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This application is based upon and clains the benefit of priority fromthe—

=prior Japanese Patent Application No. 2003-3.67276, filed o_nmm mmﬂ‘ﬁ
2003, the entire contents of 10 which is incorporated in thi ’H’n
by reference. FIELD OF THE I NVENTION This invention generally rel‘zlag es, to"a
circuit array substrate with switching elenents and a flat panel gl §p| ay
15 device provided with such a circuit array substrate. B ! _
| NVENTION A prior art flat panel display device, such as an ammmlllmmmm
type. liquid crystal di SPTQT]_QEVOWT(IQM—Q@}WE;NM 20 anor . Al
thin-filmtransistors as switching elenents of pixels because the;c%ooﬁgtl ve
sem conductor |ayers, such as anorphous silicon films, can be unitormy
formed on a 1 ti 5- large-area optically-transparent substrate at

relatively |l ow tenperatures. Recently, thin-filmtransistors for driver
CIRCUIT ARRAY SUBSTRATE AND

FLAT PANEL DISPLAY DEVICE PROVIDED WITH THE SAME

CROSS-REFERENCE TO RELATED APPLICATION

This application is based updn and claims the benefit
of priority from the prior Japanese Patent Application No.
2003-367276, filed on October 28, 2003, the entire contents of

10 which is incorporated in this application by reference.

FIELD OF THE INVENTION

This invention generally relates to a circuit array
substrate with switching elements and a flat panel display

15 device provided with such a circuit array substrate.

BACKGROUND OF THE INVENTION

A prior art flat panel display device, such as an active

matrix type. liquid crystal display device (AMLCD) includes

20 amorphous silicon thin-film transistors as switching elements
of pixéls ‘because their active semiconductor layers, such as

amorphous silicon films, .can be uniformly formed on a
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stircuits have been also forned at circunferences on the sane substrate as
“those for such switching elenents. It is disclosed 5 in Japanese Unexam ned
JFatent Publication 2000-187248, and, particularly, at its pages 4 through

«6 and Figs. 1 through 3 that the active sem conductor |ayers of such
thin-film transistors are made from pol ycrystalline silicon because the
nmobility of the polycrystalline silicon by electric field effect is 10
greater than that of the anorphous silicon. Since the substrate of a prior
art AMLCD, however, is made of a glass plate which is optically
transparent and electrical insulation, static electricity is charged on

the 15 substgertare alhep sitcatll ¢- €t £65phadietit AV SOSd fOYat he SiM Iy ow
elements or the driver circuits to significantly lower a yield of the
AMLCD. THe Bpgiriad wdesct ri &egembky bethihifiier &saasiszersoffdrhedsinost rat e

has been hi er.v€s aresult, elgctrostatic. destruction of the swtching
elenents‘gﬁg%dﬁﬁ Avej begipt alsofgamgtedtacinsmderencals probhensamen t he
subst r at ' t§ rd.Ci . for . instance, is,lifted uyp by
pi ns or ?Ss&%?g%%ge \(/)Mnst g?g%gc{(grdggcg}s S“?lr%&r%ua{l%re(%ﬁﬁmdee%g%t zéel,s g% cfeedyst at es

at post i ans Jafp 4 fies @ auRati i 8dOPat B@tPP D 1962 PRAS 2006 1 8 7B tywge of
the other portions of the substrate. They cause redistribution’ of charges

2 of the Banticklairdytratiity pagemts wditageb 6t abhle Figd.i dnsheb ulgie 3
substrat e ,on . i
that the active semiconductor layers of such thin-film
transistors are made from polycrystalline silicon because the
mobility of the polycrystalline silicon by electric field effect is

10 greater than that of the amorphous silicon.

Since the substrate of a prior art AMLCD, however, is
made of a glass plate which is optically transparent and
electrical insulation, static electricity is charged on the

15 substrate. The static electricity may destroy the switching
elements or the driver circuits to significantly lower a yield of
the AMLCD. The static electricity has been higher as a size
of the substrate has been bigger. As a result, electrostatic
destruction of the switching elements and driver circuits

20 becomes a more critical problem.

When the substrate charged with static electricity, for
instance, is lifted up by pins or is placed on projected pads
from a grounded stage, grounded states at portions of the

25 substrate on the pins or pads differ from those of the other

portions of the substrate. They cause redistribution of charges
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zthe pins or pads are induced several-tens of tinmes or nore than those of

“the other portions of the substrate. 5 In the case, particularly, that a
gate insulation filmis formed at small polycrystalline silicon patterns
«I'solated frommaj or ones on the substrate, that |ong gate-el ectrode |eads
are formed on the gate insulation film and that electric capacitors are

formed bet t he .po rystalljn ilicon.patterns th at e- el ectrode
| onds. sucht EBastivE Blebpitits po chat yalases g theeodidhy 1B abbs At pinas. o
more adverse affect than when the substrate is lifted up by pins or is

pl aced on phejrdns ed ppddare inducateseyesahtrns ofitimes or mexs: thaux thase of the
destruction may occur between the polycrystalline silicon patterns and the

gat e el ect ropHer pofteens dfthet difstiaeds, it is highly possible for the static
electricity to destroy the thin-filmtransistors. 15 SUMARY OF THE

| NVENTI ON  Accordingly, the present invention provides a circuit array
substrate to prevent the occurrence of such electrostatic destruction in

thin- filmtransistors and a fl at ne isplay. wth.the sane. 20.3
Accordifig to a fi FIpt (Fase; Tt &y o theth ate mﬁeiaglqrgﬁbm&g&a@ae‘é a¢i rcuit
array substrate as defined in claim1l of the appended clains. According to
a second aspsdi polycrystaliime elliconrpattérasdsolaterd frondethjar phes onShpanel
di spl ay device as defined in claim7 of the appended clains. Since the
el ectrode lgubgpradé SthRNBHA At -Blecti@eI6RAE atd RERA bh @RS gate insulation
film, and that electric capacitors are formed between the polycrystalline
silicon patterns and the gate-electrode leads, such redistribution of charges
10  of the static electricity has a more adverse affect than when the substrate is
lifted up by pins or is placed on projected pads from the grounded stage.
Electrostatic destruction may occur between the polycrystalline silicon
patterns and the gate electrode lines. In other words, it is highly possible for
the static electricity to destroy the thin-film transistors.
15
SUMMARY OF THE INVENTION
Accordingly, the present invention provides a circuit array
substrate to prevent the occurrence of such electrostatic destruction in thin-

film transistors and a flat panel display with the same.

20



s1lengths of the electrode lines are shortened. Thus, when transparent
“substrate is lifted up while it is charged-with static electricity, the
j-ncrease in voltages between the electrode |lines and swtching el enents
<are effectively suppressed 10 so that electrostatic destruction of the
switching el enents can be prevented. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig.1is a schematic plan view of a part of a flat panel display device in

accordance with the first _enbodi nent ,of .the .present.invention; .5 Fjg. 2 1is
Aot her schereAGcera (ot SEPERPRACEAF U dnge bR, tHoin it PEragrdy WBHite shown

in Fig. 1; Fig. 3 is a schematic cross-sectional view of the flat 10 panel
di spl ay davayeubsirate as defigedin cldnyl of the appendedraldimspl an vi ew of a part
of a flat panel display device in accordance with the second enbodi nent of
the present i V@BrARE told sédddd dspest of El6BeARén 0K tBSSe $E€pFIvAAEd avlgw Of the
flat panel display device showmn in Fig. 4, Fig. 6 is a schematic partial

pl an vie fia: I | . i 0 thi nmbodi ment in
Bccor dandiatet BirniRk USRS o FRACER) ARIAELEEbphoiadd UntfTo

cross-sectional vjew of the fla
éince the eﬂzctrode&ines are separated by the separating portions,

lengths of the electrode lines are shortened. Thus, when transparent substrate
is lifted up while it is charged with static electricity, the increase in voltages
between the electrode lines and switching elements are effectively suppressed

10  so that electrostatic destruction of the switching elements can be prevented.



. panel display shown in Fig. 6; 25 Fig. 8 is a schematic. plan view of a
“prior art flat panel 5 s_ display device; Fig. 9 i.s an equivalent circuit
- gH agram of the flat panel display device shown in Fig. 8, 5 Fig. 10 is an
«€quivalent circuit of the flat panel display device shown in Fig. 8 in a
state different fromthat in Fig. 9; and 10 Fig. 11 is a characteristic
curve relevant to the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT 15 A flat panel display device such as a |iquid
crystal display device of the first enbodi ment in accordance with the
present invention will be described below wth reference to Figs. 1-3. 20
Li qui d crystal displ ap RIEEF®d ESABIM THON (3F TIBE DRAWENGSp gate type
or reverse-stagger type polycrystalline silicon thin-filmtransistors.
Further, liquid crystal display device 1 is an AMLCD provided with a
substantial l'y Fig.1 1s a schematic plan view of a part of a flat panel
display device in accordance with the first embodiment of the

present invention;

Fig. 2 is another schematic partial plan view of the flat

panel display device shown in Fig. 1;

Fig. 3 is a schematic cross-sectional view of the flat

10 panel display device shown in Fig. 2.;

Fig. 4 is a schematic plan view of a part of a flat panel
display device in accordance with the second embodiment of
the present invention;

15
Fig. 5 is a schematic cross-sectional view of the flat

panel display device shown in Fig. 4;

Fig. 6 is a schematic partial plan view of a flat panel
20 display device of the third embodiment in accordance with the

present invention;

Fig. 7 is a schematic cross-sectional view of the flat
panel display shown in Fig. 6;

25

‘Fig. 8 1s a schem'atic.pla'n-view of a prior art flat panel



_tectangular plate-like circuit array substrate 2. Circuit array 25
"substrate 2 has gl ass substrate 3 which is substantially rectangular and
pptically transparent but electrically 6 a_ 4 insulated. One main surface
.of glass substrate 3 includes substantially rectangular display region 4
formed on its major portion. Display region 4 is provided with a plurality
of pixels 5 disposed in a dotted matrix. 5 Further, display region 4 of
gl ass substrate 3 contains gate electrode lines 11, i.e., gate el ectrodes
of thin-film transistors and scanning |lines connected to the gate
el ectrodes. Gate electrode lines 11 are disposed in parallel 10 with the
horlzontalS ﬂﬁ?CHEQQ of glass substrate 3 and are equally spaced in the
verti cal ion o glass substrate 3. Common capacitor lines 12 are
provi ded betmeen gate electrode' lines 11, are disposed in-the horizontal
direction of glass substrate 3 as electrode and auxiliary capacitor |ines,
15 and are equal Fygsfabedn aqungatenti calcuiitr écagpamopigileslaspnehte 3.

Furt her %nal | ectrode lines 13 are formed on glass substrate 3 and are
di sposed HAPIAE JEVIFEADUTEOLEi BRE of ‘gl ass
5
Fig. 10 is an equivalent circuit of the flat panel
display device shown in Fig. 8 in a state different from that in
Fig. 9; and
10 Fig. 11 is a characteristic curve relevant to the
present invention.
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT
15 A flat panel display device such as a liquid crystal
-display device of the first embodiment in accordance with the
present invention will be described below with reference to
Figs. 1-3.
20 Liquid crystal display device 1 shown in Figs. 1-3

includes top gate type or reverse-stagger type polycrystalline
silicon thin-film transistors. Further, liquid crystal display
device 1 1is an AMLCD provided with a substantially
rectangular plate-like circuit array substrate 2. Circuit array
25 substrate 2 has glass substrate 3 which is substantially

rectangular and optically .transpareht but electrically



.20 substrate 3 as signal and electrode lines. Signal electrode lines 13 are
- "made fromthe sane materials as gate electrode lines 11 and commmon
vapacitor lines 12. Signal electrode lines 13, gate el ectrode lines 11 and
s common capacitor lines 12 each are provided for pixels 5 which are
arranged in grid-like 25 structure. 7 Meanwhile, an undercoat film not
shown but stacked wth silicon nitride, silicon oxide, etc. is deposited
on the main surface of glass substrate 3. Thin-filmtransistors 21 are
formed on the undercoat filmas. pixel conponents provided for 5 each pixe
5. Thin-filmtransistors 21 include polycrystalline silicon filns 22 as

pol ycrystglline semgonductor |ayers. — Polycrystalline sem_condyctor filns
22 such aléup‘(a)%/tcer@stgﬁei ne 28 isc}}olrﬁra(cﬁ- §§) ¥f‘1%ﬁs af Sﬁﬁgéeb_)i) tlﬁfﬁutdreet‘dl ation
10 of excdwBkthaseslBeapeti A9 i &9PL HQHﬁ H 4 £80m 'Y it Byr ! - €
by nelting and crystgflizinggthe a<§i fifns. OPpchrystgiﬁlnE sen?%ghdgctor
films 22 moetizemi cobdsptay rpgioarns forpidvidéd! mithansi piaralidyt hofhi ch
active sepniconductor |ayers 23 are provided at the central portions 15 as
channel rléb’F‘%)]rFs.5 thsP eseBnth e doddednm 2riz.e formed on both sides of

acti ve sem conductor layers 23 which function as source and drain
el ectrode regions. Gate insulation filns 31 nmade from silicon oxide

Further, display region 4 of glass substrate 3 contains
gate electrode lines 11, i.e., gate electrodes of thin-film
transistors and scanning lines connected to the gate
electrodes. Gate electrode lines 11 are disposed in parallel

10 with the horizontal direction of .glass substrate 3 and are
equally spaced in the Vertiéal direction of glass substrate 3.
Common capacitor lines 12 are provided between gate
electrode ‘lines 11, are disposed in-the horizontal direction of
glass substrate 3 as electrode and auxiliary capacitor lines,

15 and are equally spaced in the vertical direction of glass

substrate 3.

Further, signal electrode lines 13 are formed on glass

substrate 3 and are disposed in the vertical direction of glass

20 substrate 3 as signal and electrode lines. Signal_electrode
lines 13 are made from the same materials as gate electrode
lines 11 and common capacitor lines 12. Signal electrode lines

13, gate electrode lines 11 and common capacitor lines 12 each

are provided for pixels 5, which are arranged in grid-like

25 structure.

~J



20 insulation films are formed on the -undercoat filmto cover active
“ sem conduct or layers 23 and ohm c contact regions 24 of thin-film
'yransistors 21. A plasma chenical vapor deposition nethod is applied to
«deposit silicon oxide for gate insulation films 31 on the undercoat film
25 Gate electrode lines 11 are formed on portions 8 s corresponding to
active sem conductor layer 23 of thin-film transistors 21 and are equally
spaced in the lengthwi se direction of active sem conductor |ayer 23. 5
Here, gate electrode lines 11 are separated fromeach other by separating
portions 32 as shown in Fig. 2. Separating portions 32 are electrically

di sconti nued bet electrode |ines.1l1l and are pro |dgd in the

hori zontal di recM%ﬁng'?%ﬁgeat'é%e}l@c‘f?%c eafisfﬁggl Pqu é.h(}v_églpéé_ltq feapked s 5.
Separ ati ngitl) plitbANnid2i@aChsALBoHi $RAFRD ReLWegh *QEH%E%%@"BBaQ§%§t0rS
21 of pixels 5 to shorten t he | ength of each gate elettrode |rne

arranged ™@nnps wefade ohcglmad atibortradpasdi thhisn 34181 €rhesiB6o P§ HRLG e 15

i nsul ati fil 31 separated fromgate el ectrode lines 11 anq are

provi ded 'rﬁegso%?rﬂ#ecg rerat fplmeamize lcopmp enestsipravdetd efir i cal |y

i sol aged efgmpi%q grel‘ﬂiﬁpfﬁ%{j tirgxpsairs%lolrgl 21 include polycrystalline

silicon films 22 as polycrystalline semiconductor layers.

Polycrystalline semiconductor films 22 such as
polycrystalline silicon (p-Si) films are made by the irradiation

10 of excimer lasér beams to anneal amorphous silicon (a-Si)
films, i.e., by melting and 'crystallizing the a-Si films.
Polycryétalline semiconductor films 22 are semiconductor
patterns for t'hin'film transistors with which active
semiconductor layers 23 are provided at the central portions

15 as channel regions. Ohmic contact regions 24 are formed on
both sides of active semiconductor layers 23 which function as

source and drain electrode regions.

Gate insulation films 31 made from silicon oxide

_-20' insulation films are formed on the undercoat film to cover
active semiconductor layers 23 and ohmic contact regions 24 of
thin-film transistors 21. A plasma chemical vapor deposition
method is applied to deposit silicon oxide for gate insulation

films 31 on the undercoat fil_m.

Gate electrode lines 11 are formed on portions



mnth gate electrode lines 11. Here, common capacitors 12 are nade from
the sane materials, and in the sane process, as 20 gate electrode |ines

@41. Common capacitors 12 and gate electrode lines 11 are covered with
sinterlayer insulation film35. A plasma chem cal vapor deposition is
applied to deposit and stack silicon nitride 25 and silicon oxide to form
interlayer insulation film35. Further, contact holes 36 and 37 are nade
through gate 9 insulation filns 31 and interlayer insulation film35 for
el ectric conduction. Contact holes 36 and 37 are provided for, and 5

el ectrically connected to, ohm c contact regions 24 on both sides of gate

el ectr odechep ditdvhel Ronalih bt s 8BSl cedr (RPLACKaNGLES 36.-@{119 filled

with electrically conductive | ms to connec cont act $24 to

signal elecinsddtors0 2inesnd3 avd chqhualtyi ap @6e §0UnCet 1d quh%c{qrcwpge
thin-fil transistors 21. Further, contact holes 37 are filled with

el ectrica HFCtdBH‘dBétEI%erl pam ico ebunter lebrT 2nt act regions 24 to drain
15 el ectrodes 41 of thin-filmtransistors 21. Drain el ectrodes 41 face
comon capacitor lines 12 of accunul ation capacitors 34 to define

?E)s(lu: gﬁlrgnc???% ggéﬁ%rwag}ﬂeglgg’g??%(ggpqzﬁe%r 1l 9§ ¢ sep atrgrt%'“c'igrf‘ri)gr} %ralc
other by separating portions 32 as shown in Fig. 2. Separating
portions 32 are electrically discontinued between gate
electrode lines 11 and are provided in the horizontal direction
of gate electrode lines 11 for respective pixels 5. Separating

10 portions 32 each are disposed between thin-film transistors 21

of pixels 5 to shorten the length of each gate electrode line 11

arrange.d for pikel 5.

Accumulation capacitors 34 are formed on gate

15 1insulation films 31 separated from gate electrode lines 11 and
are provided with common capacitors 12. Common capacitors

12 are electrically isolated from, and are disposed in parallel
with, gate electrode lines 11. Here, common capacitors 12 are
made from the same materials, and in the same process, as

20 gate electrode lines 11.

Common capacitors 12 and gate electrode lines 11 are
covered with interlayer insulation film 35. A plasma chémical
vapor deposition is applied to deposit and stack silicon nitride

25 and silicon oxide to form interlayer insulation film 35.

Further, contact holes 36 and 37 are made through gate



.placed in the sane | ayer, nade fromthe sane materials and 20 formed by the
“sane process as signal electrode lines 13. Thin-filmtransistors 21 are
‘conposed of signal electrode lines 13, drain electrodes 41,
s polycrystalline. sem conductor filnms 22, gate electrode lines 11, gate
insulation film31 and interlayer insulation film35. 25 On the other
hand, a pair of contact holes 38 and 39 10 are provided on both sides of
separating portion 32 of gate electrode line 11 and are connected to edge
portions of gate electrode.lines 11 separated by separating portion 32.
I sland-1ike electrically conductive filnms 42 are filled in 5 contact hol es

38 and 39 ; OF oR+i N I i,nsul ation, film35.to nect one
edge por?li-lg%l]‘g%%ﬁg)rﬁ)tﬁer of rz‘)lga"%gaefpehc SR8 gt n]&S‘illa{Slé’ﬁhr g’tlé’a s&darati ng
portions Skxctiricoughdaevieat holes 38 and 39. Thus, electrically conductive
filnms 42. are deposited in contact holes 38 and 39 and on 10 interl ayer
insulation film 35. Conductive film42 is simlar to a character of "T" in

cross-section as sho in Fig. 3 by dotted lines. In other words, parts of
gate el ectrode I#ﬁ%%vgite}Fgﬁﬁ 36 t 3nbnBect agleecprprafeyd coboduchinde film

ﬁét ercggtjsu&ltéc\f%igﬂw égnngrc?eﬁl %g?doilnmfchecosx?trgectl 3 eegri’onr'r'sfadze4f E)%mbtoht% sane
sides of gate electrode lines 11 of thin-film transistors 21.

Contact holes 36 are filled with electrically conductive
films to connect ohmic contact regions 24 to signal electrode
10 lines 13 which function as source electrodes of thin-film

transistors 21.

Further, contact holes 37 are filled with electrically

conductive films to connect ohmic contact regions 24 to drain

15 electrodes 41 of thin-film transistors 21. Drain electrodes 41
face common capacitor lines 12 of accumulation -ca'p-acitors 34

to define auxiliary capacitors with common capacitor lines 12
through interlayer insulation film 35. Drain electrodes 41 are
placed in the same layer, made from the sa.me materials and

20 formed by the same process as signal electrode lines 183.
Thin-film transistors 21 are composed of signal electrode lines

13, drain electrodes 41, polycrystalline semiconductor films 22,
gate electrode lines 11, gate insulation film 31 and interlayer

insulation film 35.

On the other hand, a pair of contact holes 38 and 39

10



_and fornmed by the same process, as signal electrode |ines 13. Si gnal _
"electrode lines 13, drain electrodes 41 and 20 interlayer insulation films
85 are covered with protection film 43. Contact holes 44 are nmade through
s protection film43 are filled with electrically conductive filns as
electrically conductive portions. Contact holes 44 are made to reach to
drain electrodes 41 of thin-filmtransistors 21. 25 Protection film 43 and
contact holes 44 are covered 11 wth transparent pixel electrodes 45 nade
from indiumtin-oxide (ITO filnms. Transparent pixel electrodes 45 are
el ectrically connected to drain electrodes 41 through contact hol es 44.

Furt her, X Ph%EDb o8 hEGL HREES f49e - di,S t f.aci ng

comon cggggﬁfgf F?%%sb§2 Phroughggprotgc?%gﬁ%%ﬁkngﬁé%gﬂg Pﬁigﬁf§¢g%

i nsul at i riefdtirmd251indr hhspardentr epicoeln €t ed radesi #& 86 etand refl lgadeby

thin-film_transistors 21 provided in Eixels 5. Alignment film46 is

deposi t e l®ftEpdeeclings f i1n 42pae@dchyY mvepgrabbsgraperidmced2.
51.provided with ar ent

el ) RSl e SO, SHRSHALS oS oLeY) 5 Ml BAERE Sy
5 contact holes 38 and 39 _and are formed on interlayer
insulation film 35 to connect one edge portion to another of

gate electrode lines 11 separated by separating portions 32
through contact holes 38 and 39. Thus; electrically conductive

films 42 are deposited in contact holes 38 and 39 and on

10 interlayer insulation film 35. Conductive film 42 is similar to

a character of “T” in cross-section as shown in Fig. 3 by dotted

lines.

In other words, parts of gate electrode lines 11 extend
15 to connect electrically conductive film 42. Conductive films 42
are placed in the same layer, made from the same materials,

‘and formed by the same process, as signal electrode lines 13.

Signal electrode lines 13, drain electrodes 41 and

20 intérlayer insulation films 35 are éovered'with protection film
43. Contact holes 44 are made through protection film 43 are
filled with electrically conductive films as electrically
conductive portions. Contact holes 44 are made to reach to

drain electrodes 41 of thin-film transistors 21.

o
[]]

Protection film 43 and contact holes 44 are covered

11



di sposed on a main surface of counter substrate 51 faci ng 15 circuit array
“substrate 2. Those color filters 53 are provided opposite to respective
Pixels 5. Rectangular plate-like counter electrode 54 is formed on a
« surface of color filters 53. Wien the surface of counter 20 substrate 51
is opposite to that of circuit array substrate 2, rectangul ar counter
el ectrode 54 entirely faces display region 4 on glass substrate 3 of array
substrate 2. Alignnent film55 is forned on the surface of counter
substrate 51. 25 Grcuit array and counter substrates 2 and 51 are _
provi ded opposite to each other while alignment film46 of 12 '' circuit
array sulbsttiat e t2afregesreht gnnpikeli | el tebdeaunt ef5 supstdat e fhy Thus,
transparent. pi xel el ectrodes 45 of circuit array substrate 2 are opposite
to count dRd4dugBibiggexadeofITQUnkidmsubRramepsrent qixklcralecatodes

cubst rat 4% 2 TSCTERANY PR o0 o Coithakn Shsctieade 1 hehapuh cal

oal od, L0 ATanIr et ur g ke SR Paer A B AL Tn Y b

descrb bed ilsglowdniatthpi et es efweint® di@saod- Saphicishr Biddy e Y@ i on of

the underpcr%attecf’ciiclnq1 O?ilm 43 and interlayer insulation film 35.
Transparen§ pixel electrodes 45 are controlled by thin-film
transistors 21 provided in pixels 5. Alignment film 46 is
deposited on protection film 43.

10
Circuit array sub.strate 2 faces rectangular plate-like

counter substrate 51 provided with transparent glass
substrate 52. Red, green and blue dotfed color filters 53 are
disposed on a main surface of counter substraté 51 facing

15 circuit array substrate 2. Those color filters 53 are provided

opposite to respective pixels 5.

Rectangular plate-like counter electrode 54 is formed

on a surface of color filters 53.' When the surface of counter

20 substrate 51 is opposite to that of circuit array substrate 2,
rectangular counter electrode 54 entirely faces display region
4 on glass substrate 3 of array substrate 2..A1ignment film 55

1s formed on the surface of counter substrate 51.

o
(1]

Circuit array and counter substrates 2 and 51 are

provided opposite to each other while alignment film 46 of

12



. glass substrate 3, a plasma chem cal vapor deposition is 15 carried out to
“form an anorphous silicon film not shown, on the undercoat film Excimer
J-aser beans are then irradiated to anneal the anorphous silicon filmso
sthat the sane is nelted and 20 crystallized into a polycrystalline film
Further, photolithography and etching processes are carried out to nake
the polycrystalline filmisland-like polycrystalline silicon patterns for
polycrystalline silicon 25 sem conductor films 22 of thin-filmtransistors
21. 13 Next, a plasma chem cal vapor deposition is applied to formgate
insulation film31 on island-like polycrystalline silicon patterns and the

under coatcifricuit &r fapseqbentrhte 2 fRées Alidamnait FHOMN 55 S OeResIEEd on
gate insulation fil m31l. Photolithography and etching processes are then
carri ed cidbsbrathd heldius| trrnspanengaticelek bet rombe  i4fe o f12iaadicommon
capacitors_12. Se%aratin portions 32 are also provided on gate el ectrode

g

lines 11.2907NeXPPSERALGgHE a2 PhoPBRESI LB t9atGo wnERY r 8dRCtY 8 of

i mpuriti 68 @k Ee FO [ pgRti pE e hC_contact . regions 24 are

fornmed in po!ﬁ%gygfgfr?%gesg%fcgg 32@0??¥?P%}2§°n%ﬁ°§ﬂ?ﬂpfiﬁwﬂ?riﬁgggtors

21. Sach Wepvegnohlignuiéht efiladd 48 of circuit array substrate 2 and
alignment film 55 of counter substrate 51 as an optical

modulator. Circumferences of liquid crystal composition 56

are tightly sealed.

10 A manufacturing method of circuit array substrate 2

will be described below with reference to Figs. 1-3.

First, after the formation of the undercoat film on
glass substrate 3, a plasma chemical vapor deposition 1is
15 carried out to form an amorphous silicon film, not shown, on

the undercoat film.

Excimer laser beams are then irradiated to anneal the
amorphous silicon film so that the same is melted and

20 crystallized into a polycrystalline film.

Further, photdlithography and etching processes are
carried out to make the polycrystalline film island-like
polycrystalline silicon patterns for polycrystalline silicon

25 semiconductor films 22 of thin-film transistors 21.

13



.15 an ion inplantation, for instance. Thermal treatnent is then carried
out to activate the doped inpurities so that the sanme can becone as lowin
©lectric resistance as ohmic contact regions 24 in polycrystalline

s sem conductor film22 of -thin-filmtransistors 21. 20 A plasma chem cal
deposition is applied to form interlayer insulation film35 on gate
el ectrode lines 11 and commopn capacitor lines 12. 25 Subsequently,
phot ol i t hography and etching processes are performed to nake contact hol es
36 and 37 connected to 14 ohmic regions 24 in polycrystalline
sem conductor film22 of thin-filmtransistors 21 and contact holes 38 and

39 connected toNéwt edgel gronti ohe moifc lave paledepedeti b Aes appisParas ed by
separating portions 32. Subse ently a netal film not shown, is
deposi t ed °di 66‘r¥teaéflsﬂﬂlaé$°36 31 and ilalandayidke i pelyaryshallime 35.

Phot ol i t hagf aphy, gfg c?kggtﬁ{?ﬁgi gg?gégaﬁﬂgﬂ carried out for the netal

filmto formsi 10 el ectrodes 41 and
electrically conductive filns 42. Thus, electrically conductive films 42
are extended through contact holes 36 and 37 to connect the edge portions
of 5 Subsequently, a metal film, not shown, is deposited on

gate 1insulation film 31. Photolithography and etching
processes are then carried out for the metal film to form gate
electrode lines 11 and common capacitors 12. Separating
pox_‘tion's 32 are also provided on gate electrode lines 11.

10 .

Next, through a photomask of gate electrode lines 11,
impurities are doped into portions where ohmic contact
regions 24 are formed in polycrystalline semiconductor film 22
of thin-film transistors 21. Such doping of impurities can be

15 an ion implantation, for instance. Thermal treatment is then
carried out to activate the doped impurities so that the same
can becomé -as low in electric resistance as ohmic contact
regions 24 in polycrystalline semiconductor film 22 of

‘thin-film transistors 21.

20
A plasma chemical deposition is applied to form
interlayer insulation film 35 on gate electrode lines 11 and
common capacitor lines 12.
25 Subsequently, photolithography and etching processes

are performed to make contact holes 36 and 37 connected to

14



‘geparated gate electrode lines 11 to each other. 15 Next, protection film
43 is fornmed on signal electrode Ilines 13, drain electrodes 41,
electrically conductive films 42 and interlayer insulation film 35.

s Phot ol i t hography and

etching processes are carried out for protection film

43 to form 20 contact hol es 44 connected to drain el ectrodes 41. Further,

a transparent pixe

44 and protection film43. The transparent pixel electrode |ayer is
subj ected to 25 photolithography and etching processes to formtransparent

pi xel

el ectrodes 45. Alignnent film46 is coated on pixel

el ectrode layer, not shown, is formed on contact holes

15 I'L el ectrodes

45 and prohmdci oagiohm 23 im pohpt ey et alligw sedk {@Yn d &St &l1ey 22 2 Ab# gnnent
film46 of circg%ﬁ array substrate 2 is then 5 provided opposite to

al i gnmenttHi%
assenbl e &Mt count er substr at

conposi t?con b (&g Irf%ldtlioﬁlsa()fggﬁ‘ FefS'KE

1. ubgggagn ly, liquid crystal

2 and cowydphirabubstyigoal, 3and circunferences of liquid crystal

conposition 10 56 are then tightly sealed. Systemcircuits, polarizers,

rear bight source, etc.,

10

15

20

Subsequently, a metal film, not shown, is deposited on

contact holes 36 and 37 and interlayer insulation film 35.

Photolithography and etching processes are then carried out
for the metal film to form signal electrode lines 13, drain

electrodes 4i and electrically conductive films 42.

Thus, electrically conductive films 42 are extended
through contact holes 36 and 37 to connect the edge i)ortions of

separated gate electrode lines 11 to each other.

Next, protection film 43 is formed on signal electrode
llines 13, drain electrodes 41, electrically conductive films 42

and interlayer insulation film 35. Photolithography and

-etching processes are carried out for protecti.on film 43 to form

contact holes 44 connected to drain electrodes 41.

Further, a transparent pixel electrode layer, not
shown, is formed on contact holes 44 and protection film 43.
The transparent pixel electrode layer 1is subjected to
pho'tolithography and etching processes to form transparent

pixel electrodes 45. Alignment film 46 is coated on pixel

trapdisfogs 3dbapdacendact ioplesidi8 amrdd Sobsimeadte 2. 1s

ghe e tduperamadgdsbiyst r at e

a



‘hot shown, are further assenbled with circuit array substrate 2 and
counter substrate 51 to produce liquid crystal display 15 device 1. As
described above, according to the first enbodinent, [liquid crystal display

sdevice 1 includes gate electrode lines 11 separated on glass substrate 3
by separating portions 32 and 20 when gate electrode lines 11 are
continuously linear, gate electrode |ines 11 define auxiliary capacitors
with polycrystalline sem conductor filns 22 of thin-filmtransistors 21
unlike a prior art liquid crystal display device 1 shown in Fig. 8. 25 In
the prior art liquid crystal display device 1, when 16 J glass substrate 3

is |iftedlaptbydeasveblendi psot@etiohdWim 2800 gi&ﬂ@d%féesmic%ﬁt%rﬂéizs
substrate 3 are changed, electrostatic charges arée redistributed. a
result, §@ﬁﬁ§g@§eiﬁduced at gaps between gate electrode |lines 11 and
polycrystalline 5 sem conductor filnms 22 through gate insulation film 31
may i ncrease enough to cause electrostatic destruction of gate insulation

et T BARESERE S 0P R B DhTe 2% chen
5 provided opposite to alignment film 55 of counter substrate 51.
Circuit array substrate 2.is assembled with. counter substrate

51. Subsequently, liquid crystal composition 56 is filled in a

gap defined between circuit array substrate 2 and counter

substrate 51, and circumferences of liquid crystal composition

100 56 are then tightly sealed.

System circuits, polarizers, a rear light source, etc.,
not shown, are further assembled with circuit array substrate
2 and counter substrate 51 to produce liquid crystal display

15 device 1.

| As described above, according to the first embodiment,
liquid crystal display device 1 includes gate electrode lines 11
separated on glass substrate 3 by separating portions 32 and

20 when gate electrode lines 11 are continuously linear, gate
electrode lines 11 define auxiliary capacitors with
polycrystalline semiconductor films 22 of thin-film transistors

21 unlike a prior art liquid crystal display device 1 shown in

Fig. 8.

In the prior art liquid crystal display device .1, when

16



Jines 11 are formed is grounded on stage 61, an equivalent «circuit of

“display region 4 on glass substrate 3 will be expl ai ned bel ow wi th
‘Feference to Fig. 9. 15 It is assuned in the equivalent circuit that
selectrostatic charge Q@ is accunul ated at gate electrode line _ 11,

vol tage Vo occurs at gate electrode line 11, length Ais a length of the
first portion of gate electrode line 11 not overlapped with nmovable pin 62
and length Bis a length of the 20 second portion of gate electrode line .
11 overlapped with novable pin 62. Further, capacitor Ca is defined
between the first portion of gate electrode line 11 and stage 61 while,

capaci t orgl@lysi suBekraed Hatnedee iNepSEGoRd Wbl Py 98 ctpode line
11pand stgage S61?1 25 Si nce displ gy rggi gn 4‘2?69% ?;&sn éu%stfsal%(gévgl’hgg% 17

r epeat ed grppoud s dost a tes odnel azat sabstaa tkod J0sRAGIA ¥&d PeXekbrosERPACI t Or
Cb is expressed by the follow ng equation. Cb = B/(A x Ca) and the
rel ati onSMAr et vekn Beeestuduiad dharaeresuls, anoltag¢agendaces extpressed

by the f i uation:, @ & (Ca + ) X VQ.. Next, another equivalent

ciyr cui t %A%%’Msglge%%ee%i & o%recét1ré)§ise gg%ﬁ?‘?aﬁel 3a%d | Pk epsetabdac n the

case phatsegh@éSnductor films 22 through gate insulation film 31 may
increase enough to cause electrostatic destruction of gate

insulation film 31.

Here, in the case that glass substrate 3 on which

10 polycrystalline semiconductor films 22 and gate electrode
lines 11 are formed is grounded on stage 61, an equivalent
circuit of.display region 4 on glass substrate 3 will be

explained below with reference to Fig. 9.

15 It is assumed in the equivalent circuit that
- electrostatic charge Qo is accumulated at gate electrode line
11, voltage Vo occurs at gate electrode line 11, length A is a

length of the first portion of gate electrode line 11 not
overlapped with movable pin 62 and length B is a length of the
20 second portion of gate electrode line 11 overlapped with
movable pin 62. Further, capacitor Ca is defined between the
first portion of gate electrode line 11 and stage 61 while,
capacitor Cb is defined between the second portion of gate
electrode line 11 and stage 61.

25

Since display region 4 of glass substrate 8 has

17



.10 substrate 3 is supported and lifted up by novable pin 62. It is assuned
in the equivalent circuit as shown in Fig. 10 that gate electrode |line 11
+s of potential V and capacitor Cs is defined between the first portion of
:gate electrode lines 11 and stage 61. Even when gl ass substrate 3 is
lifted up by novable pin 62, 15 the followng relationship is established
in accordance with the principle of conservation of electric charge: Q =
{Ca x C/ (Ca+ Cs) + Cb} x VFromthose three equations, the follow ng
relationship is derived: 20 V/ Vo=(A+B)/{AxCs /(Ca+Cs)+B} The voltage ratio
V/ Vo defined i medi ately above will be described belowin the case that a
pattern afepod yed Vistyad hi e f Shé i Se0m eS PrH t3aBPAU [ i:s . for on
gl ass substrate 3 25yajvvith a diel ectrig coggﬁaﬁ%c}%}; #E,@b%ﬁc(}lgetﬁllgggse,ss of

100 mm fCAP a¢Hrafde is grpréssed vy drhé ifoll@dinhg éguardoan pol ycrystalline

18 J silicon sem ¢ nd_u%t/gr fibm 22, gate electrode lines 11 is forned on,
gate insul ation fi 3 ﬁ‘dxg &Qs substrate 3 is Ilifted up by electrically

conductive novab iR 50, mm, 5 At that time, while length B of
gate el ectrode | %E’e&)ﬂle 5%%%%%’%]931& REEYaen rlechraptatifmchamgen®or o

| engt b ofamgétwoltrl et Ode éiﬁﬁeggeHsb§um§%qgo&,9n%hgag&ti§%:a consequence,
as
Qo = (Ca + Cb) x Vo.

Next, another equivalent circuit of display region 4 on
glass substrate 3 will be described in the case that glass
10 substrate 3 is supported and lifted up by movable pin 62. It is
assumed in the equivalent circuit as shown in Fig. 10 that gate
electrode line 11 is of potential V and capacitor Cs is defined
between the first portion of gate electrode lines 11 and stage
61. Even when glass substrate 3 is lifted up by movable pin 62.,
15 the following relationship is established in accordance with
the principle of conservation of electric charge:
Qo ={CaxCs/(Ca+Cs)+Ch}xV
From those three equations, the following relationship
1s derived: |

20 - V/Vo = (A + B)/{A x Cs / (Ca + Cs) + B}

The voltage ratio V/Vo defined immediately above will
be described below in the case that a pattern of polycrystalline
silicon semiconductor film 22 is formed on glass substrate 3

25 with a dielectric constant of “4” and a thickness of 100 mm, for

instance, gate insulation film 31 is formed on polycrystalline

18
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‘ghomn in Fig. 11, when glass substrate 3 is lifted up by novable pin 62,

it is effective to shorten the length of gate 10 electrode line 11 in order
"to control voltages inposed between gate electrode Iine 11 and novable pin
+62. Thus, as described above, gate electrode line 11 is separated at each
pi xel 5 by separating portions 32 and 15 electrically conductive filns 42,
which are made fromthe sane materials as signal electrode lines 13 forned
on interlayer insulation film 35, connect one edge portion of separated
gate electrode Iine 11 to another to shorten the length of gate el ectrode
linell for each pixel 5. 20 As a result, the increase in voltage inposed on

gate inssilitban ddmisadraitenenigal ezel ectyiade,{ing J1d a'ii’?g?.cu is
ros |

*pol ycrystalline silicon sem conductor fil'm 22 and el et _
dest ruct i frr e dyatre, § el iats wha fidm Alm 3 Bf hadt igel 3k YWPLEESSEY 25;50 that

productivbﬁx af_circuit array_substrate 2 and-liquid crystal display
devi ce 1 PdReBe B biglectnieylisnspadactive Nexyablbep beddd ertmdn ment of
the present invention wll -be described below with reference to Figs. -4
and 5. 5 Liquid crystal display device 1 showmn in Fig. 4 and 5 is

but Saparating pors e SAia v nosi SaF A ¥ OF R 51808M0ak ine 4 7
on movable pin 62 is fixed at 5 mm, the entire length of gate
electrode line 11 is subjected to change. As a consequence, as
shown in Fig. 11, when glass .substrate 3 1s lifted up by
movable pin 62, it is effective to shorten the length of gate

10 electrode line 11 in order to control voltages imposed between

gate electrode line 11 and movable pin 62.

Thus, as described above, gate electrode line 11 1is
separated at each pixel 5 by separating portions 32 and
15 electrically conductive films 42, which are made from the same
materials as signal electrode lines 13 formed on interlayer
insulation film 35, connect one edge portion of separated gate
electrode line 11 to another to shorten the length of gate
electrode linell for each pixel 5.
20
As a result, the increase in voltage imposed on gate
insulation film 31 between gate electrode line 11 and
‘polycrystalline silicon semiconductor film 22 and electrostatic
destruction of gate insulation film 31 is effectively suppressed
25 so that productivity of circuit array substrate 2 and liquid

crystal display device 1 can be significantly improved.
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;iixel 5 but for a plurality of pixels 5. Separating portions 32 are
di sposed at respective pixels 5 of a predeterm ned color, 10 for instance.
“Here, dummy patterns 71 are prepared for pixels 5 where no separating
sportions 32 are forned. Dumry patterns 71 are the same in structure as
conductive filnms 42. Both 15 conductive filnms 42 and dummy patterns are
formed on interlayer insulation film35 which is different fromgate
insulation film31 on which gate electrode lines 11 are formed. Both end
portions of each conductive film42 and dunmy pattern 71 are electrically
connected to gate electrode line 11 20 through contact holes 72. Thus,
even though separating portion 32 are provided only for every
predet ermi ned nunber of pixels 5 in display region 4 of glass substrate 3,

when static-el ectNéxit yh@haéGSﬁdZEDQL@&SmSé&pﬁWfaERespf@é/@IZt infe 4 fig)£ase of
voltages at_gate insulation film 31 between gate electrode Tines 11 and

20 pol ycrystlabei deseribedrb ekmw conthctofefanee 22 FHgglasansupstrate 3 can
. be suppressed effectively in the sane way as liquid crystal display device
1 of the first enbodi ment shown in Figs. 1-3. 5 Further, the nunber of

separ gting porti @0gdd crystal display device 1 shown in Fig. 4 and 5 is
basically the same as liquid crystal display device 1 shown in
Figs. 1-3 but separating portions 32 are provided not for every
pixel 5 but for a plurality of pixels 5. Separating portions 32
are disposed at respective pixels 5 of a predetermined color,

10 for instance.

Here, dummy patterns 71 are prepared for pixels 5

where no separating portions 32 are formed. Dummy patterns

71 are the same in structure as conductive films 42. Both

15 conductive films 42 and dummy patterns are formed on
‘interlayer insulation film 35 which is different from gate
insulation film 31 on which gate electrode lines 11 are formed.
Both end portions of each conductive film 49 and dummy
pattern 71 are electrically connected to gate electrode line 11

20 through contact holes 72.

Thus, even though separating portion 32 are provided
only for every predetermi_ned number of pixels 5 in display
region 4 of glass substrate 3, when static-electricity charged

25 glass substrate 3 moves, the increase of voltages at gate

insulation film_ 31 between gate electrode lines 11 and

20



;ﬂecreases in conparison with that of the first enbodi nrent and, as such
mal functi ons hardly occur at contact holes 72 and conductive filnms 42 so
“that the decrease in yield rate can be 10 prevented. As described above,

sdumry patterns 71 are provided for pixels 5 where no separating portions
32 are forned and- both end portions of each dummy pattern 71 are
electrically 15 connected to gate electrode lines 11. As a result,
capacitors defined between transparent pixel electrodes 45 of pixels 5,
where dummy patterns 71 are formed, and gate electrode lines 11 have the
sanme capaclitance as those defined between transparent pixel electrodes 45

of pixel $Aycrhgtalsapar agiln 0 4 e red,gnd el ectyically
connecte? bg “gonductive fiIﬁ%g42?ggﬁﬁggg?g%é?gct%@é@ﬁl?%esofﬁ. %%ﬁﬁi no
subst ant isalbist rartev 8n cdins pleay uipp reaussall dffepitkebby SnvithR dumy whaf terns 71
and sepatating portions 32 and uneven display of display region'4 on glass
subst r at 5—:1%“} el 8dspigyadererihl dufmi epéittsdr amydd ame f Drsteswan |
pi xel s 5>n2§i%@eﬁg no separating portions 32 are provided in |liquid crystal
di splay device 1 oP'the second enbodi nent, dummy patterns 71 in the third
enbods ment can be provided for pixels 5 the color .of which is the sanme
as that of all pixels 5 where separating

Further, the number of separating portions 32

decreases in comparison with that of the first embodiment and,
as such, malfunctions hardly occur at contact holes 72 and
conductive films 42 so that the decrease in yield rate can be

10 prevented.

As described above, dummy patterns 71 are provided
for pixels 5 where no separating portions 32 are formed and
both end portions of each dummy pattern 71 are electrically

15 connected to gate electrode lines 11. As a.result, capacitors
defined between transparent pixel electrodes 45 of pixels 5,
where dummy patterns 71 are formed, and gate electrode lines
11 have the same capacitance as those defined between
transparent pixel electrodes 45 of pixels 5, where separating

20 portions 32 are formed and electrically connected by
conductive films 42, and gate electrode lines 11. Thus, no
substantially uneven display is caused by pixels 5 with dummy
patterns 71 and separating portions 32 and uneven display of

display region 4 on glass substrate 3 is prevented.

Although dummy patterns 71 are formed on pixels 5

21



%5 portions 32 are forned as shown in Figs. 6 and 7. In this case,
’capacitors defined between transparent pixel electrodes 45 in pixels 5,
‘where dummy patterns 71 are formed, and gate electrode lines 11 are equal
-to those defined between transparent pixel electrodes 45 in pixels 5,

where separating 10 portions 32 are forned, and gate electrode lines 11.
Thus, liquid crystal display device 1 of the third enbodi ment. has
substantially the same functions as that of the second enbodinent. 15 In
the enbodi nents descri bed above, separating portions 32 are provided at

gate electrode lines 11 and both end portions of gate electrode line 11

separ at edw hy reepar & p 89a t PRE I Ot i 4132 @lreChrb el bY LONREWQ: S 9 £2CD
otﬁer by c?ndugtivépfilns %g% Separ ati ng po?tlons 32, ho&ever, gan e 20
provi ded its Rlavsindie vaapatiof drh ¢ isee nid eand olddizhe #0d dRahinh P1iSa t £ r £OMPON :
capacitor. line 12 are connected to each other to obtain substantially the
sane fundﬁ-5ﬁ§ é’%l %énﬁg@ailﬁu’sntérﬁib(h%ﬁpé’.ldzg fore pixedend, itheecdlon can

such as anarie QsObRE sa ERL Babs R B3edE Ecvie e demaangr ¢ hin
filmbransestioss 32 are formed as shown in Figs. 6 and 7. In this case,
capacitors defined between transparent pixel electrodes 45 in
pixels 5, where dummy patterns 71 are formed, and gate
electrode lines 11 are equal to those defined between
transparent pixel electrodes 45 in pixels 5, where separating
10 portions 32 are formed, and gate electrode lines 11. Thus,
liquid crystal display device 1 of the third embodiment has

substantially the same functions as that of the second

embodiment.

15 In the embodiments described above, separating
plortions' 32 are provided at gate electrode lines 11 and both
end portions of gate electrode line 11 separated by separating
portion 32 are electrically connected to each other by
conductive films 42. Separating portions 32, however, can be

20 provided at common capacitor lines 12 and both end portions

of common capacitor line 12 are connected to each other to

obtain substantially .the same functions as the previous

embodiments.

25 The present invention can be also applied to other

electrode lines than gate electrode lines 1 1, such as signal or
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_4 n a stagger type liquid crystal display device. The invention can be
applied, a liquid crystal display device which nakes use of diodes or

“other switching elements than thin-film 5 transistors. Further, the

spresent invention can be applied to a liquid crystal display device
conposed of anorphous silicon thin-filmtransistors. 10 Al though, by way
of exanple, a liquid crystal conposition 56 is held between circuit array
substrate 2 and counter substrate .51 as an optical nodulator of |iquid
crystal display device 1, the present invention can be applied to flat 15
panel display devices provided with other optical nodulators than liquid

crystal cuWRAlheONSres2Bonre &2 kb MR dirod Y é?%uﬁrﬂﬁx rue{%%ésat;q%s[ chi ng

conprising' an optically transparent substrat pl Xel's ha

el enent s foramsdaggesat ylp br hinpwiad ety stalbdispley dew el T 949 old #1865
connected to said switching elements, said gate electrode |lines being

provi ded Ghe ¢ iaplipAsailagiigd eryatal Whspdpardevnge which makes use
of diodes or other switching elements than thin-film

5 transistors.

- Further, the present invention can be applied to a
‘liquid crystal display device composed of amorphous silicon

’ thin-film transistors.

10

Although, by way of example, a liquid crystal
composition 56 is held between circuit array substrate 2 and
counter substrate 51 as an optical mod.ulator of liquid crystal
display device 1, the present invention can be applied to flat
15 panel display devices provided with other optical modulators

than liquid crystal compositions.

20
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jbortions in said pixels ;signal lines connected to said switching el enents,
1 o said signal lines being provided on a second insulation filmwhich is
“different fromthe first insulation film and electrically conductive
sportions provided on the second filmto electrically connect said gate
el ectrode lines with said separating portions to each other, wherein said
separating portions reduce electrostatic 15 capacitances defined between
said gate lines_and said switching el enents when said conductive portions
are not confeefEMShet ween said separating portions. 2. A circuit array
substrate according to Claim1l wherein said 20 switching elenents are
disposed in a matrix form and each of said separating portions is
provi ded for one of said pixels. 24 3. Acircuit array substrate according

to daiml, further ; GOBRELRINGadYODYrRE LSthPSisRPQVi ded for said pixels
where no separating portions are provided, wherein said dummy patterns are

substantially the sane in.shape as said.,conductive portions. 5 4. A
circuit array subst raé‘c%pté%ac,lgf ioMGPRE Sé}%?ﬁa,({%\herei n said pixels are
provi ded for colors, said swtching elenents are disposed in a matrix form
and are Sprovided fanxelsdpasngewi g elements formeflon smd transpargnt
separating portions are provided for every said pixel of one of said
col ors. substrate;
gate electrode lines connected to said switching elements, said
gate electrode lines being provided on a first insulation film with separating
portions in said pixels ;signal lines connected to said switching elements,
10  said signal lines being provided on a second insulation film which is
different from the first insulation film; and
electrically conductive portions provided on the second film to
electrically connect said gate electrode lines with said separating portions to
each other, wherein said separating portions reduce electrostatic
15 capacitances defined between said gate lines and said switching elements

when said conductive portions are not connected between said separating

portions.
2. A circuit array substrate according to Claim 1 wherein said

20 switching elements are disposed in a matrix form, and each of said

separating portions is provided for one of said pixels.
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:%. A circuit array substrate according to Caim1l1, further conprising
dummy patterns provided for said pixels where said separating 15 portions

“are not provided, wherein said pixels are provided for colors, said

sswitching elenments are disposed in a matrix formand are provided for
respective ones of said pixels, and said separating portions are provided
for every said pixel of one of 20 said colors. 251 | y 6. Acircuit

array substrate according to claim1, wherein.said_ condugtiye portions are
made from the sanme g‘a‘gé’ﬁc&ﬁsa’%‘yssg‘l}bétr@it@ﬁé?or 289 Loy ﬂi ﬁé@i/leB 7. A flat
panel display device conprising: an optically transparent substrate;

pi xel s havicopswingiungmy patserss Provndel for sad pixelsmdpare et sepsubtingat e;
gate el ectrode lines connected to said switching elenents, said 10 gate

el ectrode lgoRgisnbeird @rovidel dRthedsindsalidl deiminySpH tédidnarkl JubsphhiaBeRRBE AL | N
portions in said pixels; signal lines connected to said switching el enents,

719 oL 9L R0 BV R epien v AT on 1T m e T
S
4. A circuit array substrate according to Claim 1, wherein said
pixels are provided for colors,
said switching elements are disposed in a matrix form and are
provided for respective ones of said pixels, and

10 said separating portions are provided for every said pixel of one of

said colors.

5. A circuit array substrate according to Claim 1, further
comprising dummy patterns provided for said pixels where said separating
15  portions are not provided,
wherein said pixels are provided for colors,
said switching elements are disposed in a matrix form and are
provided for respective ones of said pixels, and
said separating portions are provided for every said pixel of one of

20 said colors.
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.15 electrically conductive portions provided on the second filmto
electrically connect said gate electrode lines with said separating

“portions to each other; and an optical nodulator, wherein said separating

s portions reduce electrostatic capacitances defined between said gate |ines
and said 20 swi tching el enents when said conductive portions are not
connected between said separating portions. 26

6. A circuit array substrate according to claim 1, wherein said
conductive portions are made from the same materials as said signal

electrode lines.

5 7. A flat panel display device comprising:
an optically transparent substrate;
pixels having switching elements formed on said transparent
substrate;
gate electrode lines connected to said switching elements, said

10  gate electrode lines being provided on a first insulation film with separating

portions in said pixels;

signal lines connected to said switching elements, said signal lines
being provided on a second insulation film which is different from the first
insulation film;

15 electrically conductive portions provided on the second film to
electrically connect said gate electrode lines with said separating portions to
each other; and

an optical modulator, wherein said separating portions reduce
electrostatic capacitances defined between said gate lines and said

20 switching elements when said conductive portions are not connected

between said separating portions.

26



