., e3e#| <! 4p! " 6" T#Zb- TI TLE OF THE | NVENTI ON SEM CONDUCTOR DEVI CE, ELECTRONI C
"CIlRCU T ARRAY SUBSTRATE PROVI DED W TH THE SAME AND METHOD OF MANUFACTURI NG
THE ELECTRONI C Cl RCU T ARRAY SUBSTRATE CROSS- REFERENCE TO RELATED

APPL| CATI ON [0001] This application is based upon and clains the benefit of

priority fromthe prior Japanese Patent Application No. 203‘“ mmmm “NW“I ed

on Decenber 15, 2003, the entire contents of which are inc N this

appl i cation by reference. TFTEEDO THE INVERNTHON0002] Thi's I nygpsd on

rel ates to a seni conductor device including a senmiconductor Iayer arranged

apart froman electrically conductive layer or line, an electronic circuit
.array substrate Brovi ded with the sem conductor device and a net hod of

manuf act ur iSGMHS @FEHG'SQR REVIGE, thEQTsfﬂﬁé‘ﬂ(ét@lRBmYF THE

| NVENTI ON [ 0. 003 UI d crystal display devices as flat panel display
devi ces are prov @IH@I &‘nﬂ EaBB\Q%EDﬁDu‘MIE’rI'@éFHE SIAME &N D

METHOD OF MANUFACTURING THE ELECTRONIC CIRCUIT
~ ARRAY SUBSTRATE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based _ubon and claims the
benefit of priority from the prior Japanese Patent Application No.
2003-416676, filed on December 15, 2003, the entire contents of

which are incorporated in this application by reference.
FIELD OF THE INVENTION

[0002] This invehtion relates to a serhicoxi_ductor device
~including a semiconlductor layer arranged aplart ffom an élec_trically
conductive layer or line, an electronic 'circﬁit array substrate
provided with the semiconductor device . and a method of

- manufacturing the electronic circuit array substrate.

BACKGROUND OF THE INVENTION

[0003] Many liquid crystal display devices as flat panel

| display devices are provided with sandwich structures of electronic

1
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.cirguit array substrates, counter substrates and liquid crystal
conpositions as shown in Japanese Patent Publication 2000-187248
(particularly, see descriptions at pages 4-6 and Figs.l-3), for instance.
The electronic circuit array substrates include insulation substrates such
as glass plates on which pixels ,are configured ina matrix form Each

pi xel contains a set of red, green and blue color-display dots, for
instancecieadh afrrahi shbistedtules caupiteel sabetidtede areh Hgeddr ceyseglaci t or
and thin-filmtransistors. [0004] Further, island-like polycrystalline
silicon fcolfpositiond astsdivoen iardap aneed Ratentel abbichtion 00i0-¢87R2 48 r ay
substrate. The silicon filns are covered with a gate insulation filmon
whi ch, i fpayticulaghnniseg ldesesiptaoneciaed pagedat4 6el £edr dugs, 133 pofmd. |
Auxiliary electric capacitor lines are provided apart from'the scanning

| i nes butinetahée. Thleeliersrd@id Sitcliit Arrh9 WP stthte sGa0NMAG ihkGbstidmd t he
auxiliary electric capacitor lines are coated with an interlayer insulation

filmthreudtyhiadsaeht #€iglhos @adse ommehichi gialls!dmesoafigurednas aon the
interlayer filmand are electrically connected to the polycrystalline
silicon lnayeFixt HoomghEbk® garedCéonttias ian swhi 60 @I Clgireeal land dldect i ve
materials are filled. [0006] The array substrate is provided opposite to

the countcelosdispYaat ed oy, Cfor Helsydase Areddis Wiakipiehsubsladts aupixkals a
gl ass substrate and color filters fornmed on the insulation substrate. 2 A

liquid creysttlodegmipslédinic baFB@icbbehueﬁﬁxﬁ-bﬂnﬁkﬁgﬁémbes.ci rcuit array and
counter substrates and is sealed at circunferences of the substrates by a
sealant. [0007] The liquid crystal display device described above needs a

| ar ge nunber of pixels to display a mass of data. A color liquid crystal

di spl ay device of[0004 Fyi€herNislaidd-till@pholysaq stallidePeisyinlfilgReput er
"requires red, green and blue col or-display dots per pixel so that its

el ect r onifgr GnkEahte AlrdyfortRed 'ot @ HBUEledtRoRIO Wi FGEi tWa £ P &N Akabd] | i Ons
of pixels with them[0008] D splay requirenments for such a liquid crystal

di spl ay g eelibew fihRerareeenttyd Gritheaiaft iRshBMebn O SHGRhIGRUI r enent
is to have as little point-defect pixels as possible or no point-defect

pi xel s. lih it&@rnhoye@hin@eXlin®@elcyndidctbaultd patsaBldagbdes dispbsedr ystal
di splay devices with little or no point-defect pixels at a good yield rate.

Thus, it Awxiligss téleictie WapdcitoP linddi drer ysbalided sapaytdevdme thet h no
poi nt - def ect pixel structures or nethods of manufacturing the sanme: [0009]

One of tReaBngngadifes Wit Al tHe gateGhspilxfilon fignel ectrostatic destruction
in manufacturing an electronic circuit array substrate of a liquid crystal

di spl ay device. Abnormal characteristics of the thin-filmtransistors, for
i nstance, nmay be caused by electrostatic destructions in the case that an

el ectronic circuifpouglayrge'bstaahenks 1esdeadnadl @k (NiexflPARl éRtelc
- capacitor lines are coated with an interla&er insulation film
through which contaét holes are made. Signal lines are formed on

the interlayer film and are electrically connected to the
poly-crystailine silicon layer through the contact holes in which

electrically conductive materials are filled.

[0006] The array substrate is provided opposite to the
"~ counter substrate which includes an insulation substrate such as a

glass substrate and color filters formed on the insulation substrate.

2



.3 polycrystalline silicon films patterned for thin-filmtransistors, a
'gate insulation film scanning |ines, auxiliary capacitor lines, an
interlayer insulation filmand contact holes in the interlayer and gate
insulation filns on the electronic circuit array substrate, i.e., before
the formation of signal lines on the interlayer insulation film SUMVARY OF
THE | NVENTI ON [ 0010] Accordingly, the present invention provides a

sem condAchiquidestiystat @oin gosition dsshphl bestwaleac thesthicteodascirmiitons, an
el ectronic circuit array substrate provided with the sem conductor device
and a nedlway ahdreowh et snbogrdfes shddsrarnledcat eivdumaferansagsf thee.

[0011] The first aspect of the present invention is directed to a

sem condsabstratesilge apsenladad with a sem conductor |ayer, an insulation
filmformed on the sem conductor |ayer) electric lines formed on the _
insulation film and an interlayer filmfornmed on the Iines and containing
a first aperture connected to the sem conductor |ayer and a second aperture
connected to thele0etl rTkelligasd dr§eia] dibplaeatmndcaspesiribbdt ABopeesent
invention is directed to a nethod of manufacturing a transistor array

subst r atreédelaidange tiemtieapsf gfixbds tondisplagmaceradiscbpdrddtayeh esloan
optically 4 transparent substrate, formng an insulation filmon the

sem condliqud digwenl disptaynglidvioesodthideypasihadaptictilar) ubedoigaan
interlayer filmon the lines, making a first aperture through the

~interl ayperdoddh asshputeri f@qnhﬁ{dsOﬂedl EEeeR 40dthleie eblseaiustay doryer,

maki ng a second aperture through the interlayer filmup to the |lines, and
washi ng pée pixedr bayeiaf iits efdceohte ee@itd azpast YubstFatBdausk0Ba3] Wth
this structure and/or method, when the front surface of interlayer filmis
washed wpidwvitdea ﬁvhtlhd&v&ﬁ-hermilﬂlmnseeﬁﬁ@dxal:bewtluhetheﬂnrrade t hough it,

el ectric discharges, which are substantially the same' as the ones stored
in the sem conductor |layer, are carried into the |ines though the second
aperture. Thus, the electric potential at the lines is substantially equal
to the one at th§0ees] cDispiliorrdquyieemeistsa foesulich & 46§ uddt adystal
destruction of the semiconductor is effectively suppressed so that the

yi el d radmpdhyadeel@ctHon bedd Giick ndly ayuﬁubhigntfnq@weme O fABr SYEH
significantly. BRI EF DESCRI PTI ON OF THE DRAW NGS
requirement is to have as little point-defect pixels as possible or no
point-defect pixels. It 1is,  however, extfemely - difficult to
manufacture liquid crystal display devices with little or no
point-defect pixels at a good yield rate. Thus, it is important to

- provide a liquid crystal display device with no point-defect pixel

structures or methods of manufacturing the same.

[0009] One of the big causes of point-defect pixels is
electro-static destruction in manufacturing an electronic circuit
array substrate of a liquid crystal display device. Abnormal
characteristics of the thin-film transistors, for instance, may be
caused by electrol-static ldestructions in the case that an electronic

circuit array substrate is washed after the formation of

3



.[0024] A nore conpl ete appreciation of the present invention and many of
"its attendant advantages will be readily obtained as the same becones
better understood by reference to the follow ng detail ed descriptions when
considered in connection with the acconpanyi ng draw ngs, wherein: 5
[0015] Fig. 1 is a schematic plan view of an electronic circuit array
- substrate in accordance with the first enbodi nent of the present invention
[0016] FipglyZrystallinesslivent fidmed paittermdd tfhe tdiecfilaniteanbistoirs, array
substrate not conpleted but formed up to the formation of an interlayer
fil mandgetit ialsorlgtidn el schnsfiagnlineski guxiliafPXhphaditer 18nés, an
cross-sectional view of the electronic circuit array substrate not
conpl et eiinbertlafyernirds ulptiom tfilen f ondeddmyacef hohes int €d ayeerlayeoP and cut
along line I'll-11l1 shown in Fig. 1.[0018] Fig. 4 is a circuit diagram of
t he el ecgadaiinsulation fidnraygnstivs eledtroniowiréwitFagrayt substrate, i.e.,

before the formation of signal lines on the interlayer insulation

film.
SUMMARY OF THE INVENTION

[0010] Accordingly, thé present invention provides a
semiconductor device configured +to suppress electrostatic
destructions, an electronic circuit array substraté provided with
the semiconductor dev_i(':e aﬁd a method of manufacturing the

electronic circuit array substrate.

[0011] The first aspect of the present invention is directed
to a semiconductor device provided with é semiconductor layer, an
insulation film formed on the semiconductor layer, electric lines
formed on the insulation film, and an interlayer film formed on the
linés and containing a first | aperture connected to the
semiconductor layer and a second aperture connected to the electric

lines.

[0012] The second aspect of the present invention is
directed to a method of manufacturing a transistor array substrate

including the steps of forming a semiconductor layer on an optically

4



,(0019] Fig. 5is a schematic cross-sectional view of a liquid crystal
"display device with the electronic circuit array substrate shown in Fig. 1~
and (0020] Fig. 6 is a cross-sectional view of an electronic circuit array
substrate in accordance with the second enbodi nent of the present

i nvention. DESCRI PTI ON OF THE EMBODI MENTS 6 [ 0021] Enbodi nents . of the
present invention will be described below wth reference to the attached
dr awi ngstrahspheemt! ubwiradef hdbridiagpr aneninsalsyivbhonfilgm nain | ithiet ed to
t he enbodi nents but covers their equival ents. Throughout the attached .

dr awi ngssesiibhdrictor Javer| €6 anengelinestrmithesirovulitidh il medoirudngnt or
sane conponents. [0022] A liquid crystal display device 'of the first
enbodi nean inddrlhge fl€Hat idre thbdines Winldkihgf £ ferteap Or tir@sthiowgh [tBR23]
Liquid crystal display device 1 includes an electronic circuit array

substrat ¢ntardayag fidim-dnd nMlid dashdhoiornrfilby apbséreie skinicod @btor
top-gate-type thin-filmtransistors 8 are provided as shown in Fig. 5.

Thin-fil Ryeansialiiog arsesordibgidrauee X hatugh thet iﬁlﬁalﬂl@%er IPkrhcap! 66
transparent and electrically insulating substrate 3 such -as # 1737 gl ass,

“subst r at eh8Hié 8Ch HH ekt ablifp thienih ety PO Fidbedft10PRE e ndOper iy eFi 9. 4,
gl ass substrate 3 contains display region 4 on its primary surface. D splay
regi on 4ijs snpdevided with a | arge nunber of pixels 5in a mtrix form Each
pi xel 5 contains at |east two-color display-dots and, particularly, red,
green and bl ue col or display-dots 5a-5c in the enbodi nent. These '

di spl ay-dots 5a-5c are regularly, repeatedly disposed in pixels 5.

‘Display-dot 5a, H00ar3]5With thdsistaulcyusonnnied mbtRbdewiet saiotms 7

accurnul ati on capacitor 7 and thin-filmtransistor 8.
surface of interlayer film is washed with the fluids after the second
aperture is made though it, elect.r-ic discharges, which are
substantially the same as the ones stored in the semiconductor
layer, are carried into the lines though the second aperture. Thus,
the electric potential at the lines is substantially equal to the onle.
at the semiconductor layer. As a result, electrostatic destruction of

the semiconductor is effectively suppressed so that the yield rate of

an electronic circuit array substrate can be improved significantly.._
BRIEF DESCRIPTION OF THE DRAWINGS

[.0014']' A more complete' appreciation of the present
invention and many of its attendant advantages will be readily
obtained as the same bécomes better understood by reference to the
following detailed descriptions when considered in connection with

the accompanying drawings, wherein:



[ 0025] Gate el ectrode and scanning lines 11 made from nol ybdenum all oy are
"di sposed on gl ass substrate 3 in the horizontal direction and are
vertically spaced in parallel with each other. Gate el ectrode and scanni ng
lines 11 are connected to thin-filmtransistors 8. [0026] Auxiliary
capacitor lines or common capacitor lines 12 are provi ded between gate

el ectrode and scanning lines 11 in the horizontal direction of glass

substrate 3; are EONBES] Wigpacdd ansdlwemueid iplah &is®Clifoanaslkaxenili sposed

in parallel with gate electrode and scanning lines.||. Further, comon
capaci t orcit¢witsadPapsabslteetd isaddcprdaneecieth theafigdmbodimemtagki | i ary
pi xel capacitors 7 and thin-filmtransistors 8. [0027] Video signal |ines

or signalthlel peedevyicivvdstiang forned on the surface of glass substrate 3 in
the vertical direction, are equally spaced. in the horizontal direction and
are made of Al and high nelting point metal filns. [0028] Y driver-circuit
or gate driver circuit 14. provided along a horizontal (left) edge side of
gl ass substrate 3[gorglaifig. shijktarePsstddichativiesal dfy tEeNsRGe6ni® gate

el ectrode and scanning lines 11 of thin-filmtransistors 8. 8 [0029] X
driver cicig¢hit Grrdydesulssiradk GidtCuidmpbeterdovhded falangl aupertol aie (upper)
edge side of glass substrate 3 contains driver circuits electrically

connect edot ati 68 v fSd Biate HliahRy fiin £odTERR afl%mgciiw II-TN@%ho¥n 3heEF{gget her
el ectrically connected to driver circuit 16. [0030] Wth reference to Figs.
4 and 5, t;hin-filmtransistors 8 are provided as swi tching el enents of

pi xels 5. Thin-filmtransistors 8 include sem conductor |ayers 21 nade from
pol ycrystalline silicon forned on undercoat filnms, not shown) nade from
silicon oxide and/or silicon nitride. [0031] Polycrystalline silicon

seni conduct or | ayRy(s1 AL Fage 386 ea byrodBReRdti fila BRBleRN IS thk! eL@rbhids to
melt and re-crystallize wth an excinmer |aser. Polycrystalline silicon

sem conduti@iitl angay ZuldtraseMintntehpletRd LGOS fofmidd Nupi It tyransi stors

whi ch have active |ayers of channel regions 22 at their central portions,

and sour ¢ermdtieh & MtHe ¢h 6 azrér Ailin 24n @reutoh to1ee diRe TITATS Howhaimel
regions 22. [0032] Channel regions 22, source and drain regions 23 and 24

and the @Hgerigoat filmare covered with gate insulation film 31 made from
silicon oxide. Gate. insulation film31 is a 150 nmthick silicon oxide
fil mdeposited. by applying a plasma chem cal deposition nethod. |n other
words, silicon oxide gate insulation film31 is forned on pol ycrystalline

silicon senm condugors] Byer 4 i a cfdeuit diagré.m of the electronic circuit

array substrate shown in Fig. 1;

[0019] Fig. 5 is a schematic cross-sectional view of a
liquid crystal display device with the electronic circuit array

substrate shown in Fig. 1; and

.[0020] Fig. 6 is a cross-sectional view of an electronic
circuit array substrate in accordance with the second embodiment

of the present invention.

DESCRIPTION OF THE EMBODIMENTS
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,[0033] Pairs of narrow rectangle gate el ectrodes 32 are forned on gate
“insulation film 31 .provided opposite to channel regions 22 of thin-film
transistors 8. Gate electrodes 32 are in parallel with each other and are
spaced al ong, and connected to, gate el ectrode and scanning lines 11 to
formtheir parts as shown in Fig. 1. In short, gate electrodes 32 are
formed to be individual narrow rectangle in shape projecting vertically
fromgate el ectrode and scanning lines 11. (0034] Here, gate insulation
film31l is put between gate el ectrode and scanning lines 11 and

pol ycrystal line d0Di2adnFaebodomdutionf] aler p2bseht chnasetion dyild beer! ap
each-other. In other words, gate el ectrode and scanning lines 11 are
separ at edebéiliedobytyw sk H ir8fe1@indeCto t hera tarthect Aratvarps. 24 shyvwddt e
insulation film31. [0035] Common capacitor lines 12 are forned on gate
insul atibe fidted3ltlkat Shhen predend. mwdndiendriai et e¢imories 89 ahe
provided with extending portions opposite 'to common capacitor lines 12

through entsdiayentd | IA33coTbEs, tAGEH MY @livalets AUTIHIAIPhALKElthe
capacitors 7 are defined by interlayer film 33 and el ectrodes of conmon

capaci t oattddiesd 1dratdngs! esthilhrP U | 9mel NATededtd ahafbiOHeSsBOwbet ween
which interlayer film33 is inserted. Comon capacitor lines 12 are

el ectri cgi;h_yla’r$@Iq&tiedléﬂpmlghmeqai,ﬁpah@@{rtgpdes 32 of thin-filmtransistors
8. Common capacitor lines 12 are nmade fromthe same materials, and by the
‘sanme process, as gate electrode and scanning lines 11. [0036] As described
above, interlayer film33is coated on commpn capacitor lines 12, gate

el ectrodes 32, gdpe2eled r ogpuande lmmslplags ddvided @@t gné NFAL i ON
film31l. Interl~ayer film33 is nade fromstacked films of 350 nmthick
silicon @dbddien@nfl wilDberdéddiGkedihdloan wthore fdepask HRIFDYs., Rl Ying a

pl asma chem cal vapor deposition nethod., Here, interlayer film33 is

provi ded on a primary surface of gate el ectrode and scanning lines 11 and -
on the opposite side with respect to polycrystalline silicon sem conductor
layer 21. . [0037p02s]souidn Eiygtall.didpdayd Hdeviest act jhehREes34aand 35
are nmade through interlayer film33 and gate insulation film31 as first

aper t ur egleeftr@hfetirceat lay ra9naived irte GAEIPAE M n - G0RE B4 ndiRk6s aF4agnd 35
are provided on both sides of gate electrodes 32 of thin-filmtransistors 8

and connggbggrdte Ut ewaieh deaph EateetPps PhidFilinf btahbisd0ss SBOLT eS8,
respectively. [0038] Further, as shown in Figs. 1 and 2, dummy holes 36 are
made t hrpegWided 86! Ve nfid Mig3 5. WhiP fOat @reh8sdtorderBf sapabrafP 2l i nes 11
as second. apertures of electrically conductive conponent's. Dummy hol es 36
are provhgged i-@étaf&é@%ﬂo‘fﬁ:ié’éﬁ?' Ph s eHft Rhied1ScPridd 10} d8SuBHiRkLr ate 3

of thin-filmtransistor array 1 substrate 2. In other words, each dumry

hol e 36 isbsmdtel @ SXEH Y adi 3#3|W3¢0F1a5§s SRbhOtrate MW abPhLSd 3Byf or m
aperture patterns made through interlayer film 33. (0039 Dumy hol ées 36 are

made t hrogghingtierdodperatédm 33 to expose parts of gate el ectrode and
scanning lines 11 through which electric charges stored at pol ycrystalline
silicon sem conductor layers 21 of thin-filmtransistors 8 are di scharged.
-Thus, it suppresses voltages inposed on gate insulation film31 which is
put between pol y¢opgudl Aisnghoiw i Cia BRT A0NEUHO s ulbAYeh Be 23 Adt LS

el ectrode and scanning lines 11 so that electrostatic destruction of

t hi n-fi | MmdplaRstegionss SR ;%»ﬁn&&ﬂﬁ%%@faw.oﬂ% H}ni'@g%oxhgli‘ﬁ 'l%ﬁsia@@ 35 and

dummy holes 36 are filled w patterns of coaglng frinms su _
el ectri cglit £oRGge! NMnba¥e6s piteiFNndhe MRS FOM! "Bash i,F@ gials as
rlay

video signal lines 13 after a surface washing process for Int er, film

33 with eefing ot 9kast’ eksstsidr q1iisg§ay%x§u05ﬁd,e ﬂ@ﬁ’ﬁ&ﬁla?ﬁxi Sydd ovi ded

on interlayer film33 and filled in dumy holes 36 to cover the exposed

‘parts of gpale ﬂ&%lh@deoﬁﬁdd%[?l@y'ﬂgtéiffh?'%clilnit'TleFjHliﬁﬁ'ocﬂgﬁgﬁt:'%ese

‘Conductive layers 37 are nmade fromthe sane materials an y the sane

process. @xplage@ofd A5 h?@srég'-%ula_(rgﬁdf}]apgtﬁE@dFyL %%i)eggdam éﬁggw £9 |ines

11 are provided with rectangular w der w menber s exp ng rn a

vertical pdipRGH-der 548, 5By 5 1§ b¥sid{11§WhRiposha! §5ppfel ¥ thoakee made 12
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.through the central portions of wider width nenbers 38. Dumy holes 36 are
"provided for respective display dots 5a, 5b and 5c of pixels 5 and between
adj acent pairs of gate electrodes 32 integrated with gate el ectrode and
scanning lines 11. [0042] Further, w der w dth nenber 38 of display dot 5a
i s disposed approximately in the m ddl e between drain region 24 of
thin-filmtransistor 8 in display dot 5a and source region 23 of thin-film
transi st acc8mulatisplayp aitobl ahdrthigafiémeteghsderB1d scanning |line 11.
Wder wi dth nmenbers 38 of display dots 5b and 5c¢c are al so arranged in
simlar manners to the above described one. In addition, wider width
menbers 38 are provided to project vertically fromgate el ectrode and
scanni ng |ine 11 [002HeCratecebetdodecandnséanhheg dines ol Wineldepdism of gate
el ectrodes 32 project fromgate el ectrode and scanning line 11. [0043]

Vi deo si gmalyHderasml3aHog farenadisposedt eyl agbasd i babstrated 3l 3a e i N
contact holes 34 so that video signal lines 13 are electrically connected
to sour chorgpowtel @iFeetidhafnd akénvierditgildy @ps c@ datn pAtatEeleweth eR@dds .
[0044] Drain electrodes 39 are fornmed on interlayex film33 and also put in
contact bohes. IBatd eclddteadéyaadnnreindigig dideai 117 egieOtordfeded hion-fil m
transistors 8. Drain electrodes 39 and conmon capacitor |ines 12 facing
drai n el ehindiba t3Andsebtbrsngerl ayer film 33 to formcapacitors 7. Further,
drain electrodes 39 13 are electrically connected to drain regions 24 of
thin-filmtransistors 8 through contact holes 35. Drain electrodes 39 are

made fromthe sane materials and by the same process as video signal |ines
13. [0045] Thi n- flioloRa]lr dnsxdisnys capdeitoonpiasad of sidevosi gaplacitqes 13,
source regions 23 connected to video signal lines 13 through contact hol es

34, drai hinegilansreprodided beltaclenogase IecrviRchad sCalhh g liggs A1 24

t hrough contact holes 35, poly-crystalline silicon sem conductor |ayers 21,
gate el eghridadehapizananndirgctioresf blasgahebdthave B;i £Fc kigunlBt spited

interlayer film33. Thin-filmtransistors 8 are forned in matrix patterns
on displ ty tlegiwertécal dirasHonubsid are AispbH9d6in \paeals] guadh Igdws 13,
drain electrodes 39 and interlayer film33 are coated with a protective

| ayer of ebetodg dnd Bcdhnikydineg 111 IFadhers coaimhonadfslati®oddinse 1@ont act
hol es 42, which are connected to drain electrodes 39 of thin-film

transi stare &le¢fi@ddllyEveamingrtedl roodlaciimedatisd Bel euxidiane povered with
pi xel el ectrodes 6 nade of indiumtin-oxide -(I1TO thin filns. Pixel

el ectrodeapacioesel asid thfiin araacietdrisag drai n el ectrodes 39 through
contact holes 42. Further, pixel electrodes 6 are controlled by thin-film
transistors 8. Evening film41l and pixel electrodes 6 are coated with
alignnment film43. 14 [0048] The front surface of thin-filmtransistor

array substrate J0i027)r $ildedsipanasiliges oof egilgatdulipie ldydlrs QBINRY
substrate 51, which includes glass substrate 52: Mre than two col or

filters, ferged éMntde oifacelof glhssusabatalte Blinetkevartiddlt @vecdien pr ovi ded
on the back surface of glass substrate 52. Color filters 53 are arranged to

face coraespapiallyg shEedRUndehs HirizbAtaNdid6ctibnt And- Aké Mabid@nst Apr -array
substrate 2. [0049] Rectangular, flat) counter electrode 54 is formed on

t he backaadr hagle Iﬁéltﬁﬁggpoifﬂtl sl FT8m¥hen thin-filmtransi stor. array
substrate 2:is assenbled with counter substrate 51, counter substrate 51 is

| arge enough in-size to cover entire display regiond4. Further; counter
el ectrode 54 is coated with alignment film 55.

[0028] Y driver circuit or gate driver circuit 14 provided
aloﬁg a horizontal (left) edge side of glass substrate 3 contains shift
registers electrically connected to gate electrode and scanning lines

11 of thin-film transistors 8.



.[0050] Alignnment film43 of thin-filmtransistor array substrate 2 is
“arranged to face alignnment film55 of counter substrate 51 in the case that
thin-filmtransistor array substrate 2 is assenbled with counter substrate
51. In short, pixel electrodes 6 of thin-filmtransistor array substrate 2
are provi ded opposite to counter electrode 54 of counter substrate 51.
Alignment film43 of thin-filmtransistor array substrate 2 and ali gnnent
filmb55 of countd002¥)sXrdtieediciaceitaor aided signhadldrenitopsimaividedul ati on
| ayer of liquid crystal conposition 56. [0051] Next, a nethod for
manuf act wlomg &heeftical (appedimedgeosiddiiof- Eldss tadngirater 3 acompaisnsbst r at e
2 wll be 15 descri bed. bel ow. [0052] An anorphous silicon filmis :
deposi t edriveit heironiley cddattfichilybycappégtiedy @ phidewa sigaal chinesapks.
deposition nmethod after glass substrate 3 is coated with the undercoat
film [OCo3houbsagumitoy lirseiIradeatege tieanelectaieallyr adhatetedrtioo t he
anor phous silicon filmso that the anorphous silicon filmcan be nelted and
re-crystdriveredircuio 18.pol y-crystalline silicon film [0054] The
pol ycrystalline silicon filmis then doped and then subjected to a
phot ol it hography process to nmake patterns of island-like polycrystalline
sirlicon sem conductor layers 21 as shown in Figs. 1 and 3. [0055] Next, a
pl asma cheni cal V@p&0ldeWasht irefer@hb®dto Figs. 4 and 5, thin-film
transistors 8 are provided as switching elements of pixels 5.
- Thin-film transistors 8 include semiconductor layers 21 made from
poly-crystalline silicon formed on undercoat films, not shown, made

from silicon oxide and/or silicon nitride.

[0031] Poly-crystalline silicon semiconductor layers 21
are made by annealing amorphous silicon films to melt 'aﬁd
lre-crystallize_ with an | excimer laser.l Poly-crystalline' silicon
semiconductor layers 21 are semiconductor patterns of thin-.film
transistors which have active 1ayers of channel regi_ohs 22 at their

: centfal'pdrtions, and source and drain regions 23 and 24 on both

end portions of channel regions 22.

[0032] Channel regions 22, source and drain regions 23
and 24 and the undercoat film are covered with gate insulation film
31 made from silicon oxide. Gate.insulation film 31 is a 150 nm
thick silicon oxide film deposited by applying a plasma chemi(;al
deposition method. In othér words, silicon oxide gate insulation

film 31 is formed on poly-crystalline silicon semiconductor layers
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.1s applied to deposit 150 nmthick silicon oxide. gate insulation film 31
“on polycrystalline silicon seniconductor |layers 21 and the undercoat.

[ 0056] Subsequently, a nol ybdenum alloy conductive |layer is formed on gate
insulation film 31 and the conductive layer is etched to nake gate

el ectrodes 32, gate el ectrode and scanning |lines 11 and conmon capacitor
lines 12. 16 [ 0057] Source and drain regions 23 and 24 in

poly-cry@tlal ,line silicon sem conductor filnms 21 of thin-filmtransistors 8
are doped with a P- or NNtype inmpurity by using gate el ectrodes 32 as

phot omasks. [0058] A plasma chem cal vapor deposition is again applied to
deposit 350 nmsilicon nitride and 450 nmthick silicon oxide filns to form

interlayer film J®038lgRadrs nfuhatrron fettmrdile gate deettodee Idchcanni ng
lines 11 and conmon capacitor lines 12. [0059] A photolithography process

is carri ggriaeid e prRite tastbkotiohofds 331 amebvddedhioppaizitartiey lcdyainél | m 33
and gate insulation film31 for source and drain regions 23 and 24" of

thin-fil pegicksi B2 w6h thinribpeetareistorass si®ate iglettodss 3D0HH iAot her
photolithography process is carried out to make dumy hol es 36 through.

i nterl aygarhlleh #3th codx¢h heechad hoe Wplatediialbhg TR idtectedgad
el ectrode and scanning lines 11 at
gate electrode and scanning lines 11 to form their parts as shown in
Fig. 1. In short, gate electrodes 32 are formed to be individual_

narrow rectangle in shape projecting vertically from gate electrode

and scanning lines 11.

[0034] Here, gate insulétion film 31 is put between gate
-elecﬁrode and scanning li.nes. 11 and poly-crystalline silicon
semiconductor layer 21 which are laid to overlap each other. In
other words, gafe electrode and scanning lines 11 are separated
from poly-crystalline silicon semiconductor layer 21 by gate

insulation film 31.

{0035] Common capacitor lines 12 are formed on gate
insulation film 31 as shown in Fig. 5 while dljain electrodes 39 are
provided with extending portions opposite to éommon capacitor
lines 12 through interlayer film 33. Thus, accumulation or
auxiliary pixel capacitors 7 are defined by interlayer film 33 and

~electrodes of common capacitor lines 12 and extending portioné
from drain electrodes 39 between which interlayer film 33 is

inserted. Common capacitor lines 12 are electrically isolated from
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.display dots 5a, 5b and 5c, as shown in Figs. 1 and 2. [0061] A washing
"process is carried out to clean.the front surface of interlayer film 33

with fluids, such as etching liquid and el ectrol yzed water of pure one
bubbl ed with C02. Instead, an etching process nay be applied to the front
surface of interlayer film33 as such a washing process. 17 [ 0062]
Interlayer film33 is stacked with, and dummy holes 36 and contact holes 34
and 35 agetd idleetiroddsh, 32 ofobbitfile tmyesistecke S Cimaren hiaghaeibri ng
point netal films (the stacked structure of which is. - not shown). The
conduct i ielsaly2are mhlerfrefchid samé heasarnalphondlby hbgrsaphy pogeess f or
coating filnms 37 for dummy holes 36, video signal |lines 13. functioning as
sour ce ehsegateddrcofoddiamd s¢amhimgdine®rld.8 and drain el ectrodes 39 to be
made fromthe same materials. [0063] Further, evening film41l is entirely
formed on video signal lines 13, drain electrodes 39 and interlayer film
33. [0064] Subsequently, an etching is carried out for evening film41l in a
phot ol i t hogr aphy [p086¢9ss desorited abbael ihtédayes fibmcd8risctaadetloodr ai n
el ectrodes 39 through evening film41l. [0065] A transparent conductive film
i s then spwivhenechpacieyelings fi2,ngdie aldcirvdesn8actgdtel ekectZotlo dndm pi xel
el ectrodes 6, which are, in turn, subjected to photolithography and etching

scanning lines 11 and gate insulation film 31. Interlayer film 33 is

made from stacked films of 350 nm thick silicon nitride and 450 nm

thick silicon oxide deposited by applying a plasma chemical vapor

deposition method. Here, interlayer film 33 is provided on a

primary surface of gate electrode and scanning lines 11 and on the

opposite side with respect to poly-crystalline silicon semiconductor

layer 21.

[0037] As shown in Figs. 1, 3 a.nd 5, contact holes 34 and
35 are made through interlayer film 33 and gate insulation film 31
as first apertures of electrically conductive components. Contact
holes 34 and 35 are provided on both sides of gate electrodes 32 of
thin-film transistors 8 and connected to source and drain regions of

thin-film transistors 8, respectively.

[0038] Further, as shown in Figs. 1 and 2, dummy holes 36
are made through interlayer film 33 ‘up to gate _electr.ode and
scanning lines 11 as second apertures of electrically conductive
'components. Dummy holes 36 are provided for respective display

dots of pixels 5 on glass substrate 3 of thin-film transistor array

11



.processes to nmake pixel patterns. [0066] Next, pixel electrodes 6 and
"evening film41l are coated with alignnent film43. Gate driver circuit 14,
video signal circuit 15 and driver circuit 16 are provided at the
circunference of display region 4 on glass substrate 3 of thin-film

transi stor array 18 substrate 2. [0067] Alignnent film43 of electronic
circuit array 2 is arranged to face alignnent film55 of counter substrate
51 and ehgbbt@tec2cilncatiie rawioads? eiaghadaendlyehold 86 monmdde fenlesterst e 51.
Liquid crystal conposition 56 is put into a gap defined between el ectronic
circuit gidEbay?dands£0Bbt 6f SdibBumhey hblende ifghitl ypeesued patterasseal ant.
. [0068] Fi'nally; the basic structure descri bed above and ot her conponents
of system£dé ¢urbaghPtriages filan 138Kk |ight source, etc., are incorporated
into a liquid crystal display device 1. [0069] As described above in the
first enbodi nent, contact holes 34 and 35 are nade through interlayer film
.33 forned on glass substrate 3. The front ~ surface of interlayer film 33

i s washed with etolpignd Duging Boled 86t 404 yzede WAitrer diefinterlaydeofibingnal
lines 13 are coated on the front surface of interlayer film33. In . thus

case, hopBVes exp¥8E paPHObf gugh dledtfisdanardisednalingrlines 1ewhralghf
electric charges fromthem electric charges are still stored in

pol ycrystahichne dlektfien sdargerduciteredayens Zblyhéugalliont adilivones 34
and 35 because the fluids may carry electric charges for sonme reason or

ot her andefdicehdertbetIwgeRs tAE Jfl thids fied trhassdtoracs fe idisehidpyed. film 33
causes electric charges. [0070] The electric charges stored in

pol ycrystig{ud,ngs k%ppridslses oo RaiFecondipolsed bay gase 2ingilaich Sfilino 3 ectric
potential differences between polycrystalline silicon sem conductor |ayers

21 and gafigich ?&tpﬁﬁdﬁétﬁaeﬁgpénﬂbr%ﬁmﬂﬁ/ sthbsr Imtddduetdiclapsis uction
at gate insulation film 31 di sposed between polycrystalline silicon

‘sem condgqt ghd 8%es eléciroddGiRiseaahiakr Hies B2.sd @BAt] elottpsdantio avoid
such el ectrostatic destruction, dunmy holes 36 are nmade at display dots 5a,

5b and ' Gesefudtivgl 6f Phinvrolug iranksesiorwed chid Be3Bdipeddr wider wi dth menbers
38 of gate electrode and scanning lines 11 before the front surface of

interlayer film33 is washed with the fluids.

[0040] Contact holes 34 and 35 and dummy holes 36 are
filled with patterns of coating films such as electrically conduétive
layers 37 which are made from the same materials as video signal
lines 13 after a surface washing process for int'e'rlayer..f.ilm 33 with

- etching or electrolysis liquids. Conductive la.yers 37 is provided_. on
interlayer film 33 and filled in dummy holes 36 to cover the expo‘sed
parts of gate electrode and scanning lines 11 in dummy hbles .36..
Conductive layefs 37 are made frbm .the same materials and by the

same process as video signal lines 13.

[0041] Gate electrode and scanning lines 11 are provided
with rectangular wider width members 38 expanding in a vertical

direction in the vicinity of dummy holes 36, which are made

12



. (0072] Wth this structure, when the front surface of interlayer film33 is
"washed with the fluids after dummy holes 36 are nmade though it, electric

di scharges, which are substantially the same as the ones stored in
poly-crystalline silicon sem conductor |ayers 21, are carried into gate

el ectrode and scanning |lines 11 though dumry holes 36. Thus, the electric
potential at gate el ectrode and scanning lines 11 is substantially equal to
the one ghr@@gl Cthes cahktak poirtiodnn of enl danaicithr ni apdress238. [[DE@FEGhyAs a
result, it suppresses the occurrence of potential differences between

pol y-cr yhbddd i3sease | pepridednfarondupé eviveagpdazldans Hmt Sbehadt 5odd and
scanning lines 11, i.e., that of voltages at gate insulation filns 31

i nposed PetdIRER a2 be PRLYEMEhakhit imivh ldfgateselBct s0dus 3 intypaiated]l and
gate electrodes 32. In other words, the electrostatic destruction of gate

i nsul ati githigdte electbo@é laerd b¥ghningdphesddd so that thin-filmtransistors
8 may be prevented from abnormal characteristics due to such electrostatic
destruction. [0074] Accordingly, thin-filmtransistors' 8 formed at display
dots 5a, 5b and 5c of pixels 5 are highly protected. Point defects at

di spl ay dots 5a, [Bb420dr &etltr, R idd 15 wi deBUsRan B¥r t38 of | Eisplastdéd achar ges
are significantly reduced in the washing process between the formation of
interlaygg dﬁéﬁé@&ﬁa?mo&mace@w HAGHY nMiddee sdterédn ldmas degieint P4safch
~sinple provisions of dummy holes 36 as nmade through interlayer film 33 up
to gate ghpcifiedetainhisead 18 igekayl Hotl BasBad Jsolltice- tebibd radisdfstors 8
are protected from damage w t hout. substanti-ally additional processes.

[0075] ThHsn-filhe tHBldsted 8 oh displag aoysihlaldingplegaitedeVécteodepnad ded
with thin-filmtransistor array substrate 2 increases remarkably. The

struct ur gc Shn@ypMinda1eWiterwalithh e M IPS@NB8i divéldplay détPBbidkdIsy |y
suitable for liquid crystal display device 1 provided with thin-film

transi st gi8 56 UHranped@did 8l Mikdy nidhéidco $hei £96v & AvseLiBUL bave. finl M5 21
for display dots 5a, 5b and 5c of pixels 5 and | arge display size liquid

. crystal 5didsdilody WRMICH idt R YRS V88 A rkopuh vidled &3 %ij&@t?vélfﬁpﬁﬂ@nni ng
lines 11. [0076] Since dumry holes 36 are filled with coating film 21 37

made fromdhegSRTB1dREEHE AU B8ahlinkiliae B #Mahd r&esrsled darsbtsoationg film
37, and video signal lines 13 and interlayer film 33 are coated with

eveni ng thémdd, té NOhRERVH AN oFf thﬂmw&ksae%wpg&omt fesil tgdte
"incorrect operations or damages of thin-filmtransistors 8. [0077] Although

dummy hobRd8olg Ph@\WcdRGhiberligeery, di splay dot 5a, Sb or 5c of pixel 5 in
- the first enbodi nent, dunmy hole 36 may be provided for every particul ar

~color 'display dots, such as blue color display dot 5c of pixel 5, at wider
w dth nenber 38 as shown in Fig. 6. I'n other words, every pixel 5 is

. provided with ongo@udWiesh A nWs0E3 adedfdt BALM iR8efRiyed fibeCi ficC
one of color display dots 5a, 5b and 5c. [0078] As anot her enbodi nent of

those shgwnahf flsgSpud iAMéntact HIIHEA4 by tHattwiaso Bobes] Bhdwysherdr ovi ded
for every one of display dots 5a, 5b and 5c.
electrically connected to source regions 23 of thin-film transistors 8

as source electrodes.

[004.4] Drain electrodes 39 are formed on interlayer film,
33 and also put in contact holes 35 electricall& connecting to drain
regions 24 of thin'filmlt.ransistors 8. Drain electrodes 39 and
common capacitor lines 12 facing drain electrodes 39 hold

interlayer film 33 to form capacitors 7. Further, drain electrodes 39
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. [0078] Thus, one or nore dunmmy holes 36 nmay be provided for every one of
"display dots 5a, 5b and 5c¢c or two or nore dunmy. holes 36 may be provided
for every pixel 5. [0079] Although liquid crystal conposition 56 is held
between el ectronic circuit array 2 and counter substrate 51 as an opti cal
modul ator in the enbodi nents descri bed above, an organic

el ectro-lum nescent elenent or other light-emtting el enments may 22 be
substituaes fedectriqally cecyshattesbnposidiain 56egiv0$0] 2kurathethingdilendri ver
circuit 14, video signal circuit 15 and driver circuit 16 are integrated
with thi trafridiﬁtbfsarﬁsitﬂimugdr rentaehshobise 35.aDmiinceldaredees36f adespl ay
region 4 on glass substrate 3 but they may be provided separately from and
connect ethdde fromnthel satreamsatédalaraey gulbder aame prp0e8d JasTivedppesent
invention is not limted to the enbodi nents descri bed above. Al though the
i nvent i osigresl Haes Héscribed in its applied formwith a certain degree of
particularity, it is understood that the present disclosure of the
preferred formcan be changed in the details of construction and the
conbi nati on and arrangenent of conponents nay be resorted to without
departing fromt ﬂeosls%r Mhianfilirhetraoopetafs theatraveomipmseds dfevednaft er

cl ai ned. Sone conponents of the enbodi ments nmay be elimnated or various
Conponenéﬁgdatlonmtélsfﬂer@dslﬁr@erﬂaeglicmsms camye dleslotheideobigeal lities 18hat is
clainmed is: 1. A sem conductor device, conprising: a sem conductor |ayer an
i nsul ati thrdughn ponvactethadessaid derincepgdichor24 ayamaial ebdatirodeby39
conductive lines forned on said insulation filmand an interlayer film

f or ned omoﬁﬁ'edtdd netd aritainovirdgibny t24 a thinostglaperdntaet cohobot ed&,0 sai d
sem conductor 'layer and a second aperture connected to said electrical l'y
conduct i welydicegstalline silicon semlconductor layers 21, gate electrode and

scanning lines 11, gate insulation film 31 and interlayer film 33.
Thin-film transistors 8 are formed in matrix patterns on display

| region 4 of glass substrate 3.

[0046] Video signal lines 13, drain electrodes 39 ‘and
interlayer film 33 are coated with a protective layer of evening film
41. Eve'ﬁing film 41 is perforated to define contact holes 42, which

- are connected to drain electrodes 39 of thin-film transistors 8.

[0047] Evening film 41 and contact holes 42 are covered
with pixel electrodes 6 made of indium-tin‘oxide (ITO) thin films.
Pixel electrodes 6 are electrically connected to drair; electrodes 39
through contact holes 42. Further, pixel electrodes 6 are controlled
by thin-film trénsistors 8. Eveni'ng film 41 and pixel electrodes 6

are coated with alighment film 43.
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.2. An electronic circuit array substrate, conprising: the sem conductor
device set forth in Caiml~ and an optically transparent substrate on
whi ch sai d sem conductor device is forned, wherein said sem conductor

| ayer, said insulation filmand said electrically conductive lines form
thin-filmtransistors. 3. An electronic circuit array substrate according
to CGaim2, further including display region and display dots disposed in
sai d di splay regil0048hhEhei drent dsurfacer iofnthinrfilmt ranaistosr @rrasd for
said display dots and said second aperture is provided for said display
dots of sabstmiteplZyis epparided. oppadibet tonrectangular,aflaly sopgttest e
according to Caim2, further including display region and display dots

di sposeds@Hstrate $di dwhiieh| includgisoglasthearudiatrase dd2hiMore| Hhaprah®iost or s
are provided for said display dots and said second aperture is provided for,
each onecalforstilterdi spgaythiwesdots ohirgddigyseayandgbbre colomfilspreareni c
circuit array substrate according to Claim?2, further including display
regi on apdopided snothabdckasurfasieoof glass aypbsdratelibdhdselpr filtexsd 5@ spl ay
region, wherein said thin-filmtransistors are provided for said display
dots andasai armerged] tapfadeucerrespmdingedlisplayaddtsodea, obbsand pexaf s.

thin-film transistor array substrate 2.

[0049] Rectangular, flat, counter electrode 54 is formed on
the back surface of color filters 53. When thin-film transistor array
substrate 2 is assembled with counter substrate 51, counter
substrate 51 is large en01_1gh in size to cover entire display region4.

Further, counter electrode 54 is coated with alignment film 55.

[0050] Alignment film 43 of thin-film transistor array
substrate 2 is arranged to face alignment film 55 of counter
substréte 51 in the case that thin-film transistor array substrate 2
is assembled with cdunter substrate 51. In slhort, pixel electrodes 6
of thin-film transistor array substrate 2 are provided opposite to
counter electrode 54 of counfer substrate 51. Alignment film 43 of
thin-film transistor array substrate 2 and alignment.'film 55 of
counter substrate 51 aré arranged to hold an optical modulation

layer of liquid crystal compesition 56.

[0051] Next, a method for manufacturing the first

embodiment of thin-film transistor array substrate 2 will be
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.6. An electronic circuit array substrate according to one of Clainms 2.
through 5, further including coating filmfilled in said second aperture
defined in said interlayer film 7. An electronic circuit array substrate

according to Claim6, further including a signal Iine connected . to said
sem conductor |layer of said thin-filmtransistor, said coating film being
formed in the sanme process as said signal lines. 8. A nethod of

manuf act desexgbad kedkest.ronic circuit array substrate, conprising: formng a
sem conductor |ayer on an optically transparent substrate form ng an
insulation filmon said sem conductor |ayer formng electrically conductive
lines on said insulation film25 formng an interlayer filmon said
electrically cond0obR¥eAn amorphous silicon film is deposited on the
undercoat film by applying a plasma chemical vapor deposition

method after glass substrate 3 is coated with the undercoat film.

[0053] Subsequently, excimer laser beams are irradiated
onto the amorphous silicon film so that the amorphous silicon film
can be melted and re-crystallized into a poly-crystalline silicon

film,

[0054] The poly-crystalline silicon film is then doped and
then subjected to a photolithography process to make patterns of
island-like poly-crystalline silicon semiconductor layers 21 as
shown in Figs. 1 and 3. | |

l
[0055] Next, a plasma chemical vapor deposition method
- is applied to deposit 150 nm thick silicon oxide gate insulatibn film
31 on poly-crystalline silicon semiconductor layers 21 and the

undercoat.

[0056] Subsequently, a molybdenum alloy conductive
layer is formed on 'gate insulation film 31 and the conductive layer
is etched to make gate electrodes 32, gate electrode and scanning

lines 11 and common capacitor lines 12.
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.lines making a first aperture through said interlayer filmand said
insulation filmup to said sem conductor |ayer making a second aperture
through said interlayer filmup to said |ines and washing said interlayer
filmafter said second aperture is made. 26 .A9. A . A& A& . A . A .A9. A . A9. A
AL, AT L A9. A& AL. A9. A9. AL. AaF. A" . A&F. A&F. A . A& A" . A9Fkl Z+l O
W7<TA} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c: a] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cdposltalSemeed cawd] cdedid d Hegmodb <w2X} xanidd 2Mcajina] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j
ca] ca] Caﬂ)ﬁPy!'l;Ky@tallline silicon semiconductor films 21 of thin-film
31" (HM) **++-...{0133g467}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
1 ca] ca] cejoadicdd eaBeats dopldcalith]e #-cat Maftgapciahpakc] by] valpjgrde?, 9299;
=>>?BB3DIDEFGKI Q' JALINNNN( OF COO/PgPPPP" ( xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] gplctabgas 3 aslpledtvahaeksa] cal cal ca] ca] ca] ca] ca] ca] ca] ca] ca] cajca!’
Q?Qv QQRIR} RRRRSSTTTUVaVWWWWWANYYYZQZZZ[ K[ } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
PKI[[["\m\\\*aaac>dOf '
g&gHhhj j @I || mopoag] x i pladima] eieta] @] cadwed ca¢pesitadnalisalagaliaa] cal ca]
ca] ca] ca] ca] Qa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! gs_ueuyu&v/ vi vvvwQmw
xXRxGy} yyppiaE tb &l ddit \#50 xsni shldosnndedida] saficaboapanthidle alitizbaa] ca] ca]
ca] ca]ca]ca] ca]ca]ca] ca]ca]ca] ca]ca]calca]calcalcalcalca]cal}}}}-
~Y~"~d~~pxid & J7BAs (1R Bbih) ideriaped_f]lmaBeapnajat] dapadd tiskc fllea]¥B] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caFki K- SY10%&' ()
- 3 10%ghie P10V do anld % anmingl ke s 11 ahdY&mmda%Eapheilor lines
i J+&210%&' ()-9(!'109%& ()-y&L10%& ()-"z10%&' ()-L10%& ()- s!109& ()- L!'10%& ()-
Z+l uV4! #310%b& () - & 10%& ()- 10zz

[0059] A photolithography process is carried out to make
contact holes 34 and 35 through interlayer film 33 and gate
insulation film 81 for source and drain regions 23 and 24 of

thin-film transistors 8, respectively, as shown in Fig. 3.

[0060] Another photolithography process is carried out to
" make dummy holes 86 through interlayer film 33 to be connected to
wider width members 33 of gate electrode and scanning lines 11 at

display dots 5a, 5b and 5c¢, as shown in Figs. 1 and 2.

[0061] A washing pfocess is carried out to clean the front
surface of interlayer film 33 with fluids, such as etching liquid and
.electrolyzed water of pure one bubbled with CO2. Instead, an
etching process may be applied to the front surface of interlayer

film 33 as such a washing process.
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10zz 10zz!0; 10%z& ()- 8s! 10%&' ()-, 610% ()-3l O wdEuVA! #10S410%& () -
“s(C110%& () - @L0%& ()- s9!109%& ()-SYL0%& ()- 10%& ()-79:;

<Tb@! 9M 10% " & ()- 9M 10% & ()- 10b 10b 10b@
s10%H& () - 8M 10%& () - 6M 10%& () - TA/ {\=! 1098 & () - $10%& () -

10"

10"

10", ;

S10%6 & ()-1& 1109%"& ()-1& 110% " & ()-/d?| >dE{\ =! &6s! 10% & ()- 410% & () -

9& 1 10% & ()- $10% & () -
9 110% & ()-,10% & ()-3>n_@, *109%& ()-! ! 109%& ()-sM 109%& () -

10"

[0062] Interlayer film 33 is stacked with, and dummy
holes 36 and contact holes 34 and 35 are filled with, a conductive
layer made of Al and high melting_point metal films (the stacked
structure of which is not shown). The conductive layer is then
etched in the same photolithography process for coating films 37 for
dummy holes 36, video signal lines 13. functioning as source
electrodes of thin-film transistors 8 and drain electrodes 39 to be

made from the same materials.

[0063] Further, evening film 41 is entirely formed on

video signal lines 13, drain electrodes 39 and interlayer film 33.

[0064] Subsequently, an etching is carried out for evening
film 41 in a photolithography process to make contact holes to be

connected to drain electrodes 39 through evening film 41.

[0065] A tranSparenﬁ conductive film is then sputtered on
evening film 41 and in contact holes 42 to form pixel electrodes 6,
which ‘are, in turn, subjected to photolithography and etching

‘processes to make pixel patterns.

[0066] Next, pixel electrodes 6 and evening film 41 are
coated with alignment film 43. Gate driver circuit 14, video signal
circuit 15 and driver circuit 16 are provided at the circumference of

display region 4 on glass substrate 3 of thin-film transistor array
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& 109%&' ()- SmLO%&' ()- 10%&' () - <wi XdEbC! @ 109%&' ()- s$10%&' ()- @ | 10%& () -
S&10%& ()-s9! 109%& ()-s9! 100%& () - X1Kj dEbC! 810%& () - 4&10%&' ()- 2" ! 10%& () - @
109& ()- ~, 109 ()- * 1109 ()- jlmo 3!"${Y7!19, s! 109%& ()-

19s! 109 ()-!L 1 10% ()-!LM 10% ' ()- 10 10 10@ '
5(1)0%&' O BSSes600._(~\ 1111 & 110%& ()- ! "1 10% ()-!'s M 10% ()-10% ()- 10

[0067] Alignment film 43 of electronic circuit array 2 is
arranged to face alignment film 55 of counter sub_strate 51 and
electronic circuit array 2 is assembled with counter substrate 51.
Liquid crystal composition 56 is put into a gap defined between
electronic circuit array 2 and countér substrate 51 and tightly

sealed with a sealant.

[0068] Finally, the basic structure described above and
other components of system circuits, polarizers, a back light source,

etc., are incorporated into a liquid crystal display device 1.

[0069] As described above in the first embodiment,
contact holes 34 and 35 are made th_rough interlayer film 33 formed
on glass substrate 3. The front surface of interlayer film 33 1is
washed with etching liquid or electrolyzed water befére video
signal lines 13 are coated on the front surface of interlayer film 33.
In this case, however, even though such fluids are used after the

removal of electric charges from them, electric charges are still
stored in poly-crystalline. éilicon semiconductor layers 21 through
 contact holes 34 and 35 because the fluids may carry electric
charges for some reason or other and friction between the fluids

and the surface of interlayer film 33 causes electric charges.

[0070] The electric charges stored in poly-crystalline
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silicon semiconductor layefs 21 give rise to electric potential
differences between poly-crystalline silicon semiconductor layers
21 and gate electrodes 32 so that they may cause electrostatic
destruction at gate insulation film 31 disposed between

poly-crystalline silicon semiconductor layers 21 and gate electrodes

32.

[0071] In order to avoid lsuch electrostatic destruction,
dummy holes 36 are made at Aisplay dots 5a, 5b and B¢ of pixels 5
through interlayer film 33 up to wider width members 38 of gate
elecfrode and scanning lines 11 before the front surface of

interlayer film 33 is washed with the fluids.

[0072] With this structure, when the front surface of
interlayer film 33 is washed with the ﬂﬁjds after dummy holes 36
are made though it, electric discharges, which are substantially the
same as the ones stored in pbly-crystalline silicon semiconductor
layers 21, are cérried- into gate electrode and scanning lines 11
though dummy holes 36. Thus, the electric potential at gate
electrode and scanning lines 11 is substantially equal to the one at

poly-crystalline silicon semiconductor layers 21.

[0073] As a result, it suppresses the occurrence of
potential differences between - poly-crystalline silicon
semiconductor layers 21 and gate electrode and scanning lines 11,

i.e., that of voltages at gate insulation films 31 imposed between
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32. In other words, the electrostatic destruction of gate insulation
films 31 is effectively suppressed so that thin-film transistors 8
may be prevented from abnormal characteristics due to such

electrostatic destruction.

. [0074] Accordingly, thin-film transistors 8 formed at
display dots 5a, 5b and 5c of pixels 5 are highlly protected. Point
defects at display dots 5a, 5b and 5c of pixels 5 caused by the
electrostatic charges are significantly reduced in the washing
process between the formation of interllay.er film 33 and the coating
of video signal lines 13 with such simple provisions 6f dummy holes
36 as made through interlayer film 33 up to gate electrode and
scanning lines 11. In short, thin-film transistors 8 are protected

from damage without substantially additional processes.

[0075] Thus, the yield rate of liquid crystal display device
1 provided with thin-filrﬁ transistor array. substrate 2 increases
remarkably. The structure of dummy holes 36 of the present
invention is particularly suitable for liquid crystal display deviée 1
provided with thin-film transistors 8 containing poly-crystalline
silicon semiconductor films 21 for display dots_ ba, 5b and 5c of
pixels 5 and large display size liquid bcrystal diéplay devicé 1

provided with long gate electrode and scanning lines 11.

[0076] Since dummy holes 36 are filled with coating film
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coating film 37, and v1deo 51gna1 lines 13 and interlayer film 33 are
coated with evening film 41, the provision of dummy holes 36 does

not result in incorrect operations or damages of thin-film

transistors 8.

[0077] Although dummy hole 36 is provided for every
display dot 5a, 5b or 5c of pixel 5 in the first embodiment, dummy
hole 36 may be provided for every particular color display dots,
such as blue color display dot 5c of pixel 5, at wider width member
38 as shown in Fig. 6. In other words, e?ery pixel 5 is provided with
one dummy hole 36 énd wider width member 38 for a specific one of

color display dots 5a, 5b and 5c.

[0078] As another embodiment of those shown in Figs. 1
and 6, a pluralify of dﬁmmy holes 36 may be provided for every one

of display dots 5a, 5b and 5c.

[0078] Thus, one or more dummy holes 36 may be
provided for every one of display dots 5a, 5b and 5c¢ or two or more

dummy holes 36 may be provided for every pixel 5.

[0079] Although liquid crystal composition 56 is held
between electronic circuit array 2 and counter substrate 51 as an
optical modulator in the embodiments described above, an organic

electro-luminescent element or other light-emitting elements may
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[0080] Further, gate driver circuit 14, video signal circuit
15 and driver circuit 16 are integrated with thin-film transistor
array substrate 2 at circumferences of display region 4 on glass
substrate 3 but they may be provided separately from, and

connected to, thin-film transistor array substrate 2.

[0081] The present invention is not limited to the
embodiments described above. Although the invention has been
de.scribed in its applied form with.a certain degree of particularity,
it is understood that the present disclosure of the preferred form
can be changed in the details of construction and the qombination
and arrangement of components may be resorted to withoult
departing from the spirit and the scope of the invention. as
hereinafter claimed. Some components of the embodiments may be
eliminated or various components from different embodiments may

also be combined.

23



C10H. 10@ 109%& ()-! 21 10%& ()- !  s!10%& ()-! ! 109 ()-s M 10%& ()- 10H

" 10H$gY%g&gHhhj | @I m\N/ 9-1109% & ()-9)s! 10% & ()-"

109 & ()-98 1109 & ()-310% & ()- &F ! 10% & ()- 10

10111111 mop_=9-11&#s!10% " & ()-!& !10%"& ()-9F 1 10% & ()- 10" 10" 10"y:
109% & ()-,810% & ()- ppqqqqqqs{\:9! ! 109%4H& ()- f10%& ()- 10" 10" 10"ly:
1098 & ()-1821109%"& ()- & 110%"& ()-s_ubucudueuyuu&~ @' 109%& ()-
109&' ()-10% & () - What is claimed is:

1. A semiconductor device, comprising:
a semiconductor layer;
an insulation film provided on said semiconductor layer;
electrically conductive lines formed on said insulation
film; and
an interlayer film formed on said lines and proyided with
a first aperture connected to said semiconductor layer and a

second aperture connected to said electrically conductive lines.

2. An electronic circuit array substrate, comprising:

the semiconductor device set forth in Claim 1; and

an optically transparent substrafe on which said
semiconductqr device is formed, Wherein'Said semiconductor layer,
said insulation film and said electrically conductive lines form

thin-film transistors.

3. An electronic circuit array substrate according to
Claim 2, further including display region and dis.play dots disposed
in said display region, wherein said thin-film transistors are
provided for said display dots and said second aperture is provided

for said display dots of said display region.

4. An electronic circuit array substrate according to

Claim 2, further including display region and dispiay dots disposed
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for each one of said display dots of said display region.

5. An electronic circuit array substrate according to
Claim 2, further including disblay regioﬁ and pixels of at least color
display dots dispbsed in said display region, wherein said thin-film
fransistors ére provided for said display dots and said second

aperture is provided for each one of said pixels.

6. An electronic circuit array substrate according to one of
Claims 2 through 5, further including coating film filled in said

second apertu.re defined in said interlayer film.

7. An electronic circuit array substrate according to
Claim 6, further including a signal line connected :to said
semiconductor layer of said thin-film transistor, said coating film

- being formed in the same process as said signal lines.

8. A method of manufacturing an electrqnic circuit array
substrate, comprising:

forming a semiconductor layer on an .optically
transparent substrate; |

forming an insulation film. on said semiconductor layer;

forming electrically conductive lines on said insulation

film;
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making a first aperture through said interlayer film and

said insulation film up to said semiconductor layer;

making a second aperture through said interlayer film up
to said lines; and

washing said interlayer film after said second aperture is

made.
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