;[\]”e3e__t R64T-1 SPECI FI CATI ON LI QUI D CRYSTAL DI SPLAY DEVI CE Techni cal
field The present invention relates to a |liquid crystal display device
with inproved yields that are achi eved by -preventing a short circuit of
wiring lines within a display area and of |ead-out |ines. Background art In
general, a liquid crystal display device has the advant aﬁlmmmmmmm slim
and |ightwei ght and consum ng | ow el ectric power, and is in
appliances ranging fromportable terminals to | arge-screen tgl@yi sion

monitors. A TFT type liquid cryst dPEGCIHRCATIONMKs as the dominant |iquid
crystal display technology in which a TFT is provided as a switching

el ement for each pixel electrode. In this structure, a pl i an
lines and a plurality of video |lines are laid on a gl ass gwmmwmmmmﬁ@ hat
the scan LIQeIDAMRYSTRIVOATI AY DASVICE er sect each other at right angles,
and the TFTS are provided their intersects. At the sanme tine, PHi® 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 {'Imor on the protective film Gate el ectrodes of the
TFTs are 8%‘??@840 the scan lines electrically, source electrodes are
connected to the videg lines electrically, and drain el ectrodes are

connect ed to {he Pssatlinggntien reldtes tepdiguid oastaldisAlag dedemwithrieprovell grieldsdeo

| ines, and the pixel electrodes are fornmed by laying a netallic material on
an entir ethgtiareachicoéd by preyeathisy & vhat cisduit oP@iring! 1iMies WvithiP A diPldy 16 REPEESS

t hrough a nethod such as photolithography, -2 and renovi ng unnecessary
portions lehd-oudihedn etchi ng process. During these processes, if a part of

t he unnecessary portions is |left unetched, this remaining part and one of
lines are short-circuited, which causes a displaying failure. As a neasure
to cope with a problemlike this, conventionally, the short-circuited
portions gr@gﬁ%e‘ga‘gat ed through such a method as irradiating a | aser beam on
the unnecé? 9?) P on duri ng a repair process which is conducted after

the patterni n? process. . . . .
n general, a liquid crystal display device has the advantages of being slim and

lightweight and consuming low electric power, and is widely used in appliances ranging
from portable terminals to large-screen television monitors. A TF T-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, source electrodes aré connected to the video lines electrically, and drain
electrodes 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,



Japanese Patent No. 2738289 and Donestic Re-publication of PCT

I nternational Patent Application No. W96/ 26463 di scl ose a structure as
anot her neasure to cope with the probles2-This structure will be described
with reference to Fig. 12 and Fig. 13. Fig. 12 is a sinplified plan view
showi ng a pixel area, and Fig. 13 is a cross sectional view show ng a cross
section along a chain doubl e-dashed line shown in Fig. 12. Scan |ines 201
are patterned on ,a glass substrate 200 and a gate insulation film202 is
lai d on t#Rd SEOYingG yagceseary portioga tleoegheat etolieg prikess. oMDingftlese ProcRskes, if
auxiliary capacitance electrode 201 b are protruding fromthe scan |ines

201. Ref et patof thememetes?dry poefurs e NifSukotchRl] GRYeHGIRAg bay §hd by HPﬁneg Nyd he
gate insulation film202 so as to face the gate el ectrode 201 a, and a

source regimiﬁﬂﬁe@;ﬂﬁlﬁ&l@&@ésrhdiwhﬁﬂ %Qg,rére arranged on the sem conduct or
| ayer 203. Video lines 206 are pat eg on the gate insulation film 202 in

such a way th ' | nes. 206 and the scan lines 201 intersect, wth
each ot her at g%i%ﬁ}%a%#lgﬁ(gg{)ﬁeaw & ggfﬂl%thécpetﬁ{sr Sefé"e%@'&% othseshermivenitesd t o
t he sour Zéogﬁe ion 204 g{{e%tér uggles fromthe video |ines 206. Reference nuneral
207 repr PL A* Ferraiceizughsyeh & snatodeasirradiaieg & taserrheany eni the upngcossa05
and a pixel electrode 208, and is fornmed of the sane material as the source

el ect r odePTBBAIWINE A TepAiE pTasess which monHuctédatdritise matemih@prochs. pi xel
el ectrode 208 is formed on the gate insulation film202 as is the case for

the video |inkpamss. Pareft Nen2?38269remdl DaResticeRESwBR¢Sion &TPC?%ite\tgddfthlm for
covering the video |ines 206 and t he pixel -3 electrode 208, and Is

provi ded Ruté Apptication240. WO Is/26u58 Qﬁ&%@ia%gwgﬁ&ﬁl%éﬁﬁ&sme@@oﬁ?e lPZ'Véth

el ectrode 108 and each of the video |ines or “exanpl e

etching figE pidbfenyi lf Syl nsufficient, a residye 211 causes a
short circurt bet'\/vedgl‘ri]ls anrg&(ﬁ)rfe Z‘tgi@eﬁevﬁlea‘ériqui @Ererz}?fﬁn%?ﬁﬂﬁﬁel igelacthigde
208. Ho T ossi bl e, by .form ng the slit 210 and perform ng an

et chi ngmﬁl\rég{c"e%é PAIZ‘]F@&?%W% %J“%@%@é’"ﬁ ¢ @nd Jidg.oh31 iy @frosh setiopalsvipw 210
and disconnect a portion of the residue 211 |left on the pixel electrode 208
from t he PHHE 4 GTASS soeieen alonga phain dpblerdashed ling shawniindiég 12 ne and a pi xel

el ectrode are short-circuited together by a residue, it is possible to

renove the reSMagdise 0¥ arematigned oh atgldse butsantet200 avil dgatd ins\damichhhgopisxel
el ectrode. In general, the scan lines and the video lines are fornmed by

usi ng Al laid ofr thetsban fhesed01e! eCpate R radE26 1 SEITRY a&&ﬁiaﬂ%&ﬁ% @%Hmcgi n
ns 1'ng

Oxide), and the protective filmis fornmed as an inorganic I ilm
i ncl udi n%le%troﬂé@@?d"é&e%ﬁét?&iing-r REREHE'sEun fides'2D1! ”ﬁgtsels'elnl?:cle %ur%lgral 203 represents

a semiconductor layer formed on the gate insulation film 202 so as to face the gate electrode
201a, 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 lines 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
electrode 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



etch such netals as A1 or G, and ITO (Indium Tin Oxi de) sinmultaneously by
using an etchant suitable for etching the protective film Consequently,
according to the conventional structure;3+t is necessary to perform an
etching process for renoving residues that are left in the slits after the
slits are forned in a protective filmso that the residues are di sconnected
fromeach of wring |ines, which eventually increases the manufacturing
steps. Particularly, if the scan lines, video lines, and pixel electrodes
are for mededizoda0Bgaml isarevided withfaf dit @10 ih kamreswihdinghegion depleenahd pixelof
etching processes are required to renove the residues fromthe slits,
because tdlesterded08ahd eachivf @it Wiledkiys 20gi t abl e for renoving all of the
materials including Al, C, and I TO. Furthernore, even if a residue of a

i the |1 i di e Ve : L Jt i bl
that the resi Suentoneanple fiE KRBERRTE SRb Tl R pplilisnt & kel 2

protectiv i r ebe: n and this nmay cause e j,uomping.of electrjcity
Detweon (usts ahiiEfiah SRthepione oh e Tt Mop gbF iy 1 bl ectmy ob.
circuit. Therefare, it is desirable that the residues be disconnected from
the |ine MA®PELIbsNostible, byhfosmuedthe skifpd 10and perfomring an etchingtrmecess thereafieres .
In order to cope with the residues of the scan lines, it is necessary to
extend a tolrtmovoihguesidus 21Adefp irvthestit Y1) 4rid discaanele e portioni oftthe wesigat 211 left
insulation film However, there is a case in which a light-shielding film

i s for medorbtht pieheletteodei208 frozh drtvidsbdnen0d. t heotboweords) dves if Avilbdlddnaw and
in the sane plane with the scan lines. In this structure, it is not

possi bl e 4 ?i)dcepremcfrb& atel §h&@ci%j@@2&%ﬁﬂ?éraﬁ)ﬁa%§hﬁé qtis Egsfsﬁﬂ(rsﬁo trﬂ'ﬁove the

light-shielding filmand the slit overlapwth eaéh ot ur t her nor e,
scan | ead- i . i from.t.he.sca i nes, gnd vi deo | ead-out |ines
ext endi ngregpgen# * ﬁogﬁl\lff%%gﬂﬁleﬁ”gegngeewfi% Wéed“@r{h? H‘é‘e]s‘ﬂﬁ&qdﬁt e outside a pixel

area conprising a urality, of pixels so that signals froma driver circuit
are fed to thﬁ‘ %ﬂeslr%iﬂtfl%@nalmsm idep lingsease formed byjusing HloersEuithe piyelt hat
the | ead-qut lines are short-circuited with one another through residues
left as ecelecirodes argffommed bisusing ET@(Indéurs Hiim @xpdedcasisthe pootentive filmhe faroede
menti oned references do not provide any solutions to this problem

Di scl osuras auf inofgenic rinsbatingrfilAninchjdégy Sioih hiey @ses e MheiefreNit ii® Mnpdssiblentol | ght
of the above-nentioned problens, to provide a liquid crystal display device

that can dih pichomeRts 4hAPWSITTS bAP TPONBRMGRACTH! bﬁﬂepémfﬂéﬁ&%sfggbﬂgﬁg 3 abl y

residues of wiring lines inside and outside of a plxel area

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



di sconnected fromthe wiring lines so that the liquid crystal display
device offers optinmumdi splay result. To achi eve the above obj ect,
according to the present invention, in akiquid crystal display device that
is provided with a pair of substrates having liquid crystal seal ed

t her ebet ween, pixel electrodes arranged in a matrix-like formati on on one
of the substrates, -5 switching el enents connected to the pixel

el ectrodes, a plurality of video lines connected to the switching el enents

and | ai d residee amt thalling, reamléing éh atsatoofstRRMOGiRRLL Theletrd it I9/deRfrati€ Mat tHenes
connected to the switching elenents and | aid perpendicular to the video

| ines, andsidugnldgohndeidd fomiiié RAORAEE REGHBENTRIIGIN MiBfed bnESaRRYr i1
pi xel el ectrodes, two video lines are laid side by si et ween e pl xel
el ectrodegan 8h&. 2196 bebel @R e gctiive fil m between the two
adj acent video | i nesf&g\goc%?pgi% {0 lIte gh%r%fgé‘%%cainr%%ﬁﬂt SHPeCpsiay tPieEﬂ.?Pga
crystal dj.splay.deyice that is provided with a pair of substrates having
li qui d c?%l/‘z ?"é’f‘%‘l é‘éﬁ’&!’r?tﬁ‘g}v&}lél cP g5 109 a gaig dpsultion THmy o hlpweevemthgre is a
matri x-1ike forpation on one of the substrates, switching el enments

connect e Whichakightshiclding didm is fonmredr betwean the pikal eteckiodessamdotheeitead t 0
the switching el ements and |aid substantially parallel to one another, a
pl ural i tling$ isplan Viewemddorthe shed flanetwich shwi $cahilings.e! RNBLRL Sratige, |iRisthot
perpendi cular to the video lines, and a protective filminterposed between

t he vi degobsibleso #rth thealipinkal agr6sidt® gestiord bbédusd tlﬁrlfg?l‘t’-@hiieﬁlirfrgofélﬂ?gnd the
substantially parallel to the video Iines in the pixel electrode near edges

t her eof , sﬁpgvealaﬁ%glrg; ghaye is forned in the protective filmat a place
corresponding to the ?lrst groove. According to the present invention, in a
liquid cryst i y . device that is provided with a plurality of wiring

| i nes conpri ?“ﬁ%e%g‘%gnmtlF?fEO%ﬁwi %{ﬁtg"ém BMBE s6an bnes and ¥idsedeadrat, a
protective filmand an insulation filmlaid on the wiring |ines, a pixel
area compiFEicKignding) iom) the yvideo bingepre Exmgdoin vie substralei owgside i piskl area

el ectrode, and another of the substrates facing said one of the substrates
wi th i qePepesye aplurehitydhfipitedsisa thet sipmrisvirem, a drived cirsuiame fEd e stan like
protective filmor both in the protective filmand the insulation film next

to the wiandnbe Vidoedineut SThdee fshepeistality ah@aheTeadaivd iABE R shbARiretiRst wak €S-
According to the present invention, in a liquid crystal display device that

I's provi @ae anbthér Brdth rreﬁaue%‘l\%? traIE %g@ﬁllpﬁveinnﬁsﬁﬁigféhpetgﬁﬁ{é &)?(lcegs(?all-ﬁ)gvever,

t her ebetween, a plurality of

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 produced through simple manufacturing
processes in which residues of wiring lines inside and outside of a pixel area can be reliably
disconnected from the wiring 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,



-6 lines conprising a conductive material and fornmed on one of said pair of
substrates, lead out lines extending fromthe wiring lines to driving
circuits for feeding signals to the wirihg lines, a protective filmand an
insulation filmlaid on the |l ead-out lines, and a pixel area conprising a
plurality of pixels, the |ead-out lines are fornmed 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 iswithingeikmentd camected to/the plixetlickepiradesge plueality f pides Uaecconyediad @i ng a
plurality of scan |ead-out |ines by using a conductive material on an

i nsul at i nie switcHifigélemeh@afid Md&ibstdﬂﬁb!hﬁ?aranblftb b Hbthdi }%lﬁﬁaﬂibﬁéf &h lines
substrate and the scan |lead-out lines, formng a plurality of video

| ead- out dohR&se | : [ terl . €. dn teon film

| ayi ng a d}:())r ot e(f}i(ovgﬁ%‘ :g rﬁElgﬁgt ggéiﬁnitﬂégtllg%nﬁﬁpﬁﬁrﬁlgﬂﬁg héﬂevi% §§ llmeeg’d%{ta
lines, faorm ext to t can Jead-out |ines, grooves penetratin

t hr ough t%%tentﬁ'seu@ﬁ 1%?{??%6?&’.%’?5 ntth V%FB#‘@E% T“Qfg&‘f" iﬂg’fﬁ eFS‘i’?FFeﬁgt,won%‘Q?o ﬁ’é)est he
vi deo Iead-i)u lines, grooves penetrating through the protective film and
form ng, Bhlaihgidpbyiside; bepwesn thepixel eleatadnsy and a graowe e& imthe protective
conductivity, wherein the conductive nmaterials exposed in the grooves

f or med nefdm hetwednethe twm adjeceont wideo linees and in the grooves fornmed next to
the video | ead-out lines are renoved by etching. Brief description of

draw ngs Fi g. Adcording tdtiRprydeain@éntion i & liqeidReystaldisphaVdeiibedh®ii¥ Blovided

el ectrode of a first enbodi nent of the invention. Fig. 2 is a sinplified

ctrode of a Tent of | nt i or 21's asimli
ehomat 1 o) § P ShAbsRuRsRening Eody SRl B Besofiuern ohl fﬁ‘eeg%‘?%é TR roce

d | a¢t o b A bl 0. 4A | ' for d L. bi irst st '
Form n. nhyLPaRtiks, Eriuefay 68, ik, gt Skl Fiching Rilpipiiommediefo 18 ¢

vi ew showi.n second step. Fig, 4Cis a view showing a third step. Fig. 4D
is a Vi evpl)gq%(ﬁiﬁcggﬁgs, ]‘aoal,u{qiilt)gpgg;deo lines connected to the s“gltching elements agd 1a:idg

substantially parallel to one another, a plurality 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, 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.

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



Fig. 4Eis a view showing a fifth step. Fig. 4F is a view showing a sixth
step. Fig. 5is a plan view of a first substrate having a pixel electrode
of a second enbodi nent of the inventiom6+ig. 6 is a sinplified sectional
view taken along line B-B" shown in Fig. 5. Fig. ?Ais a view for
describing a first step for formng |ayers on the first substrate of the
second enbodinent. Fig. ?Bis a view showing a second step. Fig. ?Cis a
view showing a third step. Fig. ?Dis a view showing a fourth step. Fig. ?7E
i s a vi elingheomprisiag ficonducsive matétial .and Horinsedaory oo Bdaidvbaig ofl sebsichlds SIERD .

Fig. 8 is an enlarged plan view of a first substrate of a third enbodi nent.

Fig. 9 i sualinesrdxeending fpinatheviiikgdines td)&ﬁ\i'iﬂgEﬁéui@.?oﬂfe%@ih%%ig%ﬁﬁ% Fifel ﬁifrihgg to

the third enbodinment. Fig. 10 is an enlarged plan view areas surrotindi ng

a term naneQ pioRRtiV& kidthi g %nSinEv?Qti&ﬂ] hgﬂllﬁﬂ%d{'h@ﬁ&[ ot 1ies 151Lnélﬁ %!g{s)ﬁﬁg?r\éld te \évk en

for describing a first step r formn ayers on e fiIrst

along Ii .| 19,18 H.g. 11B is .a vi.ew shgw ng a second
step. Fi SSm%&ag ?‘2&9 g‘\ﬁ\l}b’;% é‘%Sbsvr H{f lﬁa(?'m"r f&rgeﬁtaé%?orﬂes.ouﬁgebﬂ}espléel\ﬂf%ﬂm%ﬁovm ng
a fourth step. Fig. 1d1.E is a viewshowng a fifth step. Fig. 11F is a view
showi ng ?%‘%"Ef ﬁresﬁBB‘? i the proteptivesfiln gp botheiy, the peotentitve fila andrthe iinsylatiopi x el
el ectrode_of a conventional liquid crystal display device. Fig. 13 is a

si npl i fi ddmaegt toghplead-outdinesken along line DD shown in Fig. 12. Best node
for carrying out the invention Hereinafter, a first enbodi ment of the

present invemtdcording td theeprdessie ineadony 4 Miqhial @y aaC@spigy (deficdiaptdRited 5 9 1
is a plan view of a first substrate having a pixel ‘electrode,
forming a plurality of scan lead-out lines by using a conductive material on an insulating
substrate, forming an insulation film on the insulating substrate and the scan 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 penetrating through the insulation film and the
protective film, forming, next to the video lead-out lines, grooves penetrating through the
protective film, and forming, on the protective film, a transparent film possessing

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

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

by etching.

Brief description of drawings

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

of the invention.

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

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

electrode and projections.



Fig. 2 is a sectional view taken along line A-A" shown in Fig. 1, and Fig.
3 is a view schematically showing a positional relationship between
projections and slits within a pixel area Here, this enbodinent is based
on an WA (nulti-donmain vertically aligned)-type. Reference nuneral 1
represents a first substrate which is a transparent substrate of, for
exanpl e, glass. Reference nuneral 2 represents scan lines formed of Al or
the like, and reference nuneral 3 represents auxiliary capacitance

el ectrode | i 88 $hisevewifandesaribiog el firstterhfor fiemsing bayketsromsth firsDsubistriate ofi r st
substrate 1, the scan lines 2 and the auxiliary capacitance el ectrode |ines
3 are | aithe first gmbadimeht. at substantially constant intervals from each ot her.
Ref erence nuneral 4 represents a gate insulation filmlaid on top of the

scan |ines 2 @B ggﬁéwishéw aGeidistgyace el ectrode lines 3, and video
lines 5 are fornmed on top of the gate irnsulation film4 by using Al or the

i ke. The vi qq? ac ﬁ%sviav%&;v ra‘?ﬂﬁfgteﬁo that the video lines 5 intersect
es;’

with the scan Tines 2 at rig ang and an area surrounded _g_ by the
scan lines Zoﬁng@? he vi deﬁ | ines. 5 corresponds to a pixel. For each pixel,

there are provkded’SZ By sRowRInga Py sEPf or med of 12O (I ndi um Zinc Oxi de) or
the like and a TET 7 that is placed at a junction between each of the scan
lines 2 and d3gHEos apvirwv shardog pififith ®pas a switching element. In this

enbodi ment, two video lines 5 are provided for one pixel and two TFTs 7 are
connect ed t o KipetFgs raieveblestingdsixth stégs a result of this arrangenent, in the
fabrication process, even if one TFT 7 happens to be defective, the pixel

el ectrode 6 @& besapplaat edwoyf Welirstfsubdiateohlbdihg T hixbl elddirsdsds Y Seofil

;
i nproved yield of the product. Reference nuneral 8 represents a fiIrs

prot ect i \egbbliinBnt Hfthe GREREiGn.t Ne video lines 5 and the TFTs 7, reference
nunmeral 9 represents a second protective filmlaid on top of the first

protective fig. and .t i xel ‘el ectrodes g are fornmed on top of the
second pr ot ecF{IéT'] v6(2151aiSfrﬂ?lg?e%ﬁgftlwgl%w&kepﬁio@g%rﬁ%F]Eﬂ"@b’t“iE}é ¥ilm9 may be
given a flat f‘su(rja_ce so as to act as a flattening film Alternatively, the
first protecti§d1s1aniew tendeseribing adiststepdar fomminglayers onshd fist supstate of and
the second protective film9 as an organic insulating film Through the two
prot ect i ke Serondengbaglierd, there are formed contact holes 21 in portions

t hereof corresponding to the drain electrode of the TFT ?, and, through

t hese cont actFifGBeis adilew sHavipg ¥ekcoptie®pr ode 6 and the drain el ectrode are
el ectrically connected together. On the gate insulation film4, there is

fornmed an i ”%@Ci@a%\ﬁﬁlﬂﬁviﬁ%%hiﬁd‘QW) in a portion thereof facing the
auxiliary capacitance electrode line 3. The insular electrode is formed of
the same 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 describing a first step for forming layers on the first substrate

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



material and at the same tine as the video lines 5. The insul ar el ectrode
is electrically connected, through the contact holes fornmed in the two
protective filnms 8 and 9, to the pixel &8ectrode 4 so that the insular

el ectrode and the auxiliary capacitance el ectrode |ine 3 together produce
auxiliary capacitance in each pixel. Edge portions of the pixel electrode
6, as observed froze the direction normal to the first substrate 1,
partially overlap with the scan line 2 and the video Iine 5. Wthin each

- 10 pi xel elkgt¥Bdie ad/jjiew Blervengnaedomdresgh. a plurality of slits 10. The slits
10 are formed by renoving parts of the pixel electrode 6 through a process

such as phot mig.tlhmg@mmiﬁggﬂgfdﬁaged substantially parallel to the ad]
acent slits 10. In this enbodinent, the slits 10 extend in directions 45

to the video g ; [ ' ions deviated by 90 therefrom at
t he auxiIiarJh%gggg??gﬁggggﬁgg%?ggghfﬁﬁé 3 serving as a boundary. Anong the
edges of the | .el ectrqde .6 ts where liquid crystal nolecules are
nore |likely tm(;é')t;lgbﬁlggm“@ﬁ?&l%%ﬁ%is ‘to the position thereof relative to
the slits 10,..are_forned in a sawtooth shape. Accordingly, edge portions of
t he video Iirfég'fligéﬂaf”ﬁé‘f%\ﬂn“ﬂ% apithetey forned in a sawt ooth shape.
Ref erence nuneral 11 represents an alignnent filmthat covers the pixel
el ectrode 6 digl 2Hiaa plan vieh] et sbistraie heving aglixellelegiodydf 4 sombitunal liquid
Ref erence nuneral 22 represent grooves forned between adjacent video |ines
5. I n Fi grysta] displaydevioyes 22 are shown in the hatch |ines. The grooves 22
are arranged continuously through the gate insulation film4 and the two
protective fifigg3 : bt > e. f.or al ong the
video lines 5 %Ptﬁsggﬁﬂﬁgﬁggc?EQ?E%?QF%%gggg&gﬁ%gzEf?“?ﬁgnggégﬁfines 2 or
the auxiliary capacitance electrode lines 3. Accordingly, if residues of
the scan lines 2 or the video lines 5 are left in the grooves 22, the
residues Jeft in.the grooves 22 are etched sinultaneously with the etchant-
that is oS¥mp "rf"lrd’i‘ﬁﬁ%'ﬁ'gg?ﬁ'lfethﬁi'&‘éqnt'épectrode 6, and the residues are
di sconnected fromthe scan lines 2 or the video lines 5. Because, in
general, Al , Hereingfiey pTiDst gmbodimene oft theepresent usvengon heillsberelesdribednyith and
Al and |1 ZO can be etched by using the sanme etchant, it is possible to etch
t he .r esi cfespcarotthodtavwdngsangig)g ian phediéw 0nalfirtBIbkAGIHAVINES AkAChEToddY
formng the scan lines 6 and the video lines 5 by using AT and formng the
pi xel el Bty ofes séctidpaluvieWdtake&aloRE 15eCRCL SHAWR! @l Fig21! &Pf ?Fgg & éav%n%pond
xample,

substrate which is a transparent substrate of, for |"as’s. t he

second s b@ﬁHaﬁ&ﬁly]s%oﬁﬁEi ﬁos"i’tri&lai peﬁa{fﬁ)%s}%&)%%ﬁe@ltprrci)jé&son%%n(? Stits within a pixel
area. Here, this embodiment is based on an MVA (multi-domain vertically aligned)-type.

Reference numeral 1 represents a first substrate which is a transparent substrate of,

for example, glass. Reference numeral 2 represents scan lines formed of Al or the like,

and reference numeral 3 represents auxiliary capacitance electrode lines formed

simultaneously with the scan lines 2. On this first substrate 1, the scan lines 2 and the

auxiliary capacitance electrode lines 3 are laid in parallel at substantially constant intervals

from each other. Reference numeral 4 represents a gate insulation film laid on top of the

scan lines 2 and the auxiliary capacitance electrode lines 3, and video lines 5 are formed on

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

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



-11 as to separate the individual pixels, and there are laid color filters
14 so as to correspond one-to-one to the pixels. The color filter 14 is of
one of red (R), green (G, and blue (B)-%ol ors depending on the |ocation of
t he corresponding pixels. On the color filter 14, there is laid a
transparent electrode 15 of, for exanmple, ITO 1Z0O or the like, and, on
the transparent el ectrode 15, there are fornmed projections 16 in a
predeterm ned pattern. The projections 16 are ,formed, for exanple, by
formi ng &yrthesean lises dcanyithe vides lines Gtcorrasponasiat £piven e Fap@hsiepiRelt h{eﬂf&@ a
process of photolithography. Wen observed fromthe direction néormal to the

second sphstidet £pikd] elebeode! ®fsialddWT 1¥0) {Iﬁdiﬁﬂ?kfn&%ﬂﬁ e)s&btﬁ% %@giéaﬁé{agrﬁweach

between the slits 10 and parallel to the slits adj’acen

pi xel . They iy Sh&atsq : ' e e fqr the slits , extend_in

di rections del\sll?at ed E?lcégngtgﬁ’}’éﬁg eéét}lx?ftﬁgf?ngg‘ﬁﬁgiaf@ﬁﬁé @ﬁ@‘éf’ﬁ‘%ﬂ ng P 3ga 3
servi ng - dary, . at. the edge pqrtions_of the pixel electrode 16,
proj ect i gﬁg%gg%%ﬂegﬁd Iﬁﬁﬁﬁgf‘@?é‘"@%‘&e&"’c ﬁg?‘é fes Jyaw previded foreme pixedend ode
15 and the %ﬁﬁctions 16 are covered with an alignnent film17 that is
subj ect e§™? Areengeted fveng pixekelestrade 6. Bétswerssult bbthismurangamentainathe 1 and
12, there is interposed a liquid crystal layer conprising liquid crystal

mol ecul edebriBatien/pregesnegyaniifiencdTET ddiappensao bs dafettiv) ieopikeiectrole 82HbE1 Xl |
when no electric field is present between the pixel electrode 6 and the

t tetl b twayds 7 QUITH i | . gned
r anspar eperatetl &g twayds tHbothéd TEF T 7 UTRis ¢hyiSéAdn i t?‘\lfeid ,@aﬁ%ﬁgﬁ?ﬁ@{c{-g”e

vertically by being restricted by the alignne When an

el ectric fi elpdfdréndemagRRl ' . ctrode 6 and.the, transparent
el ectrode 15, the i qui gig:}gétai rr%) gs(t: #oéeslnxghg?g‘ai?ﬁ%‘ﬁr%@’ﬁVi“i?oﬁ’ﬁlés Sand

hori zont i ] hisatlne he liquid crystal nolecules 18 are

i ncl i neda{enﬁisgég%@%%cééﬂﬁ’ﬁﬁa? 85??8@%@, S%@P‘E@mrt pifindaidgn tonef $he first 10
and the projecti.ons 16,50 as.to forma plurality of domains within a single
pi xel . F ré’.% M3 @%@?a??%é‘ﬂ%}xeéﬁ odgsed are foranedipnip of therseconsiproiective flhd i s
pr esent get ween the pixel electrode 6 and the -12 transparent el ectrode

15. A fi Pst Fofotxample sheicond protettive fillhe may be giventa flhiauifhdesio SUBSEr &£ 1,
and a second polarizes 20 is laid on the outside of the second substrate
12. The flatteningafitins eAbioapwdlgrthe dirst prBteativk Bl @rlﬁ@ge%ﬁgﬁgg&daﬁ Nfrodaflel 1
transm ssion axes are perpendicular to each other.” When the transn%sm on

axes of inkelaped filnh 364 ﬁlejsg‘f(ﬂﬂ%féﬁcﬂeeﬁlﬂ{ ?QPWBrgﬁécﬁr?suiaQﬁlgcﬂl&gC%gbi whi ch

the liquid crystal nolecul es are 1 nclined & observe m %ction

normal t n S e ransmssion ljght js.transmtted

t hr ough ﬁ\(;erbg(ggcgﬁg gl&ﬁ?i éﬂ%@%d& %s%fez‘%f?f‘%‘féﬂ?w l’%ie?l {h@ortiogs thereok st al
nol ecul e i pchined bout . 90 the projections 16 and slits 10,
the two %%rtj‘“' gPﬁdznrgs{al egf?dn%cﬁ?‘ge% SH‘]{F ny&dds thequeh these cantaet holescH, thei s of
the second pﬁgjl arizes 20 is at about 45 to the direction in which the slits
10 and tWESAISGHOdE| the degin elegtrafle Arereledtdcably cohnected togethere mithrihewate, t he
transm ssion axis of the first polarizes 19 coincides with the direction in
whi ch t hidsaatien filnnésthere dxfoemedd an irdulah elettraie Abtshb@A) W SorBbn tHeRoS 2aRd

pol ari zes 20 coincides with the direction in which the video Iines 5

ext end. WMhenxiliare tbautitinee fdl@udde JinB" £S eMHe ihﬁimeaec&c{a@ iQiféﬁhefgbfi‘ﬁ{ers%%% 6 and
|

the transparent electrode 15, the liquid crystal nolecules are ‘aligned

verti cal myteridlhatfl attthe shinBQahd ¥s fal angl R 80de "Gty Peen

transmtted through the first po aﬁdségqi%gi s‘f,ﬁg LAY elecgo ¢ eelectncaily
connected, through the contact holes formed in the two protective films 8 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



transmtted through the liquid crystal |ayer conprising the liquid crystal
nol ecules 18 intact, i.e., as linearly polarized light, and is then
shi el ded by the second pol arizes 20, res@Fting in black display. On the

ot her hand, when a predeternm ned voltage is applied to the pixel electrode
6 and an electric field appears between the pixel electrode 6 and the
transparent electrode 15, the liquid crystal nolecules 18 are inclined in
t he horizontal direction. Thus, the linearly polarized transm ssion |ight
t hat has Pbedrelecirade @i thesel areh farmgh a phirdlity sxf shied 401 zEke $Btsi ¥) aenfoemeddyi nt o
elliptically polarized Iight by the liquid crystal |ayer conprising the

- 13 | i quireoviyg paits abihe pitted eletBodeas throsgh umcegsasm@maﬁ bﬁ&oﬁmbgwgﬁy hteargecond
pol ari zes 20 so as to be displayed in a color of the color friter 14. Next,

pr ocesse%nfa@%edf BlaRGha] vk I I { for : e

described with érugf er enlcygﬁ{%rgﬂ%;{g.thél%\uﬁg&lg%g?s ?ﬁ% ]'E.tgﬁs %ﬂ?ﬁ%@g@ gilep?}ggégs of
form ng Ny:l and the.auxiliary .capacitance el ectrode i 3 by
f or mi ng Efgﬁg/gﬁ %lkecﬁ%%oﬁst S U géﬁoégﬁssr%’pee’ﬁq i g\'/\rlg‘&flw %)‘(Egesduk’%rbiﬁd

et chi ng it egﬁ. Fig. 4A.shows a, cros seﬁt'_onal portion_in which the scan
lines 2 APRICHTOM ok figi quxiliy capasitanes elestrafle lipg & fervingasa Bowndarint Among thand
shows reference nuneral 23 that represents a residue left as a result of
faulty eteggsref theipixel slctpdsg, parisrwhers diquid ¢rystal mylesnles psautnare Bkely ¢obduct or
| ayer (not shown) in an area facing the gate el ectrode by laying the gate

i nsul at i emsdligned dccordingt thé posidorsthareof telstiveo thie slite10, ialkecformedlin Aawabans a
process of formng the video lines 5, the source electrodes, the drain

el ect r odghapeandctidinglyk ‘éd%é’ gbﬁﬂbhé‘ Bf the VAI& 1id faddd Mbrdveith He JQLFHAESin a

insulation film4 followed by exposure and etching. Here, reference nuneral

24 repre [ f I t ehi and Lhe.

adj acent §%§ﬁqaﬁ§s qg&gllreg&l’;s ﬁ%??&{:?]reg |%Sg Sta%gagllgh}é 3 Stb@n% ﬁ%t ‘l"%vsefsd{?s pfﬁfl Fig.
4D shows rocess, of 1 ayi.n e first protective film8 and the second
prot ect i 5%0#}?‘?%?@“"0@%185%@?&?‘%&’ Yﬁ‘i‘f‘@?fﬂr‘éﬁmﬁ? fEMMet-m 4 and the video Iine
5. Fig. 4E ShO\%/S a process of formng the contact hole 21 (not shown) and
the grooves Xeferance mymerali %2 sepresent greayes formed helweapradiasent wideof liness. 8 Tand 9,
or the gate insulation film4 by perform ng an etching step. In this case,

si nce anFeg.chathe groevesf 32 aé cthowg inhthephaittedines.e Thé geod¥enrdd frecavanged et ch
the residues 23 and 24 that are forned of A, the residues 23 and 24 are

lef t i nt zchtiriodslexoagll thengdté ensilaBion Tim 4 hfd tHERw PRcBvP FiRRE8 3n@f9, | dyi ng
| ZO on the second protective film9 and formng the pixel electrode 6 in a

predet et dEdn sHE BRGNS PEEIOFIES aBKD YR 8o fless SN Wber ERSherbe oblifa L1 M°:

since the etchant "used for renoving SO renove e residues 23

200,241l o Y2 kT U e 2 AR L e
film@. %gﬁgﬁébﬁgﬁg& l?r(lze%%rcgri eg vitdgo Iilqgs grg eefIt1 }n tihg \é?or:)tvies? 512, t}?enre?igigcisstlief? rlllijl !
process
the grooves 22 are etched simultaneously with the etchant that is used for forming the pixel
electrode 6, and the residues are disconnected from the scan lines 2 or the video lines 5.
Because, in general, Al, Cr, and ITO can not be etched by using the same etchant, and Al
and IZO can be etched by using the same etchant, it is possible to etch the residues, without
arranging an additional manufacturing process, by forming the scan lines 6 and the video
lines 5 by using Al and forming the pixel electrodes 6 by using 1ZO.

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



the residues left in the grooves 22 is not required, because, during the
process for formng the pixel electrode 6, the residues left in the grooves
are renoved. Although the exanple descrilbed above is for form ng the scan
lines 2 and the video lines 5 by using Al, a nultilayer structure using Al,
Mo, or the like is also possible if conpatibility in electrical connection
with 1ZOis taken into account. Next, a second enbodi nent will be described
with reference to the drawings. Fig. 5is a plan view of the first

subst r at @ taneparate) thebindividuak pirels, hnd thete amslakbcadlonfiRérs daw dsalsadrebpong | i ne
B-B' shown in Fig. 5. Here, this enbodinent is based on a TN (tw sted

nemat i c) ohyeohd fiuthe pixetst athe JORSrAIRRAG 15 6FBRALS AY mpgl%é@p;ﬁ afid bieSB)
substrate conprising a transparent gl ass substrate or the [ike, ang
referenc : [ d h I st trate
51, The. SRR RIS oh TR RERRPofnd Falteig Rk BN, UhheSolok ir BLTBSE S 2

| aid paral kel to one apofher. Ref nce nuner 34 is a_gale insul ation
filmthat :laéé 1% ransgﬁre{lﬂgfe]c}r?ge[ lgtfggﬁ raF’éaI@riYg’aﬂ]Loo’ f%eésﬁraﬂlel flh%sanﬂQ on the
Reference nuneral 35 represents video |lines formed on top of the gate

i nsul at | &#nnareRt slectsgde k), theraaresformpd praigssionnd6 an @ predeterminedamattemul dhet o
the scan lines 32. At the intersections between the scan lines 32 and the
vi deo | i meajed®ns tlifenrs foreclpfore dxdiffile, D§ firiniiy ar esBnidfcauirylic eéstdntosat hat
are configured as described hereinafter. A gate el ectrode protruding fram

each of thdeeainet ipagem3trdughCOYeICOsk Y phdtslitiog@phy)S WhtH 8bsetvdd et BE
whi ch a sem conductor layer is laid so as to face the gate el ectrode. On

top of tRQgesRA t f ' - Al gl an.ar

f or med, andaﬁ?ergﬁlgrg}ejﬁ)ctgﬁﬁée%%‘lgc?utt)%ag&g%ﬁﬁ% Fogéfcgg??ggseggnégd aeIa El g?in La%%lgéfr ode
respecti urce el ec e and.the drain electrade are .fqr at

t he same‘6 e gﬁﬁ&higvﬁnge%argﬁe?%g &\en@s‘ts gg arephiifEdo mngpe r@x‘go{]&gﬁ

el ectrode hacz. a Eage. pti_lotrud}~ ngtbf romthe video |ine 35. Reference nuneral
37 repr eSERE 10353 otelst 16 €255 fomthe, shits dQy extend fre dirpeiions (deviated 3y Wicatithe gat e
insulation film 34, and a pixel electrode 38 is forned in an area

sur r ound@dxiigrytaapaciiance ¢lecieode dine drsdrvingasa bemdriynaml, a6theedgeoportibng dithe
protective film37. Reference nuneral 33 represents a strip-shaped .

| i ght - shipidetlietegtrbilé ri6f qrrofections 16 ekterid talGrgb e adges Stheredhe ThedMansatent di ng
film33 prevents |light fromleaking through between the video Iine 35 and
the pi xelelegir&dd IPER Be Hr ' el nﬁfﬁﬂ vi i and
the pi xel electrode 3 ?%ﬁﬁ%ﬂﬁﬁﬁ%ﬁg@hgﬁ e %rlﬁggﬁn fgfj@gttllrsgggeée(g as

ObserVedt&{’ﬁp?é%lgﬁﬁﬁg}hérﬁﬁeh%nﬂor mal to the first substrate 31. In Fig. 5,

the light-s 'm I's shown in the hatch lines. The

| i ght -shi el di film33 is forned of as is,the case for the scan |lines
32 and for med TR TheCsHre S l?sgre §sl é’é‘dgﬂ?d ti‘F‘i"ruF‘t m&)ﬂ %ﬂf“ﬁ ?‘B{étagéadﬁrl i nes
32. Afirst grooye 39a as described |ater is forned in the pixel electrode
38, and S°BREHAE ligridsrestalgpolseulesi8 hpviag negative dieledtide aenstant anisetrepst eIn
insulation film34 and in the protective film 37. Reference nuneral 40

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
inclined 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 so 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 electrode 6 and the



represents an alignnment filmthat covers the pixel electrode 38 and the
protective film37, and is subjected to alignnment treatnent in a direction,
for exanple, parallel to the scan |inesl32. Reference nuneral 41 represents
a second substrate conprising a glass substrate or the like and is placed
face to face with the first substrate at substantially a constant distance
fromeach other. Reference nuneral 42 represents black matrixes fornmed on
the gl ass substrate so as to face the scan |lines and the video |ines. The
bl ack matnahsparedt glectfadenidd of Cr or the like so as to separate the

i ndi vi dual pixels. Reference nuneral 43 is a color filter formed for each

pi xel . The c dirstf pdlareser 49 isSla®f ofNBe Vutdidd of e FPSHERBstrdRd 11 aaﬂ%}?%ﬁ:%n& B)

col ors depending on the location of the correspondi ng pixel'$ e col or
filter 43qakib&r 8o i; Al r a r 44 of , for. exanple, | TO
120, or the ke, lgl’ll at (gﬂe{ﬂ%% gﬁ{sgg%r Eéﬁp[ € Eéd%ﬁ& g‘ﬁgsf:{{a 60&2- 4ZL? girﬁto?z‘gfé%?% an
al i gnnen . ) alignment film45 is subjected to alignnment

t r eat nen%’ogair}&%s g?ra@g??)oaﬁe B‘g Fﬁﬁﬁﬁdéh?tg}‘elf ansTpissIaR AXESAre Perpepdipiantio gagh whi ch
t he aligangnt \&5—;' m 47 of the first substrate 31 is subjected to (i.e. in
par al | el 9§t nWhen Hhsotransmissiar axes efhths polsizarsnthend 28 dre quiabiowtr4pSttalthe ayer
comprising liquid crystal nol ecules 46 having positive dielectric constant

ani sot r opiregtionsinshichhthe Lieuideapstal pwieculss Kulast iradiasd 3% chzervdd .frofahe NO
electric field is present between the pixel electrode 38 and the

t r anspar directishemtrmaie the, setbie] butdtrhed 12 YahahissBh E?i%ﬁi RStraRnAi& M%Ig%g% by 90

and aligned horizontally by being restricted by e alignnent fil and
45. Whens@ang p8Rtizé2d sk isieRiEs ' §e94Ginag ,8nd

t he transpa?erllat ell ectrode 4A§,§let e Iegl}ltc’]ctfibtggi@g@tgyﬁ%%élgéqlggsﬁgf%redp‘gmieﬁéfi ned
inthe v I Gab (dir.ect | I e ectric field. Fjg. schematical ly
shows t hg&;s t?’?e t(?lrtll{evﬁﬂceﬁﬁ%% g(?g%‘{ Pli‘tﬁq\bi @F&WPSP%{Z‘?{%@S%H g@,é{e\,@e@{rapggd pi xel
. el ect roﬂﬁ 3% and f he tran%parent el ectrode 44. A first polarizes 47 is :
| ai d on PREWMSAOSHISSIOR axs ot the seeond pelanizer 20 dvat ahput 45° se therdireplinrainiwhich 48 i s
laid on the outside of the second substrate 41. The first and second

pol ari zef§ dlits JQqangs the projestigns d@gextend mathirt e pixet. arlanthiss embodiment, akie

per pendi cul ar to each other. At the sane tinme, the direction of the

transm syhusmissiors axif dfhtke firststolqrivenn d 2emcités avith tHeediAdctiom e Ahidh theGkiPn of
the alignment film40 are so arranged to coincide with each other, and the

di rect i olin@f 2 teltfentl] AMB MieSHaRMIdNSS afh dfMiBe %g&ﬂxﬁgp&ﬁjiz%f iz%)eéoirg&géé NGt B
| m45 ar

alignnent direction of the alignnent fi SO arrange 0 COl nci de

R e SO A el ¢ 5 e, o et e peen

liquid cryst %hén%oegle%iclf?elé) ?sl gx%sénvt\'ib%%“?e%nbtxe %?xei %le%tggdediG ragg tt}ileotr}m?s];)arent
electrode 15, the liquid crystal molecules 18 are aligned vertically. Thus, the linearly
polarized transmission light that has been transmitted through the first polarizer 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 transparent
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



anplitude, and is then transmtted through the second pol arizes 48. On the
ot her hand, when an electric field is present, |ight that has been
transmtted through the first polarizesi3? -17 is transmtted through the
liquid crystal l|ayer conprising the liquid crystal nolecules 46 intact, and
is then bl ocked by the second pol arizer 48. Next, structures of the first
groove 39a and the second groove 39b will be described. Residues |left as
deep as below the pixel electrode 38 as a result of insufficient etching

when t he ligeRicrystalatioldeulanis, lahe iy iR rahémied Throupleihe seldnlsdlarBee2®bss Bt ched
in the portions left in the grooves 39a and 39b and renoved therefrom when

t he pi Xe%e%‘is@%y@&’ﬁ?écﬁgr@i{)tﬁe%&lﬁf'ﬁﬁer for this reason, it is nore efficient

if the grooves 39a and 39b are |ocated as closer as possible to the scan

line 32 and t video lipe 35.. 0On t.he other hand, i1t ig difficulf t
position the I‘E@&oﬂ’f@%ﬁ?ﬁ’éf&"‘%@% ! ‘ﬁw’a@h‘ag PS5 ot &‘Feﬁrﬁﬁ %@ét,ratﬁelc%\rﬁ S‘Erﬁ?d

| i ght - shi el di rI;g film33 is laid between the video line 35 and the pixel

el ect r odéVidgrefexgneefo Fig.14Apto Figedhi de. ¢ shownapragessaofformiagsheiseanilings 22 of
t he adjacent pixel overlap with each other so as to formthe auxiliary
capaci t anbé. thdlagxiditor eapaciiancgr dentmsle Iorees ah by Sdminpea flayerad, Alviohhthe glise

pi xel el ectrode 38, as closer as possible to the light-shielding film 33 or

t he scan shbshate32. followed ihySéx;g)&mV&d39tahiQE $tfiR. PFieL!4£1sB6ws ad@oskBsdclohf)r Med
in a long and narrow shape along the light-shielding film33 and the scan

lines 32popithh ih WiHENihe @6ar Fined 24ddrtRé -hﬁ)}iliﬁy é:g §cHarice éi%c‘ﬁ%oqg fided 180 hbf &

1 ist
groove 39 into a plurality of pieces pro a several contact points

t hr ough j r ri4 nd. the ed r.tions of e. pi xel

el ectr od%ggﬂ%‘&g&gfg@ er@é%%&yijcgl%%%@fe@a&? 8 rggg'ﬁeog’lﬂh rd ?8‘91{ ﬂg?augnﬁeetcg]mg. re

pi xel el ﬁ:ctr&ojl 38 can be@gx%i nt.ai ned at the sane potential. ~f the width of
the firstigrbiowsghpriocess ob ogmeing ap prsulas semicopduston lgyerdnatahopm) ingrbares he
liquid crystal nolecules 46 is weakened. By contrast, if the width of the
first grdenieg thegateslettnodohy layingthe gatctinstatioorfdm 4omidparf theoscah éinestbomthaed

w thout the first groove 39a can be maintai ned. Each of the second grooves
39b i s f dikeedFign4@shawea progessasifoming the videslites;50 thet o@rck ieledtroddsOthé Agais 9.
When both of the grooves 39a and 39b are fornmed, an outer side ~dge (an

edge | oc@lekBoddsOSRY the Qikk 'B? 18iAg a dyee of'ﬂ,lll 85 1P 6F the BAL ihdulifion Tm 4 foﬁg}’vg{l the

second groove 39b is positioned inwardly (towards the center side o he

i xel ] | . | i

or ¢ e tv?’ﬁ%éﬁ@ae“@%d t“?ﬁl@é’? h%&?ﬁfge gCE%%@*s*a@8?@%%8%&33%5%&5%1‘#38 Bl ek >
[ IR, ' .t ins] . . 39; 9 [
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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 exposed
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



39b. As a result, the first groove 39a of the pixel electrode 38 can be
made narrower and the residues left in the grooves can be reliably renoved.
Next, a process of forming |layers on thé4first 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 fornmed through patterning and et ching
met hods. Reference nuneral 49 represents a residue |left due to insufficient
et chi ng a#d oaxerefitbe pixshelettedeiboid-thhscebnd pwtdctiverika ot owar ds sur r oundi ng
areas thereof. Al though voltage is not applied to the light-shielding film
33, T Lhe r o duscrikcd, accdrdingli@theire @it rientiod! R diliftBnalhrBs HiGeRioh R

the p Frer ect r ode

el ectrode 38, it is possible that the video line 35 an i xe

38 are shigy tesidusCrefli t Si 9. In Fi.g.. 7B, the

gate insulation fi Fr%ﬁg}éllé g‘g)%lbgg?%lz %ﬂ%{q@{egg &saﬁ%sfhfd"iﬁ%ﬁ?lp,m?eﬁ%f%cfﬁﬂnﬁngne 32

(not sho : Il ght-shi el.ding .film33. Then, after a sem conductor

| ayer i s\f@a}l’ ‘éadruﬁe#%ge St g}gﬁgsslgléetseleﬁﬁ'g theArPoyesarg rrmovedq nAlthonghthe examplet ed

i nsul ar-ghaggd sem conducfor | ayer is gro%ped out through etching process

at a pl alSFRE ABOYhE oI toraing: theosran lings & gnd 1 videpolindsoh bynusig Ak, &he

TFT 36 and the scan |line 32 do not exist is shown in sectional view and,

t her ef or 8Mulilgersgrapturg RENBALaMD, oh theslikm is aausdssibld Myempatilifon Gh@ea | n

Fig. 7C, Al is laid on tope of the gate insulation film 34, and the video

| i ne 35 icentfeotiorevith ReOds keine a®oaht. 50 represents a residue left due to

insufficient etching and extends fromthe video line 35 as far as into the

regi on of thNeﬂt,&%c&ideéiﬁHdaﬁﬁeﬁawiﬁ@egies&ﬂfi g&i{h fet¥enct tli[ehcﬁa rq%%.eﬁl%ilg.\[lf" nf' Im
, | S

37 is laid on the video line 35, for exanp as an rnordga g
film Injd 7, | (pot sho ,, the second grooves 39D,
and t he f{tglagr‘gc?go?%%%gt SBP%%?Z%E?‘E‘I%E%&] 5 & Siweplitfeq c,:pﬁ_sec;:tpgnaf N faken

el ectrod i.S sed by.laying | ZO on top of the protective film37. In
this st eg{oggllf%oﬁﬁ%ﬁ i z:t‘g'gg-ooé%@’ Yo, egrbodineenpiix diasest enta Tk (Bdsted e

al so forned by etching, the residues 49 and 50 left in the grooves 39a and
30b are, n%fflatf‘%'éyEedFPé“‘gFWét,al-al so etched and renoved, because Al can be
etched by using the etchant that is used for |1ZO Consequently, the
residues 49 Refaensd uharal 8 hacpiesants el fxet solsbraRScathfridths GORRRBHH: graegﬂ the
light-shielding film33, and the residues 50 | ocated bel ow t he pi xé&l

el ect r odsuti3Batarce thé SikenaRICieRFerddeAiinidi I HBRsbMES 37 lige fgﬁ?ﬁ@p 8 3 nce

t he grooves 39a and 30b are formed in an area | nner Si

i ght- shialsdiuRa 1! | Ik 38 e 3558 Wkl BLEDM 19, 85,030 3, Bielow Lhe, bl xe!

electrode 38 can be disponnected relTa
contri bupesidi9 ThE Rh&hd n%eﬁargﬁ hnu(le{e?ﬁlﬁyis 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 electrode. 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



quality. Furthernore, it beconmes possible to formthe light-shielding film
33 or the lIike, because the grooves 39a and 30b are arranged in an area
inner side of the light-shielding film33- In the first and second

enbodi nents, the structures in which grooves for renoving residues are
formed wthin a pixel area are described. These grooves al so work
effectively if they are forned between wiring lines in an area outside of
the pixel area. Next, a structure in which grooves are arranged in between
wiring | ilines3$atel formaedd @nd thiclmource ltectrpdahasha stape phardidingrfromithd vibeo Hests.i bed
with reference to the drawngs. Fig. 8 is an enlarged plan view of a first

subst r at ®efisrendei mimeralo X edpresests a %rofééfi?@‘ﬁ-lmﬁhﬁl- coVetsSthaiddl Rieders Rldofe Vi €W
of perinmeters of the pixel area shown in Fig. 8. Reference nuneral 101

r epr esenigarednduldifn D, | } Slcd i b Lot
substratg such as a gfggéﬁiggggig@%&§¥ﬁﬁﬁﬁaﬁﬁﬁ@}hgﬂaﬁ%§8 é@%%?%?h st Fate 1
O 1, scan.Li of conductd yve teri sych as. Al are la

paral | el rﬁ{l (L)§ g%%“é?‘% % E@ggéﬂ? i gﬁ%‘/‘ fop -‘%Jdg?:é’rﬁ@?%WFafil‘lm giva‘?%felfef‘%f‘%%ragg%t her .
A gate insulatjon tiIE1i% laid on the first substrate 101 and the scan
lines 2. TRATCASBIS|Y §tER-Sheps fltﬂiﬁ'é’élelﬁifngsﬂ% formedrnuthei first swhsteate 3il. aThelightr e
arranged on the gate insulation film A pixel area 104 (shown in the hatch
li nes i nshieldingfilne Sayprevents Hell fiorm| leaking thrpighe betwedin ¢hes video line 8§ dhd2hand
the video lines 103 are laid so as to intersect with each other

or t hogonaidey eleetnatiez38 lgbeing positieneddrevdy thdieides sine 35 RAS tHelRxaectdge ¥§ deo
lines | 03 corresponds to a single pixel. For each pixel, a TFT 105 as a

swi t chi ngne hl‘bﬂF e &dzeR 0P YiedSideladlecddé BB gg%ﬁg%&&ﬁ&@ﬁhﬂ@ﬂ{}eédb% RERA {o'fe 102

and the video ['ine 103. A pixel electro conprising such a transparent

Fi | m ¢ hat eouerets ik "URF R BURIRHL B S PhGBET: e Mt atsoc fheae "ot

the TFT 10 nd.th ixel el ectrode 106 are connected together electrically
by way o ‘ggt'{f’b‘ﬂ‘i"géﬁﬂ oﬁ Sf‘éf?leﬁr%tﬂiaélﬁ fesf for thsugan lines 3 anddfermegsinithe m
Here, the pixel area 104 al so includes such pixels as so-called dumy

pi xel s WHMBHPECess g and simudirnsouslyewitlf the searslines p2ng Adirstmeeve 19arasidesshibed,

al t hough the structure of the pixel area has been briefly described, the

pi xel ar éaterciarfotieed o thedpikel electtoda 38, rand tauseeond grdove B9bf dsr ddscritied latee is econd
enbodi nents. Scan | ead-out |ines 120 and video | ead-out |lines 130 extend

from t he faramd ih itteegatd Bdulation e 34iadeon i @Sted@ fik 87.0" RMeRACE hlifstat 44 Not

shown) and are fornmed respectively as extensions thereof In an area outside

hown od respectively as extent ereof Tn-an'c
oper at | nir et ighenChint URS of el pitdl dioptS S8 o8 LAGRADY’ Fimaz. 105
It i {hlent ' driwvi .Ci r.cui d I lit f
scan'| P naid BBl 3Eaoriael b Byment bty Stnia gecellvotpan Jes ”or

it is alﬁg possible to use a plurality of driving circuits for feeding
signals t0 the grouped scan lines 102. Although, in this enbodi nent, the
scan lines 102 or the like and the scan |ead-out |ines 120 or the like are
f or med i nt egR&fdrence nungeral 41 represerits o spowsli fubstrate comprising arglaspabsitasd yr by
using different conductive materials and connect them together through

el ectri c#ie lderandds placddfacdriosfacerivitt itheefitst subsphteaakibstan@Aally04 borisheit Gisfafel t S
are used for the video lines 103, and the video | ead-out |ines 130

ext endi ngrofrr e4tht btler. NRiefdreed! nuvhedH043 E@@seﬁ@%l?&enﬁﬁiﬁﬁ ggrglge%g%r% \?heeggﬂi/ser ge

on the corresponding driving circuit. For this reason,

adj acent suisite o adt AL id B8P 1t %nAife URESIRIR! 3 AR WERNE ks id Enid ot r

the liquid cryst di spl'ay device becones i t he
resi st an i, r i n hat | orned .on the s trate matters. Because of
this r eag:g r(})? Ihle\r/ﬁkg &8%§|00§.?p?.@§%&1f3 11v1ggaﬂ é’“ﬁﬁ%‘i ﬁge ?Fﬁ?@rqug}e}-al AB 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, IZO, or the like, and the transparent



which is lowin resistance, the wdth of the |ead-out |ines are nmade as

w de as possible. However, if the wdth of, for exanple, the video |ead-out
li nes 130 are nade wi der, gaps |ying befléeen the adjacent video |ead-out

| ines 130 becone smaller. Furthernore, a snmaller pixel size resulted froma
hi gher resolution of the liquid crystal display device, regardl ess of the
size of the liquid crystal display device itself, nakes the gaps |ying

bet ween the video | ead-out |lines 130 snaller. Therefore, it is highly

possi bl e elentiodead4 frocaverid byah alignbentsfith Bt WekN aligienad ifeess isviudReteli§8d- out
lines 130 by a residue left during the etching process. However, in the

embodi nealigofiertt hfainine i iaCfireclb PéAendiodiar & § d%&vdlpﬁﬂaﬁg‘}uﬁéﬁ? i WRECRCHhE Ve
d at a pla

filmlaid on the video | ead-out ['ines 130 an ce” next thereto. The

Vo on ¢ Reum T 47 QAR ARSI 1 Tkt 6 PrlhdpBL L o mReds |0

possi bl e resi due which is otherwi se covered by the protective
film and3\g/\ﬁ?clsoé§§1€°sé@eeﬁ'short circuit between the adjacent video |ead-out
lines 130 laid on the gate insulation film Accordingly, even if a residue
exists in bethdigHid H‘fé)’sgﬁj layein compising| bawid oerystal mealecules daubming pobitve
circuit therebetween, it is possible to renove the residue through the
grooves 4@8istrimenstestanitotiopy is sand®ichhd betwek a phir obyulseakoB MaAd4 BN Wheki Ng
process after form ng the grooves 108b. The same structure as explai ned

about t heo elederiz fictdds present boseech 30 pixcPElBItiRE 38unkRBe BaRPateRRel: Qi l44nes
120, and, therefore, simlar groovets) 108a penetrating throuegh te e e 44

protectiwR fighim It i j i t he ..scan
| ead-out i ngs 12 _aéifé_l&?fg@iztsd”'?# g‘%%?g@d 9%7 %ﬂvél%@%]ﬂm?i%éﬁ@fbggg - out
l'i nes 13 I er mAal S,n13L. . .Th ermnals 131 .are formed on the
first sugegt&%&g{e 1 %\[gﬂ#ﬁrgéﬁetﬂﬁsrﬁgl aéljdl%sl are® ‘?r]f"a’éﬁ ’F’érlSlPFFéeI?trh?F‘Vﬁeﬂl}]éﬁ

vi deo | ead- ute lipe 138 nd formed on the protective filmlaid on the

vi deo |ea'a‘-eﬁa ctrQ eis 3 tﬁ@t@gm@gqntfe&ctr@%ﬁﬂ: the liquid caystdlguolecued 46 are
conductive material which is used for the pixel electrode 106. At the sane
time, thiclisedimtesengal directivoraleng e electtibfield. d@p. | esdhematicdliyrsbowd 36 by
way of contact holes (not shown) that are formed through the protective
films. Thteteeinowhicht dre electtizofitldaid- Astt prebene bebdnathe fikdl SedtMdeBELLAE WL S are
connected electrically by way of the termnals 131. Here, as the connection
met hod, irhnsparefppéledtide 440 use a connection type such as so-called COG (Chip
On dass) or TCP (Tape Carrier Package) that is produced according to a

o-call ed TA .1 G_:Bondi - l.upe, t he .vi dep | ead- out
isi nes 130 axg_ f(;l%ﬁ g@gggﬁ% ?\aélﬁddr]} \%ﬁ%ut%:l?i?é’ it@‘%tﬁgé);uﬁ%gﬁfmg‘? 3&1@“‘?&% : g 131
el cui ¢ sPORTEr ROl 1id 10n° 4R, GRBE R oo sihvimBohhecihe fist and second |

polarizers 47 and 48 are so arranged that their transmission axes are perpendicular to each

other. 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,
and the direction of the transmission 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



video |l ead-out lines 30 directly to the driving circuits. Furthernore,
since the video | ead-out lines 130 are so forned to converge towards the
corresponding driving circuit anmong a pligrality of driving circuits (not
shown), the video lead-out lines 130 vary in length. In this enbodi nent,
the video | ead-out lines 130 to be connected to the corresponding driving
circuit anong a plurality of driving circuits are forned in such a way that
the central video |ead-out line 130 is the shortest and, the nore towards
the si de 13 lrensnitied threagh thet liduid erysBl layer lcomptisidg the SiqhfNG§ktal BBl-ABOUE

t her eof - 23 becones. As a result, the resistance’is different, In

gener al, intacieariadis tHef ®1GUREA By tHESsekdiiERIArPRAagQuUt |1 nes 130. However, the
vi deo | ead-out line 130 is conposed of a w der portion 132 and a narrower

ti 133; i i ti 32 th \
por i on 133 Far ronapulsdR P RRs B0 and ' bR ff Pk b acsidbecn

rati o of ontion. 133 increases as the | gcation of the video
| ead- out #Fﬁﬁ‘e‘&%@%ﬁﬁ%ﬁ? bejobtie el fisirodhad ara st ebineufficiontetehing wiEn of
this, it Iils glgiisi b#?glﬁfg make a resistance val ue of each video |ead-out line
130 equalti% E2BHEeY, the videookings 3 Svwerg sichedeare ialse etehed dn thet pdriiores 18860 i
made up of the wider portion 132 and the narrower portion 133, and the

resi st ané® grapyes 39n antlS%hi andrremoved therefidth iwhes el pikel eberddae 38 @l sbRACe

val ue of the narrower portion 133 is larger. At the sane tine, because the

rati o beFoedis réaeony ity mpes eifivient 32 tiNBrob & T9 LIVG ) | de
different for each video | ead-out IinegrfSO, it 1s p%%m fdg&?%%ggil(tsg he

<" sandu chen ot sesarine ¥ BRP AeERled the s5nToh e SRETRIE wip kil i 51"

is sandw ched between the first stra 01 an

shown) , : trat re bonded together. ring this process, a
seal i ng gg%ééﬁfgﬁrv g%g%d%“ g‘ﬁﬁga{lwfgﬂ%%? P%g%tsbef:"susﬁ li@g'shléldalglﬁiﬂ‘d@r li ne
134 i ndi calt 31"&/ alfle}rﬁigat Igng and short dashed lines in Fig. 10. This
means t hit ‘“ﬁ cegithg pigee fipe 45 padithequixel elessada 3R and agart of thet pixel sldctrode ed
outside of the border line 134 (towards the side of the termnals 131 ),
will be é%@Bddee seantline 3hef o adiatent pixek overep with each SRS tsb ak Qo ifsms Wigh t hat
has a layer of a color filter that corresponds to the pixel of the first

subst r at auxilidry caparitgnaov &hefedfie, tHeagroave® FoardmaBIe Kk foﬁnéd"ewiﬂijﬁi?ﬁ’e h%gld' out

lines 130 are fornmed so as to extend as far as to the border | ne Thi s

nmeans t helectrodlee38, i @odek hSpossibRSIoI AL ﬁg}ﬁ%ﬁie‘i’d}gg gﬁlg 386F ?%%cgryﬁr%[ %’ te are

bonded together, the grooves 108b arée forne contained Within an area

it Ee\rNgi‘ g ?ef hte’rl;gé ﬁ?éf%?oo%@%a%ﬁh@B&eFélQ&?o%% ﬁqstfgr?ne%ni\ﬁiar l%%re an har?'on\g’shape
along the light-shielding film 33 and the scan lines 32, and is divided in a plurality of pieces.
Dividing the first groove 39 into a plurality of pieces provides a several contact points
through which the central portion and the edge portions of the pixel electrode 38 are
electrically connected to each other so that the entire pixel electrode 38 can be maintained at
the same potential. If the width of the first groove 39a is too wide, the restriction force
exerted upon the liquid crystal molecules 46 is weakened., By contrast, if the width of the
first groove 39a is narrow, a restriction force similar to that obtained without the first groove
39a can be maintained. Each 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 ¢dge (an edge located closer to the scan line 32 or the video line 35)




grooves 108b are not fornmed in an area exposed to the environnent. Since
the driving -24 circuits are, in general, connected by way of the
termnals 131, and a cl earance between-f@e driving circuits and the second
substrate is covered by resin or the like, even if the grooves 108b are
exposed to the environnment, the grooves 108b will be finally cut off from
the open air. This does not necessarily nean that the grooves 108b are not
exposed tgﬂghe open air before the cl earance between the driving circuits
and the séthsragcandneroowt 20b & poeNiOREditWArdI9TidwRls fHA%ek i [t is
possi ble that the cut surface of the res?gue producgﬁkﬁﬁg%gfﬁ%%%g%gggg 108b
are formdg ovtér sidece af @dod RchiRg j di.that cgrrasion of _the video
| ead-out |ines 130 %\éﬁl devel op tﬁ%%ggwa@ﬁesg%lu{mesgé Pé@?. Vigep B’é%é?h?fthﬁl has

a |l ower FKesgl % han, Or . For. thi.s reason, Al is often used in
order to ‘?%gﬁ‘;@gg? %(lé ra%%&?g%eaﬁ(chélsip#yﬂﬁlirﬂau?w 1P, Festayes leftiasige thei groevey SPal

di spl ay hGE ntrar Al is nmore prone to corrosion than Cr. Because of
this rea%ﬁ?%l e%laﬁp“’[?'s#m@&?béﬁ?&% etqyéer\sideeasige @adionwf the seesnd gdoagai nst

corrosi o that will otherw se devel op through the cut surface of the
resi due, 210 t/hed BisBlbibe frg@mociesdemf teaipinet dlectraale 38r@a behideWianowePhnde
exposed to the environnent when the first substrate 101 and the second

subst r at e gesiduss tefieinl tho gmbhes canbe relithiy iegtbvedhe narrower portion 133 is
arranged towards the side of the termnals 131 so that the narrower portion

133 15 T or meNooytoprdeess b (DRAAGIe}dr0nIR8 frk el ST UG e e thie, naEY ovEr

portion 133, with which gaps between the adjace

are maderefedém8lto Fig 70 HA af. &re ere,.th rooves. 108b do not exi st.
As a result, the gg:lps B{e?%elgﬁ t eﬁ§d?é\£@FFE’ @I H‘glﬁl%l% e Jirst Jubstgate 33@ndy e
made w t case i ich the wder portion 132 is forned in an
ar ea mgﬁén’ttﬁgg‘é&rrgg?/%ss%&“ﬂo%&?%‘? ﬂml&lﬁ-S@\lﬁéﬁméﬂm 3eatafomme thrsughof
short ci ra%tuit. glib(rilﬁr structure is applicable to the scan |lines 102. Not
only do RHEMALAY FichEg methodsy Referencs nwverak 48 -representsng sesl@R kehadueeist end

towards the _side of the driving circuits, but also the video lines 103, in

some cadewifieigntesichingianchexteidsefodrn dire Kghpahielding HRh 88 Yo AMRESS ndingZiteas
out side of the pixel area 104 and are connected by way of nonlin€ar

; ; er mégt ??%r?no% gﬁﬂoggd vfn%tgis gbtg%?g,é&fo e aeRnbiBgiR IR $54F A3L84A% 4 Schar 96
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. 1In Fig.
7B, the gate insulation film 34 is laid on the first substrate 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. InF ig. 7B, a portion in which
the TFT 36 and the scan line 32 do not exist is shown in sectional view and, therefore, the
scan line 32 and the semiconductor 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 insufficient 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 335, for example, as an inorganic insulating film. In Fig. 7E, contact



in order to prevent short circuits from being caused by the residue after
etching, in addition to arranging the grooves 108b on the side where the
video | ead-out lines 130 are arranged, -i19-is al so 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 shown in Fig. 8 will be described with reference to
Fig. 11. In Fig. 11 A, Al is laid on the first substrate 101 which is a
subst 1 at &olss (st abeway, thctsecdridgroons d9bhndshaliid RGN diiphiey %ea:gfacésor med
re

t hrough an exposure and etching process. Reference nuneral 11 resents a
resi due b BipICEMthapixel eReWbde 9 is' BHhiy |G LS ofths Bratiqun 4 hat, the
adj acent scan Ieadq)out l i nes 1st are Shif;?a&m{ﬁr}%&!‘){lé%) ?%éeetpﬁcg‘?é%ﬁl§ filwgh
residue I his spFh i lation.film109 ig laid on the first
substrate 1 O 1ran otu% tg%gti?ﬂ?%é%—’e&r}@%l ‘?aflnt gpi’éeé.eqr‘l’?ﬂ@ae, 3§ e #ise faaned by

| ayer is i th e in tion film 109, and an insul ar shaped

sem condﬁ%ﬁ#’ ﬁlgfg?lg'ﬂ‘%% ?WO%Le 13 the gioxes 3 ansl 3Gk ami #ighesamé mepadlsat a
pl ace fac{g‘? %?t}ieq%?te el ectrode. In Fig. 11 C, Al layer is forned on the
gat e i nsGicAFd arf remawedobecansecAl pan be eigbed brasingithé etohant 1R, is tisel RPUZOE

el ectrode, the drain electrode (not shown), and the like are formed through

exposur e Cansequenlyi Hy. reftdtiasr 4hieated elos thblfxsleMcRoae B afe BRSO H oy 25 2
result of faulty etching, and the adjacent video | ead-out |ines 130 are

short - ci thedigheShieliges fith 33y ahdiehd ?e%.idﬁeﬁ_séfié?aééq‘g%ig&g#& gpggél gfecﬁhget ggtai:_}eve

film 110 conprising an insulating materia

i nsul ati a@cdﬂngmgﬁgnptﬂgvfdggh}%ggo | ead-out lines 130. In Fig. 11 E, a
contact hole (not shown) iIs forned at a predeterm ned place through - 26

t he protecti ' 10 or..,the gate_ins tion film 109 by perform ng an
et chi ng procégs({eg‘lf){]gf: #h%n‘fehﬁhg gﬁ?(g’(?égg? a’t“ﬁé%?‘@oﬁ?%e‘l%@ ared inner sidg of ébet t o
t he scan,.l e%ag.- ?(*Jt 'bq%é 20 and the grooves 108b are forned next to the
vi deo | eligftsitielding 8 0 é%%@%%iemngmgm fatdisrbgloyothetpixed eketrode3 8 emi kbues
112 and 113 which are nade of Al can not be etched during the etching

process fis¢onnpgtedyrelinblytftone edchl wirihgGines Which esitebess folidaintithigd 3 hadh&lid
i ntact and exposed in the grooves. In other words, these grooves 108a and

108b peneualigt e Rurthemgite,ait be@asds JRSIbR' ©BLBER itH@li%ﬂtlsmeHiﬂg Zigl\'g %33@ tﬁ@tm%e

insulation film 109 which are laid on or over the scan rnes 120

and the bicdese theatooved 394 BES 385 %re A04hoBE $n RYAPRSETer Qe SK &%ﬁigﬁgsﬁigﬁing

resi dues
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 effectively
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 lines 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



112 and 113 out fromthe protective film 110 or the gate insulation film
109. Al though, as shown in Fig. 11 E, the grooves 108b are fornmed in the
gate insulation film 109 where the resiziue | 13 does not exist, it is
possible to formthe grooves 108b so as to penetrate only through the
protective film 110 by devising an appropriate etching nethod. In Fig. 11
F, 1ZO layer is fornmed on the protective film 110, and the pixel el ectrodes
106 and the termnals |31 (not shown) are formed in predeterm ned shapes

respect i veisyandiht€xle FtohCod dhottieg.Ni AGatePusul Aibn! flhSis P4iQ 08 Ho fiREGDIGRe 1 DE
etchant used for renoving |1 ZO can al'so renove A, the residues 112 and 113

left in a . o) v, e f

al i gnmantgllkikfiﬂrfl’rm&?irilgtﬁ1 e%%wn &I%S i‘ﬁ%&%%‘?’{ég %4%5%?%(%?6}% gﬂéke?lghgf‘%bar ? not
shown) and_th rotective film110. In general, it is difficult to etch Cr
and | ZO gfr?ﬂﬁeﬁgﬁéfg%%q%ﬁlwla{‘ﬂ? glrﬁ'onbi nation is actually used. However,
because Al and | ZO can be etched by the same etchant, it is possible

wi t hout t aki dyPixek areq bP4 (shpwanp éhf‘gf{‘ﬁ@h LinescintFig. $reompsises o plusality of pixels.
residues 112 and 113 by forming the scan | ead-out lines 120 and the video
| ead- out The rsean lises b2 asd ibe Addeoalinkst WBnameglaidhso ps e lintetsectt withl eadl) 6they
using 1ZO. As described, according to the present invention, it is not

necessar yrthegoralg g a rdgidh CakRUndydobR Ihe fs0dn 1iQEPV0DGntiBe ragddlas 16t in
t he grooves 108a and 108b, because the residues -27 112 and 113 can be

removed gbﬁés?gndshﬁ) Rr ﬂﬁé)iﬁ’él‘ f PETelh Efi@l ] ?@IT %f%raog@it%iﬁﬁ%te%r}eﬁfqg S€,

W t hout departing from spirit or scopé of the 1nvention, ypes of

enbodi e . those defined hereinbefore e also ssi. bl For exanpl e,
Tt he cHsyedot b S AR Be o o€ BRanfulSREE . oBE e
of A, anld tﬁtlfie g;t{jel el ect r‘%ge is formed of |ZO,_other conbinations of

mat er i al §CEERAeLEIQ CURPHRE $urE Dirarsparenbelestsers as MO icaranged 08 2 pigtective
video lines as long as they can be etched all at the sane tine. Al though

t he examplme compeisingesa iapdoteng o dhatfcovers e video dinas 103 and tHeOPFENtDX heh vi deo
lines 103 by using Al, a nultilayer structure of Al, M, or the like is

al so posdidi elécirodorafathebTFTt 105 ané! thetpikelatleciturtieet06 Qife WohhectedOrdgstheaken
into account. Furthernore, it is not necessary to renove the residues from

t he gr oo¥Rstridhlly Bf“%?r&' alcoARcIAS 10N thaPlsBim&] BpduoRdRe O{:)l%tt(‘{?ﬂ('érﬁﬂ’ré. FEre

exanple, if the pixel electrode is formed by using I'T en t resi dues
wll be 0 r i : fter,atching. | 1TQ. .15 the scan
eadout THonBect oot RA°HAE iy fidh BREF o5 sl Boiply Piplichmish P

di fferent erials frgm.each other, it is also possible to nove, t he

resi dues a‘ftﬁgliye‘bslcalﬁv %@ﬁ?’ﬁ?&?ﬂ@o%pﬂﬁ?%ﬂ@v@h@ﬁﬁ“& g’@égé‘%%‘?e ©Bixglarea

al though the WA type and the TN type have been described in the

enbodi meR#ssbeenieflydeseribed, the nixel siregrean; beaformed dn sghes stryhiers as fim ghesfinst al
applicability According to one aspect of the present invention, the grooves
are for meund the se¢vmdpmbiodimente fi |l m and bet ween the adjacent video |ines or
in the pixel electrode close to the edges thereof instead of formng the

grooves bet wsSesn ldagd-opt Kods Eloefidr vider RagdotihBnasi BOQxkdndefront M scah Migies €@ dues
resulting fromthe video lines or the |ike being etched insufficiently are

remved Bid W viako Yes A099Y &SarivifE QLD shbln) Sn® RS KB Ok AR Eas

resi dues of the video lines or e grooves an

short ci e F11_be ot herwi.se . .-28 S bgt ween t he resi dues and
ot her i %gtg{,&%é/sgﬁgrf& Jtnhaen pF%(Ee“F‘glg%Mg%et Pléﬁear?asf@;dgﬂfﬁvg}%%r at %qrtsfle | aps
wth the videa |ine .or t ight-shielding filmis formed between the pixel
el ect r od &3 89?rr9€ewl&§6hth%J§. H)EJP’E%‘S? H%S‘rsé;g“ LyeSfl(QP@pﬁ&\qY-}Qecgl&f:ﬁ 103.nelf 1ng
the video lines by using Al and form ng the pixel electrode by using |ZGQ
it beconPassitle t wea singleddying gireniharangeddarte nltwalityofescan besri02 and fesdth i f y
t he manuf acturing process.

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



Mor eover, the grooves are forned next to the |ead-out |lines that extend
fromthe scan lines or the video lines to the driving circuit, and the
resi dues that are produced and | eft betdken the adjacent |ead-out |ines
because of faulty etching can be renoved by way of the grooves. Therefore,
it is possible to prevent a short circuit from being established between
the adjacent |ead-out lines. Furthernore, even in case the gaps lying

bet ween the adjacent |ead-out lines are made snaller and, as a result, a
ri sk of # ihsq pessitleite foum rtherassepiraiebhby uatg\differdnt condijaive nhatkeals agat

| i nes becones higher, the residues can be renoved. Consequently, it is
possi bl ecormept theeegetlee throggt electtigaltcahtadisspl ay devi ces of |arger sizes,
smal | er sizes, or higher resolutions. In addition, since a work by which
short - ci r cui Tgehipefibbdi f - | L i a,fepair
process is not requir e?%gg aa%@{tfg’@ﬁgﬂ’fg éll{b%?tg%egg%lﬁb@ }éﬁ%o\%g%doplﬁ%snl(gnd
sinplify L.y oce a t.her.eb reduce,.cqst.. .As described, the
| i qui d c?@c{s]'?}éelr e@lgg d?%%e@?ege% e’ftﬁ%&ﬂg ﬁ:‘éoé%ﬁg‘? ﬁ%}‘}al‘ﬂn"lﬂ%& gy 103 are so

af or enment i oneﬁ advant ages .and can be used not only for portable termnals
and t el effTEIE5H YEARCERSON Hig: comtesrpndgig draving giscuity p ior $his aqaspn, gape betwisan
require a,di S?I ay. -29 CLAIMS 1. Aliquid crystal display device

conpri si Adjacent gidee lesd-ay nes H0are made syallerguiMoreoves;ithe lasgealthelliquié calomal ween;
pi xel electrodes arranged in a matrix-like formation on one of the

subst r at display ievicé bengnees émring, the moresetiedsly the fesistaheeadf wiHAE R0 4 rméd on
plurality of video |lines connected to the switching elenents and | aid

subst ant thelshsties @bit@k. t Becase &MRIsh8isondinPldultfdhith %siﬁ% R%ARirld r}ﬁicrcfeﬁ NRect ed
I he V) de6 ]

to the switching elenents and | aid perpendicular to I'nes; and a

rotecti ¥&idhi ke t ideo l.ines and, the pjxel .
gl ect rod‘é(lgl,c]il\lxllrklgzr)dt\aliqher%3 g\zgél\?cgdg% | nes&glr%eiéfig"loat Pepedtp made s W@F\ﬁéé??sflhlé' pi xel
tective filmbetween the two

adl acent POPAES: 1THSAES ot for aaies Hsido fradionh josioldter smade widen esp
claim1, wherein each of the pixel electrodes is connected to two of the
swi t chi ng8 ﬁ%‘f?@%.tﬁg.adﬂcmtqﬁlﬂﬂo deagseut| linfiss Pilapecione smabds. cFaithachorey | ai m
1 : smaller pixel size resulted from a higher resolution of the liquid crystal display device,
regardless of the size of the liquid crystal display device itself, makes the gaps lying
between the video lead-out lines 130 smaller. Therefore, it is highly possible that a short
circuit is caused between the adjacent video lead-out lines 130 by a residue left during the
etching process.

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

a residue exists in between the adjacent video lead-out lines and causes a short circuit

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



wherein, as seen froma direction normal to the substrates, the groove is
formed along the video |ines except in an area where the scan lines are
laid. 4. Aliquid crystal display deviegas clained in claim1, wherein a
gate insulation filmis interposed between the video lines and the scan

i nes, and -30 a groove is fornmed in the gate insulation filmat a place
corresponding to the groove fornmed in the protective film 5. Aliquid
crystal display device as clained in claim1, wherein the video |ines and
the pi xeFhast eisquitdyeperforminganretdhing pusiesgafierdbrmimpahé alooveRISHC AThbgarheMoved
by an identical etchant. 6. Aliquid crystal display device as clained in
cl ai m 1, stnivtureian explgined about tivesd@ad-Ber Mied 890 kd A% &fthk ) and
the pi xel electrodes are forned of 1ZO 7. A liqui ecrystgi;?{ﬁa?%%{“gynasevi ce
conpri si 020, aadPBiefeféle, SMABE LASRR | eI rwst.al seal.ed .t her ebet ween;
pi xel el ectrodes arranged i a n%?raﬁgtg?e{#gﬂ%?l%#}b eo?fogeﬁhv%ﬁhf‘ﬁé‘g the
substrat g5, :.SW.t:chi nent s npected to the pixel electrodes; a

plural i tgég%ﬁmahgﬁhpﬁﬁ‘gés 88%418‘8{%3%“%"%‘8&@&»% Aglel enents and laid
substanti al | y. allel to one another; a plurality of scan lines connected
to the sw tc‘ﬁﬁgﬁZ{)a aé}@ﬂ%fge‘gh’anwmmommmmﬂ@aﬁr@n lings 1 Hesuricsedingiteresnaland a
protective filminterposed between the video |ines and the pixel

el ect r odbyl: wher erminglst | 31s aregfarmmed dns thieofirse dulsstdast 201.i Bhd Yerpmivald 181 ated t he
video lines in the pixel electrode near edges thereof, and a second groove

i s for meprovided ffier the indivitiualevidéd MadbuBlinls G0 260 rfaﬁ%aoaﬂih@gn&@cﬁd%eﬁlm faftf
gr oove. -31 8. Aliquid crystal display device conprising:

on the video lead-out lines 130 by using, for example, IZO, an identical conductive material

which is used for the pixel electrode 106. At the same time, the terminals 131 are
connected to the video lead-out lines 130 by way of contact holes (not shown) that are
formed through the protective films. Therefore, the video lead-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
Glass) or TCP (Tape Carrier Package) that is produced according to a so-called TAB (Tape
Automatic Bonding)-type. Although the video lead-out lines 130 are connected to the
driving circuits by way of the terminals 131 in this embodiment, it is also possible, for
example, to form the driving circuits directly on the first substrate 101 and connect the
video lead-out lines 130 directly to the driving circuits.

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

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



a pair of substrates having liquid crystal seal ed therebetween; pixel

el ectrodes arranged in a matrix-like formati on on one of the substrates;
switching el ements connected to the pix23-electrodes; a plurality of video
| ines connected to the switching elenents and laid substantially parall el
to one another; a plurality of scan lines connected to the sw tching

el ements and | aid perpendicular to the video lines; and a protective film
i nt erposed between the video |ines and the pixel electrodes, wherein a

first grbescedss Asrameshls ulistesistaned isydiffarent, liglgehdrall ife by U8 AhidAgShd Bidkhe
pi xel el ectrode near edges thereof, a second groove is forned rn the

protecti ¥adfout théd 130, PIERSRvER rtﬁ@@iﬁ@@%&ﬁ%t& q’in%; H?Rflé E(ar%g(?s:_e&) %\f%’mgera%or{i%n be

light-shielding filmis formed on said one o e s ates s
position I ihes and the pixel, elecgtr S din an
i dent i ca?gzp an%%O@ﬂgpo\é{égﬁ??#,ntgg,atg;ﬁ@ct}vﬁ@ r‘?f’ergv%e%?gﬁanf nagewsY

roove are.positi.oned closer to center of a pixel than the
|gi ght - s hP%ﬁ"gPﬁgg £9r 53¢ §‘.de%?%dq<tﬂt gne [ y< isspady @ﬁ%@yﬁ@@d itecratig of thei nardween

claim7 or 8, wherein a gate insulation filmis interposed between the

vi deo | i R¥408 1d3tiRereases s |the: decatiom @f sheyvisleo deddsovtdineetBa shifthérogatie side
insulation filmat a place corresponding to the groove -32 fornmed in the
prot ect i (eavards the ceter. A A guesiltcofythisalit idipppdibly t0analeen askistdndé WENe iof egdr2i M 9,
wherein the video lines and the pixel electrodes are formed by using such

mat er i al sidedivad anNkiRe] JESGULES dh% aaBthed e Th 0Bk “}%}cﬁbaﬁtvide’ofieaﬁo&tilﬂxgilgg‘ﬂ yst al

di spl ay device as claimed in claim10, wherein the scan lines an € vi deo
1 "eryes of e i EoR 18 o RELAGH A8 gt e T
conpri si e Wid&P 89&%8}91‘53 isrr%}n%ﬁiera Lm 91% rfegirstrragge %'mg %(ta’ ﬂ'?ef narrower portion 133 is
larger. At the same time, because the ratio between the wider portion 132 and the
narrower portion 133 is made different for each video lead-out line 130, it is possible to
adjust the resistance value for each video lead-out line 130.
Moreover, liquid crystal is sandwiched between the first substrate 101 and a second
substrate (not shown), and the two substrates are bonded together. During this process, a
sealing material for bonding the two substrates is applied to a border line 134 indicated by
alternate long and short dashed lines in Fig. 10. This means that parts 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 second 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, therefore, the

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



substrates; a protective filmlaid on the wiring Iines; a pixel area
conprising a plurality of pixels each of which having a pixel electrode;
and anot her of the substrates facing sa24l-one of the substrates with liquid
crystal sandw ched therebetween, wherein grooves are forned in the
protective filmnext to the wiring lines outside the pixel area on said one
of the substrates. 13. Aliquid crystal display device as clained in claim
12, wherein the %gooves are formed between the wiring |lines adjacent to

each ot heircuits arg3n general, ¢amectad by yeyalf th SRhAMISABY | SR Aslefrhade Befvidh fb al M
12, wherein the grooves are fornmed at such a place where, when said one and

anot her dfivinpeirsuibsdndahe Secoh@ sNMEARMs LBGGENBY residI6r GE ?ﬁg,ealgﬁ irif;thg %0031?9 osed

to open air. 15. Aliquid crystal display device as clalne

clainms 1% e i I lnes..are.farnmed af. Al ., and the
pi xel el ecgtbrléci)agﬁlimge%gort#e ﬁ{é? 6#(%? ’quﬂg{oﬂ(}% L]duq%dmyra[ﬁ?sq y(ffPE%&%’"H% 0pgn
conpri si pg: .pal.r. of substrates having liquid crystal seal ed therebetween;
a plural iﬂ 'y —@}lpg\nbési S W?%é@llxmiﬁﬁtﬁge groe¥eial 18b; aye netegxpesed todhelopasraied on

one of s&#d pair of substrates; |ead-out lines for feeding signals to the
wiring | PHEE hR¢leaxanss dereens bendrivingairquity anil ths second rsubstrage is coveredsby a
protective filmlaid on the |ead-out |lines; and a pixel area conprising a
pl ur al i tigsigforthedakes, Thiewsferenit iswoskibhecthanthe butnaffacs of thoreiRie pridRbAEWhGE

pi xel area, and grooves are formed in the protective filmnext to the
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wherein the grooves are forned between the lead-out [ines adjacent to each
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resistance value than Cr.  For this reason, Al is often used in order to reduce the resistance
in wiring in a large-size liquid crystal display device. Contrary, Al is more prone to
corrosion than Cr.  Because of this reason, it is possible to protect the video lead-out lines
130 against corrosion that will otherwise develop through the cut surface of the residue, 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 the 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



-34 thereof. 19. A liquid crystal display device as clained in claim 18,
wherein a ratio between the wi der portion and the narrower portion varies
for each of the lead-out lines. 20. A FRfuid crystal display device as
claimed in claim19, wherein each of the | ead-out |lines extending from each
of said plurality of wiring lines to one of the driving circuits
corresponding thereto is arranged such that the ratio of the narrower
portion thereof increases gradually as a length of the |ead-out |ine

beconmes shuideest.the hixeParea d 04 And aySEdinected By aVaylsadifinds e éd]ca‘ﬂ gim
20, wherein said one and another of the pair of substrates are bonde

t oget her shart KRS for BLev@hany 8s efé&ﬁoét&fé‘&gcéﬂ}ﬁegdea?%%ﬁf&ﬂ %Ecajrﬁ Otln‘atﬁﬂ‘l-"c g to

open air. 22. Aliquid crystal display al me claim

wher e| n f n ea I hat osed ,t.0 open
air. ‘irh@rd:éﬁﬁolr@ cryst(grr bg&sl{SI%ﬁy? ég%gggusﬁg bﬁé Frsigup ﬁﬂﬁrn‘g gdpé‘flﬁsﬂé‘m% to
22, mher the rise _scan |l nes and video |lines, the

| ead- out ?Cf e ogé(essﬁ@i’ qr’e"gg siggtwherebg videp dendraig lipeohiG are aganged it nes
and vi deo Iead out | ines extending fromthe video |ines, the scan lines and
the vi de® 3lshpassihle ko arsange\the Brosaesh ] Qftbhesxt tethe videBnesui cthanexteidetoethe s
connected to the scan lines and the video |ines, and pixel electrodes
connect edﬂleosldhenctwtmdhthcg)mdlaraants are formed in an area where the scan
lines and the video lines intersect with each other. 24. Aliquid crystal

di spl ay devi dNexgs grbédssed farthing Riyeis 2BowH/as h @k dks lsB&i o'ﬁca%l} ﬁ?edc t and
the video | ead-out |ines are lgéorz\ed of AI andst he1 i xel” e ec'(tt?os zlfe

1 O It 0, A e
conduct i y@osﬂ'gtteelroll a&hlgﬁ] is a substrate of glass or the like, and the scan lead-out lines 120 are
formed 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 residué 112.

In Fig. 11B, a gate 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



I nsul ating substrate; formng an insulation filmon the insulating
substrate and the scan |ead-out lines; formng a plurality of video

| ead-out lines by using the conductive-2aterial on the insulation film

| aying a protective filmon the insulation filmand the video | ead-out
lines; formng, next to the scan | ead-out |ines, grooves penetrating
through the insulation filmand the protective film formng, next to the
vi deo | ead-out |ines, grooves penetrating through the protective film and

form ng, therproteetiver filned0 ve thid pare insulativAsid €09 b ipefoRAmsamSétBing process.
conductivity, wherein the conductive materials exposed In the grooves

formed nBing thit PRcERMNe pERRO 108 ér@?%g/r?eg?lghfl‘tr?ttﬂgs&ﬁgtga\ﬁgcg{tfh%ﬁnm%?& e °

the video | ead-out |ines are renoved g. -

fabri cat | AU t ' vice as clainmed in claim?25, wherein
the cond ctiv\?;seid%t éérgifgﬁq%s ﬁqulgé tg%iggltef agh%%jﬂngﬁtl% ir?%eﬁb‘@gyesgﬁl qging so,
conductiyity is formed of | nd the conductive materials exposed in the.
gr ooves erch%ﬁ tg%rqsgﬁg% U& %@Gdﬁ“& g{e(}mq@g%pﬁ:l(gegggt Begiehaddupiag theratehing or
etching said | ZO_ 27. A li c1ui d crystal display device conprising: a pair of
subst r at BOcess\fpmte prefactivechilys 1 H), thergsisues hEX st \demn;lefh intact @hd arpased in
conprising a plurality of pixels having individual pixel electrodes

ar r angedthergraovest r Inxethéetkwofdsy theseé grooves D08 0l 1086 feubBite WrdGgh 8Wehdt the 0
el ements connected to the pixel electrodes; a plurality of wiring lines

conpri si p@tectivgfilin alld byd O ghtetnsulhfidn £n CONRBIhESe LR b Br SV HiRicRg gl ement s
and laid substantially parallel to one another, and a plurality of scan
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are | ai oV B8 Wy O BB Be pteletve o Rair tf et mobleSon Aim 08 o Peoteb. for o

in the protective film between the two adjacent video |lines, and,
shown in Fig. 11E, the grooves 108b are formed in the gate insulation film 109 where the
residue 113 does not exist, it is possible to form the grooves 108b so as to penetrate only
through the protective film 110 by deﬁising an appropﬁafe etching method.

In Fig. 11F, IZO layer is formed on the protective film 110, and the pixel electrodes

106 and the terminals 131 (not shown) are formed in predetermined shapes respectively by
exposure and etching. During this process, because the etchant used for removing IZO can
also remove Al, the residues 112 and 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 I1ZO
simultaneously if this combination is actually used. However, because Al and IZO 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 1ZO.

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 108b, because the residues



outside the pixel area, grooves are fornmed in the protective filmnext to
the wiring lines on said one of the substrates. 28. A liquid crystal

di spl ay device conprising: a pair of s®strates having liquid crystal

seal ed t herebet ween; -37 r a pixel area conprising a plurality of pixels
havi ng i ndi vi dual pixel electrodes arranged in a matrix-like formation on
one of the substrates; switching el enents connected to the pixel

el ectrodes; a plurality of wiring |lines conprising, a plurality of video
lines copmegidadsican b enswel @iiing ! Ro®es of fndidgahe pixebatarideabby paral |l el
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wiring lines outside the pixel area. 29. A liquid crystal display device
conpr i si elgetradepiai forméd SAHZO; atles doanhimagions wfiirdateriglstcan beewded dior tike pixel ween;
a pixel area conprising a plurality of pixels having individual pixel

el ect r odglsctaddeaih@adan Minés, AR &ﬁdviﬁédﬂﬁnés%smah% @P iy @nebeadtchedenlisatlibd sates;
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el emrents and I d substantrally parallel to one another, arid a plurality
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extending fromthe wiring lines.to iving circuits; ..
gompatibilgty&in electnc%l connection wclitli'l I\QO 95 tai(en into account. Furthermore, it is

not necessary to remove the residues from the grooves at the same time when the pixel
electrode is formed. For example, if the pixel electrode is formed by using ITO, then the
residues will be removed by another etching process after etching ITO. If the scan lead-
out lines 120 and the video lead-out lines 130 are formed by using different materials from
each 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
protective film and between the adjacent video lines or in the pixel electrode close to the
edges thereof instead of forming the grooves between the pixel electrode 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



-38 an insulation filmfornmed on the scan lines; and a protective film
formed on the vide lines, wherein, in the pixel area, two video lines are

| aid side by side between the pixel el€z8+odes and a groove is fornmed in
the protective filmbetween the two adj acent video lines, and, the |ead-out
lines are forned outside the pixel area and anothex groove is forned in the
protective filmnext to each of the lead-out lines. 30. Aliquid crystal

di spl ay device conprising: a pair of substrates having liquid crystal
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groove i stchant andlsimplifi thepnafuEadtiritgy pro¢ess.i N an area thereof corresponding to
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grooves. Therefore, it is possible to prevent a short circuit from being established between

the adjacent lead-out lines.

Furthermore, even in case the gaps lying between the adjacent lead-out lines are 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 extra 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.
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a second groove is formed in the protective 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.

9. Aliquid crystal display device as claimed in claim 7 or 8,
wherein a gate insulation film is interposed between the video lines and the scan lines,
and

a groove is formed in the gate insulation film at a place corresponding to the groove
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that can be removed by an identical etchant.

11. Aliquid crystal display device as claimed in claim 10,
wherein the scan lines and the video lines are formed of Al, and

the pixel electrodes are formed of IZO.

12. A liquid crystal display device comprising:

a plurality of wiring lines comprising a conductive materié] and formed on one of
substrates;

a protective 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,

wherein grooves are formed in the protective film next to the wiring lines outside the

pixel area on said one of the substrates.

13. Aliquid crystal display device as claimed in claim 12,

wherein the grooves are formed between the wiring lines adjacent to each other.
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the pixel electrode is formed of 1ZO.

16. A liquid crystal display device comprising:

a pair of substrates having liquid crystal sealed therebetween;

a plurality of wiring lines comprising a conductive material and formed on one of said
pair of substrates;

lead-out lines for feeding signals to the wiring lines and extending from the wiring
lines to driving circuits;

a protective film laid on the lead-out lines; and

a pixel area comprising a plurality of pixels,

wherein the lead-out lines are formed outside the pixel area, and

grooves are formed in the protective film next to the lead-ouit lines.

17. Aliquid crystal display device as claimed in claim 16,

wherein the grooves are formed between the lead-out lines adjacent to each other.

18. Aliquid crystal display device as claimed in claim 17,

wherein the lead-out lines comprise a wider portion thereof and a narrower portion
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the lead-out lines.

20. Aliquid crystal display device as claimed in claim 19,
wherein each of the lead-out lines extending from each of said plurality of wiring
lines to one of the driving circuits corresponding thereto is arranged such that the ratio of

the narrower portion thereof increases gradually as a length of the lead-out line becomes

shorter.

21. Aliquid crystal display device as claimed in claim 20,

wherein said one and another of the pair of substrates are bonded together so that the

grooves are formed at a place that is not exposed to open air.

22. Aliquid crystal display device as claimed in claim 18,

wherein the narrower portion is formed in an area that is exposed to open air.

23. Aliquid crystal display device as claimed in one of claims 16 to 22,

wherein the wiring lines comprise scan lines and video lines,

the lead-out lines comprise scan lead-out lines extending from the scan lines and
video lead-out lines extending from the video lines,

the scan lines and the video lines intersect with each other, and
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24. Aliquid crystal display device as claimed in claim 23,
wherein the scan lead-out lines and the video lead-out lines are formed of Al, and

the pixel electrodes are formed of 1ZO.

25. A method for fabricating a liquid crystal display device comprising:

forming a plurality of scan lead-out lines by using a conductive material on an
insulating substrate;

forming an insulation film on the insulating substrate and the scén leéd-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 penetrating through the insulation
film and the 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,
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the conductive materials exposed in the grooves are also removed through a etching

process that is performed for etching said 1ZO.

27. Aliquid crystal display device comprising:

a pair of substrates having liquid crystal sealed therebetween;

a pixel area comprising a plurality of pixels having individual pixel electrodes
arranged in a matrix-like formation on one of the substrates; |

switching elements connected to the pixel electrodes; ‘ :

a plurality of wiring lines corﬁprising, a plurality of video li%les connected to the
switching elements and laid substantially parallel to one another, and a plurality of scan
lines connected to the switching elements and laid perpendicular to the video lines;

an insulation film formed on the scan lines; and ‘

a protective film formed on the video lines,

wherein, in the pixel area, two video lines are laid side by siéle between the pixel
electrodes and a groove is formed in the protective film between th+ two adjacent video
lines, and, é

outside the pixel area, grooves are formed in the protective ﬁl{ln next to the wiring

|

lines on said one of the substrates.
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28. Aliquid crystal display device comprising: j

a pair of substrates having liquid crystal sealed therebetween;
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10" L710% & ( bwitBf®Gements connected to the pixel electrodes;

a plurality of wiring lines comprising, a plurality of video lines connected to the
switching elements and laid substantially parallel to one another, and a plurality of scan
lines connected to the switching elements and laid perpendicular to the video lines;

an insulation film formed on the scan lines; and

a protective film formed on the video lines,

wherein a first groove is formed substantially parallel to thé video lines in the pixel
electrode near edges thereof and a second groove is formed in the protective film in an area
thereof corresponding to the first groove, and

another groove is formed in the protective film next to each of the wiring lines

outside the pixel area.

29. Aliquid crystal display device comprising:

a pair of substrates having liquid crystal sealed therebetween;

a pixel area comprising a plurality of pixels having individual pixel electrodes
arranged in a matrix-like formation on one of the substrates;

switching elements connected to the pixel electrodes;

a plurality of wiring lines comprising, a plurality of video lines connected to the
switching elements and laid substantially paralle]l to one another, and a plurality of scan
lines connected to the switching elements and laid perpendicular to the video lines;

lead-out lines for feeding signals to the wiring lines and extending from the wiring

lines to driving circuits;
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wherein, in the pixel area, two video lines are laid side by side between the pixel
electrodes and a groove is formed in the protective film between the two adjacent video
lines, and,
the lead-out lines are formed outside the pixel area and another groove is formed in

the protective film next to each of the lead-out lines.

30. Aliquid crystal display device comprising:

a pair of substrates having liquid crystal sealed therebetween;

a pixel area comprising a plurality of pixels having individual pixel electrodes
arranged in a matrix-like formation on one of the substrates;

switching elements connected to the pixel electrodes;

a plurality of wiring lines comprising, a plurality of video lines connected to the
switching elements and laid substantially parallel to one another, aﬁd a plurality of scan
lines connected to the switching elements and laid perpendicular to the video lines;

lead-out lines for feeding signals to the wiring lines and extending from the wiring
lines to driving circuits;

an insulation film formed on the scan lines; and

a protective film formed on the vide lines,

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 protéctive film in an area
thereof corresponding to the first groove, and

the lead-out lines are formed outside the pixel area and another groove is formed in
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