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SEM CONDUCTOR DEVI CE, ELECTRONI C CI RCU T ARRAY SUBSTRATE P DED W TH THE
SAME AND METHOD OF MANUFACTURI NG THE ELECTRONIC CIRCU T AR%I’WWMMF
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This appli cat

upon and clainms the benefit of priority fromthe prior Japanes®ssRat ent

Application No. 2003-41 i 2003, the entire
contents of which are |ﬁ'ﬁgf gfgg”lplﬁl [ é&ation by reference. FIELD
OF THE | NVENTI ON [0002] This invention relates to a sem conductor device

I ncluding a sem conductor |ayer arranged apart froman electrically

L e i o SLT AT USR5
Crystal display oo esRabEPEORIRED Wi B AME A8, cvited with
sandw eh RSO MASUERUFURING 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 invention relates to a sezﬁiconductor device

- including a éemiconductor layer arranged aparf ﬁ'om an electrically
conductive. layer or line, an electronic circﬁit .array substrate

provided with the semiconductor de_vice _”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
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~I~MIITITMIMIMIILI~~l~~I | ~ *000002* circuit array substrates, counter
substrates and liquid crystal conpositions as shown i'n Japanese Patent
Publ i cati on 2000- 187248 (particularly, see descriptions at pages 4-6 and
Figs.1-3), for instance. The electronic circuit array substrates include

I nsul ation substrates such as glass plates on which pixels are configured
ina mtrix form Each pixel contains a set of red, green and bl ue

.col or-di sptayitdarsayf subishsi terge coaathr obublsichtd sncdndieki gavidi »eelystal

el ectrode, an electric capacitor and thin-filmtransistors. [00041 Further,
i sl and- | ickenpadiyicny asaHdwa isi J apanete | Bstentf Bubilitsitao €0 20 -4 874 d on
the electronic circuit array. substrate. The silicon filnms are covered

W th a gdpaertiesilhalyi oseti Idusenipibab, ati pdgesn, 4saandnFilgsnks3)coficeect ed to
gate el ectrodes disposed. Auxiliary electric capacitor |ines are provided
apart franstdmece sSthenelegttonschunibnrrhe gabetrateuliaicl adefinsmlaflii051 The
scanning lines and the auxiliary electric capacitor lines are coated with

an i nt er lsaystratedbachons fglhes glatesgn whieh pixdélacirdebasigiedmdes Signal
lines are formed on the interlayer filmand are electrically connected to
the pol ynatyist dbrmneEsidh qoxell ayentdisoughdthefcosd agirekrel esnd nblve ch
electrically conductive materials are filled. [0006] The array substrate is
provi ded coppodiépldyo déis, for instance, each of which includes a. pixel

electrode, an electric capacitor and thin-film transistors.

[0004] Further, island-like poly-crystalline silicon films,
for instance, are formed on the electrbnic circuit array substrate.
‘The silicon films are covered with a gate insulation film on which,
in turn, scanning lines éonnect'ed to gate electrodes disposed.
Auxili.ary electric capacitor lines are provided apart from ‘the

scanning lines but on the gate insulation film.

[0005] The scanning lines and the auxiliary electric

- capacitor lines are coated with an interlayer insulation film
through which contact holes are made. Signal lines are formed on
the interlayer film and are electrically connected to the
poly-crystalline 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.
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counter ‘substrate which includes an insulation substrate such as a gl ass
substrate,and color filters formed on the insulation substrate. 2 Aliquid
crystal conposition is held between the electronic circuit 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 |Iliquid crystal

di spl ay devpoedofryshiad coppeositnoparst held dretwessed ther ebectipemsonakcetnput er
requires red, green and blue color-display dots per pixel so that its

el ect ronarray aou toanteay sshisstateseandsis bealepk aticiecumifehenevendlthe | | i ons
of pixels with them[0008] D splay requirenents for such a. liquid crystal
di spl ay skebstomteavisy laeeeakaedent |y quite high in level. One such

requirenent is to have as little point-defect pixels as possible or no

poi nt-defect pixels. It is, however, extrenely difficult to manufacture
liquid crystal display devices with little or no point-defect pixels at a
good yield rate. [0B0§] Theiligunparmyanal tdisppapvdereice degoribent ydimaite di spl ay
device with no point-defect pixel structures or nethods of nmanufacturing

t he sanene¢d900lacpe whnther bf pixelsdd displiynta- ded ectofpdatd s A golor

el ectro-static destruction in manufacturing an electronic circuit array
subst r at Bqofid aciyisgal dicpysty aledicepb iy hdetiype., iAbparbtidular, used for a

personal computer requires red, green and blue color-display dots
per pixel so that its electronic circuit array substrate must be

provided with several millions of bixels with them

[0008] Display réquirements for such a liquid crystal
display device have been recently quite high in level. One such |
requirement is to have as little point-defect pixels as possible or no
.point-defect pixels. It 1is,- how.ever,. extremely_- 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
elect;o-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 electro.-static destructions in the case that an electronic

circuit array substrate is washed after the formation of



characteristics of the thin-filmtransistors, for instance, may be caused
by el ectro-static destructions in the case that an electronic circuit
array substrate is washed after the formation of 3 poly-crystalline
silicon filnms patterned for thin-filmtransistors, a gate insulation film
scanning lines, auxiliary capacitor lines, an interlayer insulation film
and contact holes in the interlayer and gate insulation filnms on the

el ect ronpelyicrystallane syjlisobsfidate patterned Hot orteirt-fid nf dreatsi ororef asi gnal
lines on the interlayer insulation film SUMVARY OF THE | NVENTI ON [ 0010]
Accor di ngeye inselptimgedilm nseaminongplinedsiesusiliseyi conatitborlideyj am _
configured to suppress electrostatic destructions, an electronic circuit
array substerdagepriosivdetion tfhlmt émedsem cortdholey idevhedntedl oy setahatl of
manuf acturing the electronic circuit array substrate. [0011] The first
aspect ofathgnprdstion filmenbnothe eldctreatiectirtuitaaseai cnrskiehoe, denj ce
provided with a sem conductor layer, an insulation filmformed on the
seni condbefare Itimeeformbadiin i af Isigral linesedn othd hetierbay et iigRulation and an
interlayer filmfornmed on the I|ines and containing a first aperture
connect efilo the semi conductor |ayer and a second aperture connected to
the electric Iines.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention provides a
semiconductor device configured fo suppress electrostatic
destructions, an electronic circuit array substrate provided with
the semiconductor device 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 a semiconductor layer, an
insulation film formed on the semiconductor layer, electric lines
formed on the insulation film, and an interlayer film formed on the
lines 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
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[0012] The second aspect of the present invention is directed to a nethod
of manufacturing a transistor array substrate including the steps of

form ng a sem conductor |ayer on an optically 4 transparent substrate,
formng an insulation filmon the sem conductor |ayer, formng |ines on
the insulation film formng an interlayer filmon the lines, making a
first aperture through the interlayer filmand the insulation filmup to

t he sem toamispawent | spdrstrmiki ndoamsegondnapensulatiomr ofign t hen i rither | ayer
filmup to the lines, and washing the interlayer filmafter the second
apert ur eseimscondactpndazerwohmihgslisesuen e anshibatioet fibo, felremixiche front
surface of interlayer filmis washed with the fluids after the second

apert ur eaipsintegéay éodghn ion tkedone § cmdilsoigaadesst apectuer threupbttdrd i al |y
the sane as the ones stored in the sem conductor |ayer, are carried into
the |inesntddaglkrt fidns eoohdtlapamsarletickthuGlm tipe tel éber sempotedtichdr at t he
lines is substantially equal to the one at the sem conductor |ayer. As a
resul t, bthpet,rmstkimigcadestonttdpartofire tHo sehitdendoute dayies Bimeopi el y
suppressed so that the yield rate of an electronic circuit array substrate
“can be i thedveds sagdiwashnhgythe 11BRIrEry SR RTEENtBE SEdiandRAPE NGB 0014] A
nore conpl ete appreciation of the present invention and many of its

att endanis aaxdat ages will be readily ' '

[0013]. With this structure and/or method, when the front
surface of interlayer film is washed with the fluids after the second
aperture is made though it, electric 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 one
at the semiconductor layer. As a result, électrostatic destruction of
the semiéonductor is effectively suppressed so fhat the yield rate of

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

[00 14.] A more complete appreciation of the présent'
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:



_ obtained as the same becones better understood by reference to the

follow ng.detail ed descriptions when considered in connection with the
acconpanyi ng drawi ngs, wherein: 5 [0015] Fig. 1 is a schematic plan view of
an electronic circuit array substrate in accordance with the first

enbodi mrent of the present invention; [0016] Fig. 2 is a cross-sectional
view of the electronic circuit array substrate not conpleted but fornmed up
to the formatiorl06f5anFigt dr isyeerschielmatied ptan siewgofiae dlecttostown in
Fig. 1; [0017] Fig. 3 is a cross-sectional view of the electronic circuit
array subsicuat emraly sobptettedirbatccénd ande upitio theefir§oremmbodimentt o

interlayer filmand cut along line IIl-11l1 shown in Fig. 1; [0018] Fig. 4
is a cirthetpretiseagqrtamvaintibe; el ectronic circuit array substrate shown in
Fig. 1, [0019] Fig. 5is a schematic cross-sectional viewof a Iliquid

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 suldeOnstleFig 2ccoradaroesvicdtiéhel sdeendhfethodéentonid t he
present invention. ' '

circuit array substrate not completed but formed wup to the

formation of an interlayer film and cut along line II-II shown in Fig.

1;

[0017] Fig. 3 is a cross-sectional view of the electronic
circuit array substrate not completed but formed up to the

formation of the interlayer film and cut along line III-III shown in

Fig. 1,

[0018] Fig. 4 is a circuit diagrém 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



. DESCRI PTI ON OF THE EMBODI MENTS 6 [0021] Enbodi ments of the present
invention.wll be described belowwith reference to the attached draw ngs.
It should be noted that the present invention is not limted to the

enbodi nents but covers their equival ents. Throughout the attached

drawi ngs, simlar or sane reference nunerals show simlar, equivalent or
sane conponents. [0022] A liquid crystal display device of the first

enbodi ment will be described below with reference to Figs. 1-5. [0023]
Liquid crystal display device 1 includes an electronic circuit array
substrate such asOPRLh- Emhodimesitst of theapresebtt imvenfionn whlilche
top-gate-type thin-filmtransistors 8 are provided as shown in Fig. 5.

Thi n-fi | desgrahsdshelovarridh seferensect®@ thhattachedt drgwlings. dptsihoaildy
transparent and electrically insulating substrate 3 such as # 1737 glass
subst r atlee navatedct thatd bhe @oresiend |mcenpopat 8. 10024 misedhown the Fig. 4,
gl ass substrate 3 contains display region 4 on its primary surface.

Di spl ay ¢myioshments pbati deevews t h{&it aregpaivateets of Tlincelghdut n themat ri x
form Each pixel 5 contains at |east two-color display-dots and,

parti cul aftlachededdragiees, asidnbllare ol samei spifayedot snsanbealan ¢hew

enbodi nent. ' These display-dots 5a-5c¢c are regularly, repeatedly disposed
in pi xelsinsilar, equivalent or same components. ' '

[0022] A liquid crystal display device of the first

embodiment will be described below with reference to Figs. 1-5.

[0023] Liquid crystal display device 1 includes an
electronic circuit array substrate such as thin-film tranéistor array
substrate 2 in which top-gate-type thin-film transistors 8.' are
provided as shown in Fig. 5. Thin-film transistor arfay substrate 2
hés a rectangular, optically transparent and electrically insulating
substrate 3 such as # 1737 glass substréte manufactured by

Corning Incorporated.

[0024] As shown. in Fig. 4, glass substrate 3 contains
display region 4 on its primary surface. Display region 4 is provided
with a large _humber of pixels 5 in a matrix form. Each pixel 5
contains at least two-color display-dots and, particularly,' red,
green and blue color display-dots Ha-5c in the embodiment. These
display-dots 5a-5c are regularly, repeatedly disposed in pixels 5.
Display-dot 5a, 5b or 5c is basically composed of pixel electrode 6,
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. Display-dot 5a, 5b or 5c is basically conposed of pixel electrode 6, 7
accunul ati.on capacitor 7 and thin-filmtransistor 8. [00251 Gate el ectrode
and scanning lines 11 made from nol ybdenum alloy 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 scanning lines 11 are
connected to thin-filmtransistors_8. %_00261 Auxiliary capacitor |ines or
common capairtehation separiter & ppdibdaglibey heenstdrs &l ect rode and scanni ng
lines 11 in the horizontal direction of glass substrate 3, are equally
spaced in the vertical direction and are disposed in parallel with gate

el ectrode and sczs[g)ni ng Lines 11. Further, common capacitor lines 12 are
el ectrically conr®&26d B@tacelanirade oandr seamningrlingisxdl medeadromrs 7 and
thin-filmtransistors 8 [00271 Video signal lines or signal |line |ayers 13

are formelybdamens allare age gligposedban agdass i aubssrate t Becdn dilrect i on,
are equal ly spaced. in the horizontal direction and are made of Al and

hi gh mel Biogézqmtadt direchion amegsare ogzgicatlvirspase dcin manaldel gdth erdhver
circuit 14, provided _al ong a horizontal (left) edge side of glass

subst r at etBetorfFatnselastrede r agidstsean mingrt libeal M cormecerdette Gate

el ectrode and _scanning lines 11 of thin-filmtransistors 8.
"~ thin-film transistors 8. '

[0026] Auxiliary capacitor lines or common capacitor
lines 12 are provided between gate electrode and scanning liﬁes 11
in the horizontal direction of glaés substrate 3, are équa__lly spaced
in the vertical direction and a-re disposed in para11e1 with gate
electrode and scanning lines 11. Further, comrﬁo_n capacitor lines 12
are electri'cally connected to accumuiation or auxiliary pikel

capacitors 7 and thin-film transistors 8.

[0027] Video -signal lines or signal line layers 13 are
formed 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 melting point metal films.

[0028] Y driver circuit or gate driv_er circuit 14 provided:
along 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.



.. 8 [0029] X driver circuit or video signal circuit 15 provided along a
vertical (upper) edge side of glass substrate 3 contains driver circuits
el ectrically connected to video signal lines 13. Common capacitor |lines 12
are together electrically connected to .driver circuit 16. [0030] Wth
reference to Figs. 4 and 5, thin-film transistors 8 are provided as
switching elenents of pixels 5. . Thin-filmtransistors 8 include
sem conduct or | aJ@P39bX fxdnee¥ corauis Ny vidoesdEnaheisenitchp Brsrmdedon
undercoat_ filns, not shqwn, de. fromsilicon oxide and/or silicon
nitride.alcooRy veatical 339&6%@% |51€len o el avhdwdisdrataydreontaingr e nmade
by anneal i ng anmorphous silicon filns to nelt and _re-crystallize with an
exci mer Qeyer. cpetyiter pdeainipabysidongsrtedertioc oridget gighalebigies bie
sem conductor patterns of thin-film transistors which have active |ayers
of channepmmgnosaragitar gy 12caner bogidran edectrapallyoaprneatrd dicai n
regions 23 and 24 on both end portions of channel regions 22. [0032]
Channel f®igiegneirgnit 46urce and drain regions 23 and 24 and the under coat
filmare covered with gate insulation film 31 made from silicon oxide.
Gate. insulation film31 is a 150 nm thick silicon oxide filmdeposited by
appl ying a plasma chemcal deposition nethod. In other words, silicon
oxi de gate insul 40038l With reference to 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 and
.re-crystallize with an | excimer laser. Poly-crystalline silicon
semiconductor layers 21 are semiconductor patterns of thin'.film
transistors which have active Iayers of channel regiohs 22 ét their

: centfal portions, 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 chemiéal
deposition method. In othér words, silicon oxide gate insulation

film 31 is formed on poly-crystalline silicon semiconductor layers
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. film31 is formed on poly-crystalline silicon sem conductor |layers 9 21.
[ 0033] Pai.rs 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 electrode and scanning lines 11 to
formtheir parts as showmn in Fig. 1. In short, gate electrodes 32 are
formed t%l-be individual narrow rectangle in shape projecting vertically
fromgate electrode and scanning lines 11. [0034] Here, gate insulation
film31l is put between gate electrode and scanning |ines 11 and
poly-crystalline silicon sem conductor |ayer 21 which are laid to overlap
each other. In 00033l Wdairs ofmarmivectacdddacindzatamdentrddercS2 hrar e
separated from poly-crystalline silicon sem conductor layer 21 by gate
i nsul at ifomnféd ne31gat@o3sjulademniibapadi trmoviidadsoppoatte ftor vharorelgat e
insulation film31 as shown in Fig. 5 while drain electrodes 39 are
provi dedragiiphsel2endi tlyi rpdrln otrsarogipbers 5.t & atemedecompes 3 atd des 12
t hrough interlayer film 33. Thus, accunulation or auxiliary pixel .
capaci t grardllal eviddf ieaet byhéentand sy spialced38lamg, asldecomodededf tgomon
capacitor lines 12 and extendi ng portions

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 insulation film 31 is put between gate
_electrode and scanning lines 11 and poly-crystalline silicon
semiconductor layer 21 which are laid to overlap each other. Ip
other words, gate electrode and scanning lines 11 are separated
from poly-crystalline silicon semiconductor layer 21 by gate

insulation film 31.

[0085] Common capacitor lines 12 are formed on gate
insulation film 31 as shown in Fig. 5 while drain electrodes 39 are
provided with extending portions opposite to common 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 éxtending portioné
from drain electrodes 39 between which interlayer film 33 is

inserted. Common capacitor lines 12 are electrically isolated from
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. fromdrain electrodes 39 between which interlayer film33 is inserted.
Comon capacitor lines 12 are electrically isolated from 10 gate

el ectrodes 32 of thin-filmtransistors 8 Comobn capacitor |ines 12 are
made fromthe same materials, and by the same process, as gate el ectrode
and scanning lines 11. [0036] As descri bed above, interlayer film33is
coated on commn capaci tor ines. .12, gate el ectro%es 32, gate el ectrode
and sca#fieng! PF"rFé’éiefl 3an@f g%hlél THIy ARt S qfﬁt”éﬁ’lla%?aﬂ P33 is
made from stacked filns of 350 nmthick silicon nitride and 450 nm thick
si|i con larpae Zaposrede fpym HppisRReg Ta b Haks RREMEEheRATaL PIREFSSI ti on
method. Here, interlayer film33 is provided on a primry surface of gate
el ect r oS gde sIaA ppdescannyng lomes Hd- opposite side with respect to
poly-crystalline silicon sem conductor layer 21. _ [0037] As shown in
Figs. 1, 3 and 5, contact holes 34 and 35 are made through interlayer film
33 and gate i nsul at i Oj’] film31 as first apertures of electrically
conductive conpoh@hB€l Asodeaeribesopbevesintrrlagearfilm, 8diigeeratiedhbrh si des

of gate electrodes 32 of thin-filmtransistors 8 and connected to _source
and dr ai ¢PIRERPBRARFACItehiliRGS 17,1 gabsiedeetrodes Basmatei ekrgtrofigoasy
Further, as shown in Figs. 1 and 2, dummy holes 36 are nade_through

i nt er | ayesqanping dmespliandmadecinenladden £akn 31. Interlayer film 33 1s

made from stacked films of 350 nm thick silicon nitride and 450 nm
thick silicon oxide deposited by applying a plasma ch’emical vapor
deposition method. Here, interlayer film 33 is provided on a
primary surface of gate electrode and s.canning' lines 11 and on the

opposite side with respect to poly-crystalline silicon semiconductor

layer 21.

[0037] As shown in Figs. 1, 3 and 5, contact holes 34 and
35 are made through interlayer film 33 and gate insulation film 31
as first apertures of électrically 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 electrode and
scanning lines 11 as second apertures of eléctrically conductive
.components. Dummy holes 36 are provided for respective display

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

11



. scanning lines 11 as second apertures of electrically conductive
conponents. Dummy holes 36 are provided for respective display dots of
pi xels 5 on glass substrate 3 of thin-filmtransistor array 11 substrate
2. In other words, each dummy hole 36 is nmade for every display dot 5a, 5b
or 5c. Dumy holes 36 formaperture patterns nade through interlayer film
33. [0039] Dummy holes 36 are made through interlayer film 33 to expose
parts ofswastaadkett Jo@shgndvecdaneaghl dweynyhely Bégw miAe RO CFELY ¢
charges stored at poly-crystalline silicon sem conductor |ayers 21 of
thin-fildsplassidet dras” 8barwe 5¢i SeH@m@edholah 36 fprms gperéyse s yierages
i nposed on gate insulation film31 which is put between poly- crystalline
si | i con medecthdeegbrintaybager flm@d.gat e el.ectrode and scanning lines 11
so that electro-static destruction of thin-filmtransistors 8 can be
reduced. [0040] Contact holes 34 and 35 and dummy holes 36 are filled with
patterns of coating filns such as electrically conductive layers 37 which
are made from t hé083A Draneniyaheless 36i aep madadibrovghednterlayesrfibmsur f ace
washi ng process for interlayer film33 with etching or electrolysis
|i qui ds. 38dmdesppye danfersf 82t elpetnddednshscannengaliaestll whzgughd fill ed
in dummy holes 36 to cover the exposed parts of gate el ectrode_and
scanni ngwhinbs Flectridunchaxgees .s36red CoaductriolE -¢rxisdiadlizp arsdliegde from
the sane nmaterials and by the '

semiconductor layers 21 of thin-film transistors 8 are discharged.

Thus, it suppresses voltages imposed on gate insulation film 31
which is put between poly-crystalline silicon semiconductor layers
21 and gate electrode and scanning lines 11 so that electro-static

destruction of thin-film transistors 8 can be reduced.

[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 interlayer_film. 33 with
etching or electrolysis liquids. Conductive layers 37 is provided on
interlayer film 33 and filled in dummy holes 36 to cover the exposed
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
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sane process as video signal lines 13. [0041] Gate el ectrode and scanni ng
lines 11 are provided wth rectangular wi der width nmenbers 38 expanding in
a vertical direction in the vicinity of dumry, holes 36, which are nade
12 through the central portions of wider width nenbers 38. Dummy holes 36
are provided for respective display dots 5a, 5b and 5c of pixels 5 and
bet ween adj acent pairs of gate electrodes 32 integrated wth gate
el ect r odérep s ddencentralnportipns] obapidaigdh m¢wders d8h IdBrbay 38 of
di splay dot 5a is disposed approximately in the m ddle between drain
regi on ZHolksfs 3Phane frinovidedniirsrespectineddsylay dots5w.ahl sodr 8e olegi on 23
of thin-filmtransistor 8 in display dot Sb along gate el ectrode and
scanni ngpriXele Slandiyefeveon didianenbaadrg®ifatdi elsicdyodes Sbntagraed are
also arranged in simlar manners to the above described one. In addition,
wi der wiwith peibeslecgsode angk svadning dipedjldct vertically fromgate
el ectrode and scanning line 11 in the reverse direction to the one to
which pairs of gate el ectrodes 32 project fromgate electrode and scanning
line 11. [0043] Video signal lines 13 are forned on interlayer film 33 and
al so put in cont#004RdIFsrtdversovidest midibomeirghar 38 wdsdisplayedot 5a
electrically connected to source regions 23 of thin-filmtransistors 8 as
sour ce elsedisporkes] approximately in the middle between drain region 24 of
thin-film transistor 8 in display dot 5a and source region 23 of
thin-film transistor 8 in display dot 5b along gate electrode and
scanning line 11. Wider width members 38 of display dots 5b and 5¢
are also arranged in similar manners to the above described one. In
addition, wider width members 38 are provided to project vertically
from gate electrode and scanning line 11 in the reverse direction to
the one to which pairs of gate electrodes 32 project from gate

electrode and scanning line 11.

[0043] Video signal lines 13 are formed on interlayer film
33 and also put in contact holes 34 so that video signal lines 13 are
electrically connected to source r.egions 923 of thin-film transistors 8

as source electrodes.

[004.4] Drain electrodes 39 afe' formed on interlayer film
33 and also put in contact holes 35 electricaliy connecting to drain
regions 24 of thin-film transistors 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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[0044] Drain electrodes 39 are fornmed on interlayer film 33 and al so put
in contact holes 35 electrically connecting to drain regions 24 of
thin-filmtransistors 8. Drain electrodes 39 and conmon capacitor lines 12
facing drain electrodes 39 hold interlayer film33 to formcapacitors 7.
Further, drain electrodes 39 13 are electrically connected to drain
regions 24 of thin-film transistors 8 through contact holes 35.. Drain

el ect r o@€ 3eleptElcaliie OMGRARE stive dF8dBr i BAEORAd ¢ torfje E}é%fﬂl“bcess as
video signal lines 13. [0045] Thin-filmtrangsistors 8 are copposed of
video dramnaistarsed tBroughr sentagh dreless 3donReatrgetestypaes gggﬁé? | i nes
13 through contact holes 34, drain regjons 24, drain el ectrodes 39
connect ddagde framnthegiarmeomatgrash agshbacthacsamesprocess \as Mdeq | ine
silicon sem conductor |ayers 21, gate electrode and scanning |lines 11,
gate insugae@ildines|1R.31 and interlayer film33. Thin-filmtransistors 8
are formed in matrix patterns on display region 4 of glass substrate 3.

[ 00461 Video signal lines 13, drain electrodes 39 and interlayer film 33
are coated with a profective |ayer of evening film 41. Evening film4l is
perforated to de{Q&’ém:o'ﬁha@tleGI dxansisigrisc¥ are evnposedd afo vddaprn

el ectrodes 39 of thin-filmtransistors 8. [0047] Evening film41 and

cont act sigbad ligegrld, sowarcedregions 23 connected fo video signal lines 13

through contact holes 34, drain regions 24, drain electrodes 39
connected to drain region 24 through contact holes 35,
poly-crystalline silicon semiconductor 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 lihes 13, drain electrodes 39 ‘and
interlayer film 33 are coated with a protective layer of evening film
41. Evening film 41 1is perforated to define contact holes 42, which

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

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

are coated with alignment film 43.
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. Wth pixel electrodes 6 nade of indiumtin-oxide (ITO thin filnms. Pixel
el ectrodes 6 are electrically connected to drain 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
alignment film43. 14 [0048] The front surface of thin-filmtransistor

Subst rate 51, il CvEh el Bhelran BEEOTase: Pl R e, Srenaiiar SaVor

pr ovi e ShF e backSsRPaBeBr SPHSTE Be: Far B RBN I Thl dfahi IRH™s are
Cranel StObeERds SUbSt Rt HCIPOeIOK TRLAHAF LS F LA Og8uRREP EPBct r ode
Cransi stoRAHgTSc s i As G SLaefolgacs BhacbURE SISk JULPET 181,

¢ eqi ona. PrUteHerh Gouhpek BRERCPOHRELAT SUESLE S WA HCA T RIERS P13 m 55,
NG e R R O N T
that thin-filmtransistor array sgbstrate 2 1s assenbled with counter

subst r atthimrfilpy, tEpBpistopiaTNaYepBEEIRIES26  of thin-filmtransistor array
substrate 2 are provided opposite to

[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 enough 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 trénsistor array substrate 2
is assembled with céunter substrate 51. In short, pixel electrodes 6
of _tlﬁn-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 are arranged to hold an optical modulation

layer of liquid crystal composition 56.

[0051] Next, a method for manufacturing the first

embodiment of thin-film transistor array substrate 2 will be
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. counter electrode 54 of counter substrate 51. Alignnment film 43 of
thin-filmtransistor array substrate 2 and alignnment film55 of counter
substrate 51 are arranged to hold an optical nodulation layer of liquid
crystal conposition 56. [0051] Next, a nmethod for manufacturing the first
enbodi ment of thin-filmtransistor array substrate 2 will be 15 described
bel ow. [0052] An anorphous silicon filmis deposited on the wundercoat film
by applyd%ﬁnébﬁdégﬁﬁ“bhenical vapor deposition nethod after gl ass
substrate 3 is coated with the undercoat film [0053] Subsequently, exciner
| aser beans are irradiated onto the anorphous silicon filmso that the
anor phous siIicoE fllr1 can be nelted and re-crystallized into a poly
-crystal line sili@ep2] fApmamousapusheilpern- Elyxtis (denosited con ﬁgpm i's
t hen doped and then subjected to a photolithography process to nmake
pat t er nsubfler¢aatafilmi ke popyyergsa aplasreasichiespiraderkponddepositiapers 21
as shown in Figs. 1 and 3. [0055] Next, a plasnma chem cal vapor deposition
net hod inethpgdl aBertglagspushatrate has wiadrdswitle sheoxnderepatefilasul ati on
film .31 on poly-crystalline silicon sem conductor |ayers 21 and the
. under coat .

[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

shdwn in Figs. 1 and 3.

[0055] Next, a plasma chemical vapor deposition method
- 1is applied to deposit 150 nm thick silicon oxide gate insulation 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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. [0056] Subsequently, a nmolybdenum alloy conductive layer is forned on gate
insulation film31 and the conductive layer is etched to nmake gate

el ectrodes 32, gate el ectrode and scanning lines 11 and comoDn capacitor
lines 12. 16 [0057] Source and drain regions 23 and 24 in poly-crystalline
silicon sem conductor filnms 21 of thin-film transistors 8 are doped with a
P- or NNtype inpurity by using gate electrodes 32 as phot Qmasks. ..[0058] A
pl asma chemi cal 1RQ®F] déposias oands Agair aggreRe t43depBdit 2950 1Am
silicon nitride and 450 nmthick silicon oxide filnms to forminterlayer
film 33 mrygetwstiadbiveat soncon| nsegnicopduster edtimae ahd dcaphingPnes 11
and common capacitor lines 12. [0059] A _photolithography process is
carri ed toanstistormk8 arodopet Wotlea B4 andN 35renmenyklivnbyr naieg g44%m 33 and
gate insulation film31 for source and drain regions 23 and 24 of
t hi n-fi lebectendé sB88ras Phatespeslksvel y, as shown in Fig. 3. [0060] Another
phot ol i t hography process is carried out to nmake dummy hol es 36 through
interlayer film33 to be connected to w der width nenbers 33 of gate
el ectrode and scanning lines 11 at display dots 5a, 5b and 5c, as shown in
Figs. 1 and 2. [lﬁOBﬁB?AAV\aslmsmgapﬁb@esscals el edepositioncliea®aH® front

applied to deposit 350 nm silicon nitride and 450 nm thick silicon

oxide films to form interlayer film 33 on gate insulation film 31,

gate electrode and scanning lines 11 and common capacitor lines

12.

[0059] A photolithography process is carried out to make
contact holes 34 and 35 through interlayer film 33 and gate
insulation film 31 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 36 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 5¢, 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
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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. surface of interlayer film33 wth fluids, such as etching liquid and
el ectrolyzed water of pure one bubbled with C02. Instead, an etching
process may be applied to the front surface of interlayer film 33 as such
a washing process. 17 [0062] Interlayer film33 is stacked with, and dummy
hol es 36 and contact holes 34 and 35 are filled with, a conductive |ayer
made of Al and high nelting point metal filns (the stacked structure of
which is not shown). The conductive layer is then etched in the sane
phot ol i t hography process for coating films 37 for dummy hol es 36, video
signal lines 13 f[BﬁﬁtZi oniteglagesditme 3%liscetadesd oWithi mrid| dunrawysi stors
8 .and drain electrodes 39 to be nade fromthe sane materials. [0063]
Furt her ,helesnBfiganhil epmtiadtshelts Bdl gndoBhearodilleddedtlsi gneadndintiyvel 3,
drain el ectrodes 39 and interlayer film33. [0064] Subsequently, an
et chi ng layeramadel ofufrl famnd dvighi mgelting Bainm metgHofidhi s Kblye agplagkpdocess to
make contact holes to be connected to drain electrodes 39 through evening
film 41.s{roessfreAof rahspharisntnadondwst nt.e Thid mamsludtémespayeerisd then eveni ng
film4l and in contact holes 42 to formpixel electrodes 6, which are, in
turn, subfjcdmdetn ttbeprronelnhdiodthurgr aplly girohe sg foproatmseSilnos BakBomi xel
patterns. [0066] Next, pixel electrodes 6 and evening film4l are

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

vide_ao signal lines 18, drain electrodes 39 and interlayef 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 transparent 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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. coated with alignnent film43. Gate driver circuit 14, video signal

circuit 15 and driver circuit 16 are provided at the circunference of

di splay region 4 on glass substrate 3 of thin-filmtransistor array 18
substrate 2. [0067] Alignnent film43 of electronic circuit array 2 is
arranged to face alignment film55 of counter substrate 51 and electronic
circuit array 2 is assenbled with counter substrate 51. Liquid crystal
conposi substbste £.put into a gap defined between electronic circuit array
2 and counter substrate 51 and tightly sealed with a sealant. [0068]
Finally, the basic structure described above and other conponents of
systemcircuits, polarizers, a back I'ight source, etc., are incorporated
into a liquid crigaal] dilsphmentefiloe 43 ofoelestraBieicse¢yitedr BBV 1B t he
first enmbodi ment, contact holes 34 and 35 are nmade through interlayer film
33 for mectramgegl desfaumstlignment Fhlanf pbnof qovunter subisirate kraprfim 33 is
washed with etching liquid or electrolyzed water before video signal |ines
13 are edattxbmin tireufit entrayuffizcessémhiedr wagkrcquntr3gubstpataisl.case,
however, even though such fluids are used after the renoval_ of electric
char ges Liqmd keystadl eotopasitiar gef iar pustinto asgawpedefingdl heewgsenal line
silicon sem conductor |ayers 21 through contact holes 34 and 35 because
the fl uvieddectynicacincudteatray 2 and counter 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 throxigh interlayer film 33 formed
on glass substrate 3. The front surface of interlayer film 33 1s
washed with etching liquid or electrolyzed water before 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-crystallinel silicon 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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.. charges for sone 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 19 silicon sem conductor |ayers 21 give
rise to electric potential differences between poly-crystalline silicon
sem conductor |layers 21 and gate electrodes 32 so that they may cause
electrostqtic destrucélon at_gate insulation film 31 di sposed between

pol y- cr ySH91 nge TILPRBHCERM ]c"dfﬁfli’ct% EEYRr E1s2] tonelgsteiceinetiedaal 32,
[00711 Igygrder to avoi d such electrostatlc destruction, dunnx hol es 36
are madedifersrenp e&d‘f%ersaw]abcwa !s’él%fmblic)@@l $exn1qoarLefie T REPTayer
film33 up to wider wd gate electrode and scanning |lines
11 bef or é1t ABdf BGke §lﬁqtaeéeéf 32| ﬁPeF]Pa?thﬁlma&B qausmgteatuestintine
fluids. [00721 Wth this structure when the front surface of interlayer
film 33 fAgstiiateenwi ph tBete | dingdlation diikmy ol esdiswosade medavadmough it
el ectric dischar which are substantially the sane as the ones stored
in pol y-BpiFk FﬁYFg%B1%$ﬁﬂbéﬁnééﬁﬂbbﬁﬁhﬁﬁﬁﬂr 14 yamsr 31 2md gegecedecteadént o gate
el ectrode and scanning lines 11 though dummy holes 36. Thus, the electric
potentia32at gate electrode and scanning lines 11 is substantially equal
to the one. at poly-crystalline silicon sem conductor |ayers 21.

[0071] 1.1.1 order to avoid such electrostatic destruction,
dummy holes 36 are made at display dots 5a, 5b and 5¢ 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 Qf
interlayer film 33 is washed with the ﬂﬁids after dummy holes 36
are made though it, electric discharges, which are substantially the
same as the ones stored in poly-crystalline silicon semiconductor
layers 21, are carried 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.

[00738] As a result, it suppresses the occurrence of
potential differences between - poly-crystalline silicon
semiconductor layers 21 and gate electrode and scanning lines 11,

e., that of voltages at gate insulation films 31 imposed between
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. [00731 As a result, it suppresses the occurrence of potential differences
bet ween poly-crystalline silicon sem conductor |ayers 21 and gate

el ectrode and scanning lines 11, i.e., that of voltages at gate insul ation
films 31 inposed between 20 poly- crystalline silicon sem conductor |ayers
21 and gate electrodes 32. In other words, the electrostatic destruction
of gate insulation filns 31 is effectively suppressed so that thin-film
transi stpely-8rystealline prlevemisethicromhuiinorlamyle re ok actdega b iedscihualdso such
el ectrostatic destruction. [0074] Accordingly, thin-filmtransistors 8
formed a32. dhopiheyr woirdsSdheseleatidoSatot gestehstomrd dgaghlinspiatieat ed.
Point defects at display dots 5a, 5b and 5c of pixels 5 caused by the

el ect r osfibmisc 3dhay gffective i gnipfp emseldy spetheedhim -fiflen ashisigtonss @dcess
between the formation of interlayer film 33 and the coating of video

si gnal |momgs HS wprehested §rompl elpravnsl ondach ctemmiyidsol dae 36 amchade
through interlayer film33 up to gate electrode and scanning lines 11. In
short, tdlectfodtratic dresitstotiond are protected from danage wi t hout
substantially additional processes. [0075] Thus, the yield rate of |iquid
crystal display device 1 provided with thin-filmtransistor array
substrate 2 increases renmarkably. The structure of dummy holes 36 of the
present inventi 60074] pArccbedimglyy shihdble fteansiguirg & ysémhed s ay
device 1 :
display dots 5a, 5b and 5c¢ of pixels 5 are highly protected. Point

defects at display dots 5a, 5b and 5c of pixels 5 caused by the
eleétrostatic charges are significantly reduced in the washing
process between the formation of interlayef 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-film transistor array substrate 2 increases
remarkﬁbly. The structure of dummy holes 36 of the present
invention is particularly suitable for liquid crystal display device 1
provided with thin-film transistors 8 containing poly-crystalline
silicon semiconductor films 21 for display dots 5a, 5b and 5c¢ of
pixels 5 and large display size liquid 'crystal display deﬁce 1

provided with long gate electrode and scanning lines 11.

[0076] Since dummy holes 36 are filled with coating film
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. provided with thin-filmtransistors 8 containing poly-crystalline silicon
sem conductor filnms 21 for display dots 5a, 5b and 5c of pixels 5 and

| arge display size liquid crystal display device 1 provided with |ong gate
el ectrode and scanning lines 11. [00761 Since dumry holes 36 are filled
with coating film 21 37 nmade fromthe same nmaterials as for video signa
lines 13 and coating film 37, and video signal lines 13 and interl ayer

fil m 33 &f anadeafret Wihehsavemimnatérilaks 405 foheideovsgroal bineduiByahdl es 36
does not result in incorrect operations or damages of thin-film

transi stagedisg {00757, ahdhodgle sigmal Ihoke 1% ainsl pntadldedrifolme¥@mye di spl ay
dot 5a, 5b or 5c of pixel 5 in the first enbodi nent, dummy hole 36 may be
provi ded:olade dewatly eyamingufidm ddl, dhedbspvmiodots dumuch hadebl 36 doelsor

di splay dot 5c of pixel 5, at wider width menber 38 as shown in Fig. 6. In
ot her words, reselty i xehcérrectpr opetetionist hor onkamargas hof e t Ron dittnwi der

wi dth nenber 38 for a specific one of color display dots 5a, 5b and 5c.

[ 0078] Asaaso$tvars &nbodi nent of those shown in Figs. 1 and 6,  a plurality
of dummy hol es 36 may be provided for every one of display dots 5a, 5b and
5c.. [0078] Thus, one or nore dummy holes 36 may be provided for every one
of display dots 5a, 5b and 5c¢c or two or nore

: [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, every pixel 5 is provided with
one dummy hole 36 and 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 plurality of dummy 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 5¢ 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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_ dumry hol es 36 may be provided for every pixel 5. [0079] Although liquid
crystal conposition 56 is held between electronic circuit array 2 and
counter substrate 51 as an optical nodulator in the enbodi ments descri bed
above, an organic electro-lum nescent element or other light-emtting

el ements may 22 be substituted for liquid crystal conposition 56 [0080]
Further, gate driver circuit 14, video signal circuit 15 and driver

ci rcui t bE6sabstitntedriarddqwid lerykial totopasidrst $t6or  array substrate 2 at
circunferences of display region 4 on glass substrate 3 but they may be
provi ded separately from and connected to, thin-filmtransistor array
substrate 2. [0081] The present invention is not limted to the

enmbodi nents descki(se] Bmovker Arhhodghveheirewint 4 onides sbeeal cteguiti bed in
its applied formwith a certain degree of particularity, it is understood
that the praskniridesctioswit I diweiptegeatesdd wihmthéarfiba ¢hamgesdorn t he
details of construction and the conbination and arrangenent of conponents
may be reageyt edbloradd Mouit coepanfeé o dasomft disdpiyr regaond 4 loen wlape of t he
invention as hereinafter clainmed. Some conponents of the enbodi nents may
be elisuisdtedter vasudushepnpoagntte fpoovdidd esephretdydifrom s amyg al so
be conbi ned. 23

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 ceftain 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 arrang.ement of components may be resorted to Withou_t
departing from the spirit and the scope of the invention as
hereinafter claimed. Some components of the embodiments may be
eliminated dr various components from different embodiments may

also be combined.
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LLOYDWSE daim 5 1. A nethod of manufacturing an electronic circuit
array- substrate, conprising: form ng a sem conductor |ayer on an optically
transparent substrate; form ng an insulation filmon said sem conductor

| ayer; 10 forming electrically conductive lines on said insulation film

formng an interlayer filmon said electrically conductive
first aperture through said interlayer filmand 15 said ins

ILLO¥B WISkKki ng a
ulation filmup

to said sem conductor |ayer; making a second aperture through said
interlayer filmup to said |ines; and washing said interlayer filmafter

said secondoppg:ture is nade. 20 24

5 1. A method of manufacturing an electronic circuit array

substrate, comprising:
forming a semiconductor layer on an

transparent substrate;

optically

forming an insulation film on said semiconductor layer;

10 forming electrically conductive lines on said
film;
forming an interlayer film on said -electrically

lines;

insulation

conductive

making a first aperture through said interlayer film and

15  said insulation film up to said semiconductor layer;

making a second aperture through said interlayer film wup

to said lines; and
washing said interlayer film after said second
made.

20
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