the video |ead-out lines 130 extending fromthe ip iSEpum[M
video lines 103 are so arranged to convdrge on the correspondi ng 8riving
circuit. For this reason, gaps between adjacent video |ead-out lines 130
are made smaller. Moreover, the larger the liquid crystal display device
becones in size, the nore seri-ously the resistance of wiring that is forned
on the substrate natters. Because of this reason, in addition to using, as
a wi ring Tt 815P dlossiple tonfirghthiem keparatelyr ke nsing ndifferehh Soiiudhive %at{:j;}fbgs d "
| ead-out |ines are made as wi de as possible. However, if the wdt 8?, for
exanpl e, comaecythgavtopether thtdughichRerickBlodsi®s.made W der, gaps |ying between
t he adjacent video | ead-out lines 130 becone smaller. Furthernore, a
snal | er pi xellnshizem@duhéRds | 2 i r ution of the |jquid crystal
di spl ay device, regardl eslg’ %fﬂlﬁﬁgﬁs&z{ggﬁ@ fﬁé‘ﬁ#’l ﬁﬁiuﬁe‘gf‘ifs'gﬁlw‘%ﬁoslﬂféﬂo\éevi ce
itself, 5 Vi tween. the video | ead-out lines 130 snaller.
Ther ef or gﬁd(??c ?@ﬁ?‘gﬁ‘??h&@% t1)$ ef‘-fr‘&{im& g‘ﬁ‘ar‘gﬁ indivadyal videoclines el 3beateveen
t he adj a&&%& éi deo Iead-oglithDI ines 130 by a residue left during the etching
process. “Howsvdf COTYFTEhan dimertresaending diiviagicinguitt i Bor, thireasons gdReniéd
provided i.n the  protective filmlaid on the video |ead-out |ines 130 and
at a pl ad¥asrEkvidee dsadrautt limpe13Qane anars shtsflbr. pc’MSreb{’érP&Bha%@f thé T@{lidycr?\}taﬂ east
the pr o;{g{ctliﬁv?1 fi Ignthat is laid on the video |[|ead-out ['ines 130.
Provi di ngjsplag dgvicobesnin &b sivais miore fRakIR! : - I ER] ichis
ot herwi se covered by the protective film gr‘%‘e ﬁs%ﬁefmggﬁ%‘ﬁgf‘{“\gﬁ%mt
bet ween the sebsidicmendrs.vi B i-n l.ai.d. an the,gate insul ation
Bt EOEOR eaioh fitecliibn B udoss R macBah AV doo

film Accordingly, even if a residue ekxists In

| ead- outwhicR9S iI&P9n ¢ a ci-rcui t therebetween, it is possible to
renove the residue through Fﬁ?’é@%g&é‘iﬂ {ohas hﬂesp‘?ré\}@?ﬂe hwidy & ISEFIbRO04
-22 shor i i . per f.opm n t ching process after formng the

gr ooves }g%‘g%{eﬂ#tethégéqﬁgﬁ ol foﬁ @F%ngeaglee‘%ﬁﬁhlqﬁléﬂmhbmﬂ 13hareunatleowlden Gapsit

i nes 13]0. i S %gl i ed tag the scan | ead-out lines

. ying“between the adjacent video lead-out lines 130 become smaller. Furthermore, a

- smaller pixel size resulted from a higher resolution of the liquid crystal display déﬁée,
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



120, and, therefore, simlar grooves 108a penetrating through t%

protective filmand the gate insulation filmare forned next t 9h§EBC§]ﬂ4

| ead-out lines 120. Fig. 10 is an enl argd pl an view of the video | ead-out

lines 130 surrounding termnals 131. The termnals 131 are forned on the

first substrate 101. The termnals 131 are provided for the individual

vi deo | ead-out lines 130 and forned on the protective filmlaid on the

video | ead-out lines 130 by using, for exanple, 1ZO an identi caI

conduct i ¥BoThgireyit hy pexfhintingian etcténp procedshetepiotalin dgh%cérbé’ﬂ% ﬁ ﬂﬂg%: sarre
e i nes.

time, the termnals 131 are connectedtothe vi deo |ead- out

way of cetmictote d3ekphiretd abosR¥RIdeb aid- &ft‘ﬁn (ﬂg q{)élltﬂédgtgﬁ_@? %Fgg ! ﬂlrdg(i[}lie ltgés\é(rae

Arm Therefore, the video | ead-out |ines
connect ed2@| gt &he@@ﬁ)}-é/ il r aI s,131 as
connection met tis os% g{es {lﬁ gn?ﬁqg’@n%% otﬁetpﬁ‘ﬂéc%‘@cmnhgnd the

so-cal | e ) or TCP pe Carrier Package) that is
produced J%Pf%hq}]g}%{ E %Z??Q'OUA linenk20. ¢ Bondi ng) - type.

Al t hough the_ v qgo | ead- out Ilnes 130 are connected to the driving
circuits by W 108 ah preps Dl Gew of tharvidés padnbiokiteyH 30 suirburiding@defiRinals
possi bl e, for_ exanple, to formthe driving circuits dlrectly on the first
subst r at 810 Thenteroimlretd] e forvicdean Iﬂwﬁrﬂbmbbtkaﬁ@sl(ﬁ:’@h@'té 159 4be
driving circuits. Furthernore, since the video |ead-out nes 0"are so -

g dorgthe 1
formed tprow gthe tindigiddal ¢ibeo le@@foh?ﬁﬁ&”ﬂo%ddfok%é&‘ gn?ﬁ aél%k) ISFV ngﬁlg lﬂlq_ 30

plurality of driving circuits (not shown), the vi

i N | y | 130 to b
vary in érefhgtvideo lead-&htsim%ﬂ%'bﬂg fop Ex ﬁgﬁg I]](gengxcﬂ:cgg 1|1qt1tv9 m?er@\le i vi ng ‘

connected to the correspondlng ing clrc
circuit SyRikR isf that the central video |ead-out line 130
is the shortelg &EH?Q t Y i’ﬂ&? e?e%% 13) t e bF fementimg; o tarminlodsl larme 130

i's Iocat gde e length thereof 0O 9 SEP 2004 -23 becones. As a
result, the resf0 ‘? cagrqut dinep 130 by wev of alontact helebyndti shewayrdng atde

vi deo Ilnes 130. However, the video |ead-out line 130 is conposed
of a vm %ﬁlﬁl{IP the protective films. Therefore, the video Iead-out lines 130 and the

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
QIass) 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 Iead-out line 130 is located, the longer the length thereéf



132 and a narrower portion 133; the ratio between the w der portion 132 and

the narrower portion 133 for each video |ead-out line 130 is n@@eSEﬁ 2004

different; and the ratio of the narrowerp3z_portion 133 increases as the

| ocation of the video | ead-out Iine 130 shifts fromthe side towards the

center. As a result of this, it is possible to nake a resistance val ue of

each video lead-out line 130 equal to one another. In other words, the

vi deo Ie%d-out line 130 is nmde up of the wi der portion 132 and the ‘

nar r ower bpesmdson Ak3Bresaldtht Residtate 5S¢ SFESe d .der portion 132 iS
e R A U T

smal l er and the resistance value of the narr

t he saneldadromit libec e HAS t 1 e W.her portio 32 and the
narrower portion 133 is na%‘reeﬁ(fi.ﬂ??’ie%{ra&e)\rll}?a]%éﬂggc v'isd’E?BlpP wider pertiowo, i t
i's possibpie ' r.esi stance val ue for_each video | ead-out |ine
130. Mor eovglrr“,Pal |qg{|’&§%‘§lj§/}§?&§§i @G%%W‘E‘f‘?@’élﬂﬁeméﬁom 32rapd theibarovedre 101
and a Seﬁ@r%g) lﬁ straﬁgﬁ?ngt shown), and the two substrates are bonded

t oget her P BOPi g?frﬁaﬁ g eead-oy lingd30iimmade differant; dndrthe enidi oThd herdwie
substrates i s agp_l ied to a border line 134 indicated by alternate |ong and

é

short daBHEA 13AdBcTeaseriag. tha ocatibh of ithawideoHead-par ife 230 khigis\VEGEd 6ad- out
lines 130, i.e., portions |ocated outside of the border |ine 134q?towards

the i detowfrdsitbe cemteni mod & résilg of ) it BpoREBRSBInLIR: § B SINE QNI e e
|

the second substrate is such that has a’l ayer of a color

cor r espovideo kead-ohelind 159 eqhi o thelahbibr. S e 101. The ooves 108b that
are formed next to the vfi:qdﬁeo Ihtglae -é%{er'l :‘iﬁ?éﬂe?%v(?r #ef"a&‘ﬁ’e]&g‘iﬁu‘fégmt]éoé&tend
his means that, when the first substrate

as far afadug SEmP UGS ol 1755 '
101 and e L SR pobdF 132t g hRmtetgutinbn 33.300 thp Doitioca odbe of o
f or med taiped,within an area in which the grooves 108b are not
exposed to the e ; ; r ¢ YHee g BaT aatién 033 ig or me
o 1o "I 1P diaanemallfigend e mpsace value of o naraas § or med
in an area exposed to the environment. Since the driving 0 9 SEP 2004 -24
ci rcui t SUBFE Atnﬁﬁeﬁ?é@f‘alﬂ,mq; drsaesecthe biptinalyetweert ke tedari partisn 113D, aii ehed
cl ear ance bet ween t he .dri ving circuits and the second substrate is covered
by resi ﬁagpwphgqntlpnel,ﬁevemadefdlﬁbﬁngf&%&eﬁ 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), and the two substrates are bonded together. During this process, a
sealing material for bonding the two subsirates 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



108b are exposed to the environnent, the grooves 108b will be finally cut
off fromthe open air. This does not necessarily nean that the(d &hReglipsb
are not exposed to the open air before-24e clearance between the driving
circuits and the second substrate is covered by resin or the |ike.
Therefore, it is possible that the cut surface of the residue produced when
the grooves 108b are formed will be exposed to the open air and that
corrosion of the video |lead-out lines 130 will develop through the cut
surface. dguiares al genéfal,@anectédbe way 0f SheSteARBAISMAN Usnd £ 8RaShee &?‘5’ t hi s
reason, Al is often used in order to reduce the resistance IHh WTT fn a

| ar ge- si debviigutolit i U sl Yl E5ver PO @ or B S RES B Qe L0

corrosion than C. Because of this reason, £ EEWOVERe

video |l e i | rosion that wll_ otherw se devel op

t hr ough & ﬁg@g{ﬁé B%Pa*éig%?ﬂ@#@eeniﬁ%%{ooms mgﬁémgrbsé@éﬂymmﬁ from the oper

W thin ag;.ar eg. t aet i1 [ not,. be exposed to the environnment when the first

subst rat e 101 Srd°t At LAt san thet thegreotrs H@SH aronettaxposedito thllpein 290,

t he narr%\%r ﬂfe:tion 133 is arranged towards the side of the termnals 131
so t hat It S elRiAnGsobeteen tisgdtising arimeits and shedsechfi® sishaar is'do@@teé%é' I'n

h

this structure, the narrower portion 133, wth which gaps between t

adj acent Tesinderghe bkiel- olherefore)éisis baEsible ehareiseruk 8hBRE o ki .0 Aar ea
where the grooves 108b do not exist. As a result, 0t he %%ggggfé’?{\i‘fee r?”l? e

adj acent thei glemves 488b atél folhe® $vill 30 eﬁﬁ&emﬂlem-]?gﬁ Eirtaag rﬁbﬂ& ggvésgglg of 'Iili’g tv\fg;gc h

the wider portion 132 is forned in an area where t i st,
whi ch  epgadouphingg r186 ' rt circuit. Simlar structure is
applicable to the scaﬁ&ﬁ?rﬁlgg&%;m%gﬁ R JYRtRe JRdgsmeralnAL lae 3 lavere t he
vi deo | - N 130 that .extend towards the side of the driving

ci rcui tgl,% S%%i&e {é;%l{sigﬁ}aﬁg&vi EB’(')&W W@gonl@g}s phiersesied in axles to mdnethie resisthee

direction opposite thereto towards 0 9 SEP 2004 -25 outside of the pixel
Rt i & dares

area 104™a cHeedligyidnerystel displalyi dayige. elContratys Alois SBoreaprogsl to Shor t

rings for preventing an electrostatic discharge damage from occurring. In
this castorrosion than Cr. Because of this reason, it is possible to protect the video Iead-out 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



in order to prevent short circuits from being caused by the residue_ after
etching, in addition to arranging the grooves 108b on the si deﬂmﬁnesﬁftmlt
video | ead-out lines 130 are arranged, i25-is also possible to arrange the
grooves 108b next to the video lines 103 that extend to the other side and
outside the pixel area. Next, a process of formng |ayers shown as a cross
section along line CGC show in Fig. 8 will be described with reference
to Fig. 11. In Fig. Il1A A is laid on the first substrate 101 which is a

subst r at eutsidgbitte ixeltane 104and 28EohREISEE) “}ag%i“ Rflinddr %?e?:leﬁsopg%?@fg&r med

t hrough an exposure and etching process. Referénce nufrera ts a-

resi due phoduird fas I £ Vae Lng. lt.is also.shown that the
adj acent scan | ead-p%ﬁ%&ﬁgrla%s&%%%@%#@ﬁéﬁéﬁg 2‘%?18%? fiof: pesymiing, Ipyhisigase,
resi due ' I B, a gate .insul ati film2109 is laid on the first
subst r at é& %Bdf kgongfetgﬁlclat % érattr?im\n OB e ?i’é‘ée‘ggbﬂle'lfﬁ%ﬁ‘}e after etghing: dw addition ayer
is laid I t he.gate insul ih on film 109, and an insul ar shaped

seni condu%%?ngng%/ Eoes é)b/\ﬁ) thesidsy whyre theodidedleadvotlimg 180dré ataRed dt a
pl ace facing the,qate electrode. In Fig. 11 C, Al layer is fornmed on the
gat e i nsi 269 pAssibie fe ausngeahd erdvevey il G80 nbead-thelvidebiligs 1@§Qhatte§%nagwtﬁ§

el ectrode, the drain electrode (not shown), and the |ike are forne

t hr ough - ethsoside andinutsidt ¢l pigel aRef er ence nuneral 113 represents a residue
left as a result of faulty etching, and the adjacent video |ead-out |ines

130 are Shor Neropobal of SRIPmEN GbR BLIEIAG abi Bgo B 3

protective film 110 conprising an I nsulating mate

t he gat eFjonguiAf i ' the video |egd-qut_ lines 130. In Fig. |
|E, a contg;ct h!):bgrh(e%%xtﬂggﬁ\;\%h?éggenf%tt%'a{l'aiﬂrr‘g&el’e%nﬁhéﬂlqﬂ Qodhe firgsugh 0
9 SEP ZXQJKBS&%% toge Iﬁr tective film 110 or the gate insulation film 109 by
per form hg an AR Bt b Suaslrate of glassoor the diker anskthe scath agronoliess 1Barear e

f or med n{ext éo t he scan | ead-out |ines 120 and the
ormed through an exposure and etching process. Reference numeral 112 represents a

residue produced as a result of faulty etching. It is also shown that the adjacent scan lead-
out lines 120 are short-circuited together by the residu.e‘ 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



grooves 108b are forned next to the video | ead-out |ines 130 respectively.
I'n doing. so, because the residues 112 and 113 which are nade of} PN SkRR004
not be etched during the etching proces® for the protective film 110, the
residues 112 and 113 are left intact and exposed in the grooves. In other
wor ds, these grooves 108a and 108b penetrate through at |east the
protective film 110 and the gate insulation film 109 which are laid on or
over the scan lead- out lines 120 and the video | ead-out lines 130, and are

pur posed thoprotegiosifilm 11eor Rl ghite snsulsdidn Al 10Bh Erff)ﬁﬂi'ﬁgtaﬁ i by
film2110 or the gate insulation film 109. At houfg)#, as hoﬁ?n | né ﬁlg&é:bg/sll E,

_ - : : ! wh
o ot e Bl (0 byt SN LR A .

resi due 113 does not exi ST, 0SSl orm

to penetr, th otecgtive.filmi1ll devj sj ng_an ,

appr opr i te&‘e??(r:ih?tﬁg} éﬁé{?ﬁ%@_ncﬁtcﬁ@&w “q ié,adf’? lpea%/g}&}/?P‘Fc&Vﬁ’é(d &h deing. so,
protectiye film11Q, a th | Xxel .electrodes 106 and the termnals 131
(not s ho&’/ﬁ‘}a"ﬁ‘? gj‘eerSr’ﬂ%"&qﬂ% aﬁ‘sé&f’@‘% He gradp apAl cansrqidetetahed dutiyg thexeprhing e

and etching. During this process, because the etchant used for renoving |ZO
can al s8T9°6%f0iPe the protastive Slmdil@stheTesidws M23mH 6B are ldfhintgt aay egpokétBa and
108b are also renoved. Thereafter, an alignnment film (not shown) is laid

on top othet groopisxelln ettee wopdis thés@Gorécral 1989WAY lﬁwpéﬁ@ra%ﬂuhgfg%li %f?ejtsmﬂsy 110.

In general, it is difficult to etch & and 1ZO sinultaneou

conbi nat pfifiedtive EnUAD|Md Wseghte HRNRYBH ARG cﬂreqéﬁgoolﬁlgq(?éﬁglfn fhg I%Fqﬁtgﬁ%ﬂe d by

the sanme etchant, it is possSible, wthout taking a g an
extra pprRAcESRS. ' and 113 b rmng.the scan

| ead- out BI i nes lizggangtr}ggtvﬁegg léﬁ%oﬁégégéﬁ“& E}rﬁggrpfé?jfgye&gﬁ%%g e regidugs
formn | &l electrode 106 by usj | ZO. . As described, according to
the pr gslﬁmﬁn@n‘ﬂ%&wﬂ fhte Rretegisye %ZL@%& the gate insulgiipa fm M. c Aldwuglyrascess

for renovi r‘l»gll ) rggé‘dues |l eft in the grooves 108a and- 108b, because the
resi duesSh® éﬁgz the gropyes 4A%b areFonaed trethe eatovieshlation filgn 10 wheachss of

formng the pixel electrode 106. O course, w thout departing fromthe
spirit ofesisupgé3 dbes het axistemtis pogsitde heforhyme%r@tfves 108b so as to penetrate only
through the protective film 110 by deﬁsing an approp.ria.te 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



enbodi nents than those defined hereinbefore are al so possible. For. exanple,
in the enbodinents, although the scan |ines and the video IineilargEPgEWéd
of Al, and the pixel electrode is formeg-of |1Z0O, other conbinations of
materials can be used for the pixel electrode, the scan |ines, and the
video lines as long as they can be etched all at the sanme tine. Although

t he exanpl e descri bed above is for formng the scan Iines 102 and the

video lines 103 by using Al, a nmultilayer structure of Al, My, or the like

“is al so pEBEhdIE ddn beGeMRAd Bk the pPocBbSRtbiAR Bt | ZO s

taken into account. Furthernore, 1t is not necéssary to renove the
residues fro r ti.ne, when th i.xel . electrode i
formed. For gfaérar)%f%f wg‘?‘h%a’;*%@ Iﬁogf@(l:et TSR ¥0p% PRER 1BYentonngiherpes ofen
the residues. Wil be renoved by.another etching process _after etching I TO
If the sE‘Eﬁoﬁi'E!f&is Hup @P%Qeﬁﬁéﬁ'&% Borg g s RASSle. | Fofesxemmie.aite théor o
by using different materials from each other, it is also possible to

renpove t abpdimenise slthonghabe span lieest andrithe yideopineataze Earuteilrg Alp and dresgizel
Mor eover, al though the MVA type and the TN type have been described in the

enbodi neelestrodehis formedtdfdiZO, sothérs combiphiicsbéematerialshein by peed fordesiikéal |
applicability According to one aspect of the present invention, the grooves

are for meldctrailel (R schth WnB& tand &k videb anes Q@ldﬂg% ﬁES?cﬁpBé‘Sﬁgédo%ﬂil g{eﬁle! sajgs or

in the pixel el ectrode close to the edges theredf I nstea ormng the

eoul t1 niop e Rih, M lanFhE akichbEs 3Bhva BpE iERa i s BRPHET B B o e”

resulting fromt nes or eing e are
removed 0 e groqyes. cordingly, it . is possible tq renmoyve .
r esi dues%?‘\)l\?lﬁﬁs {Qﬁt g’éB‘%W %sa ulclﬁ%f’rl Sflk‘gt”%/er ‘bttn}q’ H\zo,gqr(}gﬁz,gke Erlsqpessibln if
short circuit _that will be otherwise -28 0 9 SEP 2004 caused between the
r esi duesCHRRAUBEIME An [elgslical gomnpection prith I dy takee dntp aeouns. nRutthesmoteaitge t hat
it overlaps with the video line or the light-shielding filmis forned
bet ween Rdfengsessety toetepmive dlie residhes Heomvithie grdovae at the same time when the pixel
| electrode is formed. For example, if the pixel electrode is formed by ﬁsing ITO, then the

residues will be removed by another etching 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



Furthernore, by formng the scan lines and the video lines by using At and
formng the pixel electrode by using 1Z0, it becones possi bl ejty SRR 2004
each netal with the same etchant and si2gdify the manufacturing process.
Moreover, the grooves are formed 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 posaised etveenrhymisiduss aibstheclinesléven i R pgil REcRSISR mh1agd IQ'EE- gn

t he adjacent |ead-out |ines. Furthernore, even'in case the gaps |yFng

bet ween tthgverldba Ut d | iy e S l.er . .as a result. a
ri sk of a shor gﬁ?&:lﬂl f%gieei%ngnéelg?ggﬁ ?lgﬁlggﬁgg%n\%e@%tlﬁgoﬁgﬁ%ag%m%? é@%m’%’bt
l'ines be Sd Y Ev-i?gq-nreesi dues can be renoved. Consequently, it is
possi bl e to produce et

I'quid crystal display devices of |arger sizes,

smal | er si Zeﬁgﬁﬁr hi ?hgé resolutions. In addition, since a work by which
short - ci r cui IF o fosming, they seam liges and thesvidgodlinasdiyowsing Aliandfprmingepai r
process is not required as an extra work, it is possible to shorten and

si npl i f ytherrixeleplaetrodsr by wsing dZE), it hevomias, passiblec® etoh teachAmeti Swith Bedsanidhe
liquid crystal display device of the present invention has the

aforenentﬁ:hmﬂdndtdﬁxqﬂtfygl&sm&mfaﬁ&ﬂu@&&éﬁd not only for portable termnals
and television nonitors, but also for various types of appliances that

require a di MurdyverQhd grbdves ¥Rt nelt t%gi\%.' lhﬁﬁnﬁhﬂg‘s kil g}i(t?%f ﬁéﬁ%ﬁﬁé a&l‘ns play

device conprising: a pair of substrates having l'rquid crys .
of the- s et ang steifs (O MESRLILRPER sia dnd Bidess P S Rioeadod Btios:
' 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.



a plurality of video lines connected to the switching elenents and laid
substantially parallel to one another; a plurality of scan |ines cogﬁggﬁﬁg
to the switching elenents and | aid perpendicular to the video G e :

gate insulation filminterposed between the video |lines and the scan |ines;
a protective filminterposed between the video |ines and the pixel

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

pi xel el ectrodes, and a groove is formed between the two adjacent video
lines so as to penetrate through the protecplve filmand the gate
insulation film 2. Aliquid crystal di29pl & device as claimed in claim1,
wherein, as seen froma direction nornmal to the substrates, the groove is
formed along the video Iines except in an area where the scan |ines are
laid. 3. Adpiagyid crystal display device as clainmed in claim1, wherein the
video lines and the pixel electrodes are formed by using such materials
that can bé. r enaMimid drystalndisglenddvi@l cogipgidimpt - 4. A liquid crystal display
device as clained in _claiml1l, wherein the scan lines and the video |ines
are forned of AfpaiaAtsubsEates hasingdliquid erystakscaled thasehebteent |1 ZO (1 ndi um Zi nc

Oxide). Q9 SEP.: - A lTquid crystal .displa vice conpri sing:
a pair of subst?%tggéle%tgo\%;e%&g F‘légfﬁli 4 aﬁ&??ﬁéﬁ%i"%ﬂ HEroé%eC&&E%ﬁ&sﬁf‘tggl

el ectrodes arr angiethingelemmt tontrebiel & the piRt bRA:QRsone of the substrates;
swi tching el ements connected to the pixel electrodes; a plurality of video

| i nes connect ed? tdutehly ofi Yiden rlipee| connented 4mdtht awitching elements and laid
substantially 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).



substantially parallel to one another; a plurality of scan |lines connected
to the swtching elenents and laid perpendicular to the video IﬁpgsSEPqﬁug
protective filminterposed between the video |ines and the pixel

el ectrodes, 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 filmat a place corresponding to the first
groove. 6. Aliquid crystal display device as clainmed in claim5, wherein a
light-shielding filmis arranged on said ong of the substrates so as to be
positi oned between the video |lines andmrhé’pixel el ectrodes and in an

i dentical plane as the scan lines, and the first groove and the second
groove are positioned closer to a center of a pixel than the

|'i ght - shi elsli ng £ tihiM chystahdlshBYiddvies ¥shadksti-spl ay device as clained in
claim5, wherein ahgatérinsupa?idﬁ f??éﬁ?s'interposed bet ween the video

lines and the scamildfigelbsiratesdaving ligeidenybtal gesdaMberebetoeai;i nuously formed in

the gate insulation fi at a place corresponding to the second groove
that is formed iPRY ﬁLech@qse@fW%f {7 phnatgx-like - fprmatigncon eneapf tiespbsisatagavi ce

as clainmed in Clsgihing MR dnhdedI6 AL Jik 8T ARGks; L he_video |ines are
s

formed of Al, and the pixel electrode re forned of 1ZO (Indium Zinc
Oxide). 0 9 SEPa2pbdalit@lef @ided BnesActirguicd ©r Mgt alvitchiag! AymERYiHA laid

conpri si ng: i . of bstrates having liquid crystal seal ed therebetween;
pi xel el ect® Eﬁzg’gilagypaarﬁgédopﬂe oy i x-[i ke formation in a pixel area on one

of the substrahegjurality of scan lines connected to the switching elements and laid
perpendicular to the video 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).



switching el enments connected to the pixel electrodes; a plurality of video

| i nes connected to the switching elenents and | aid substantiallyﬂﬁﬁggpl?mM
to one another; a plurality of scan lines connected to the sw tching

el enments and laid perpendicular to the video lines; a gate insulation film
i nterposed between the scan lines and the video lines; and a protective
filminterposed between the video lines and the pixel electrodes, wherein
scan | ead-out |ines extending continuously fromthe scan lines to an area
outside the pixel area are forned as an identical |ayer as the scan lines,
vi deo | ead-out |ines extending continuekislY % romthe video lines to an area
outside the pixel area are forned as an identical |ayer as the video |lines,
and at least for the video | ead-out lines, a groove is fornmed between the

adj acent \gvdeoAg@gdg%tal jii@@%y?@vi@é?ﬁ?pr%%%”ate through the gate
ectrve film :

insulation filmand thé pro A liquid crystal display

devi ce as cl ai megairnf shlaimted havihg tigiid ceaedh s@lcdttheebd@ten; | ead- out |ines and
the video | ead-out lines has a wider portion and a narrower portion
thereof, a rati &H5LEIRELEGsles pangeddn apentiix-dike mmationinrpixdiesa goomeiafthe s nade
different dfg@meone another anong the scan | ead-out lines or the video

| ead-out lines so that each of the scan lead-out lines or each of the

vi deo | ead- out bwitdsnhelsmsniosbamdcied|th ynedfixellcRbefibdegal W ring resistance. 0 9
SEP 2004 -32-0 o 11. A liquid crystal di sgl ay device as clainmed in claim9,
wher ei n edges of BHdithaAfr videe Lagsseonpeetsd dpetheoswitdingrielémantsiand sleidt hat

the groove g RRhiFIRAREh b ARAR: 21 7

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.



12. A liquid crystal display device as clainmed in claim9, wherein the scan
| ead-out lines and the video lead lines are fornmed of A, and t@ ‘g&gebmu
el'ectrodes are forned of 1ZO (IndiumZinc Oxide). 13. Aliquid S& I

di splay device as clained in claim9, wherein, for the scan | ead- out

| ines, a groove is formed between the adjacent scan |ead-out lines so as to
penetrate through the gate insulation filmand the protective film 14. A
liquid crystal display device as clained in claim9, wherein tw of the
video lines are |laid side by side between the pixel electrodes, and a
groove is forned between said two adj &8%®mb video lines so as to penetrate
t hrough the protective filmand the gate insulation film 15. Aliquid
crystal display device as clained in claim9, wherein a first groove is

f d sub t i3 . i l.i i he. pi xel el ectr.od
noar edges " ner cutd SR i8piar Aeh Ot WEGRAh AR T WhOGHER R o Gt anc

in the gate insof atbsoatef btenvovetedawith a&gh @@ﬁ{aemo?ebfwistﬂbtteﬁﬁosfea k& bp@l oove,
a light-shielding filmis formed on said one of the substrates so as to be

positioned betwé&n 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 09 SEP 2004 ABSTRACT On a substrate of a liquid

crystal disBIay device, there are arranged pixel electrodes in a

mat ri x- | i ké2f or Aeliquid cryyelrdisplay devinp et eleimnadanchm s, sdierei Setscadlesd-06) |

vi deo lines (5).,an hin (2. bot h of icgh connected the TFTs (7),

and a protecti Vleln%-l %ﬁ@%&é@%ogeég lines are Pormedvc\)'*fl Pfl, aid 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,




' ' ' On the substrate,
he video lines (5) and the pixel electrodes (6). 5
?\%\Aefgeg lines are lai ((ZJ side by side between the pixel electrdi@sSEEng4

[ [ [ t he adj acent video
22) are formed in the protective film between _
Igir(rjlg\s{e?5§. iﬁ deo | ead-out |ines and s§§n | ead- out- lines are arranged in a

simlar manner. ..

ABSTRACT

On a substrate of a liquid crystal display device, there are arranged pixel electrodes
.(6) in a matrix-like formation, TFTs (7) connected to the pixel electrodes (6), video lines (5)
and scan lines (2) bdth of which connected the TFTs (7), and a protective film interposed
between the video lines (5) and the pixel electrodes (6). On the substrate, two video lines
(5) are laid side by side between the pixel electrodes, and grooves (22) are formed in the
protective ﬁlfn between the adjacent video lines (5). Video lead-out lines and scan Igad-

out lines are arranged in a similar manner.



