; e3e0~JJK\ M M-0C6JOT( f ?k TI TLE OF THE | NVENTI ON Cl RCU T ARRAY SUBSTRATE
AND FLAT PANEL DI SPLAY DEVI CE PROVI DED W TH THE SAME 5 CROSS- REFERENCE TO
RELATED APPLI CATI ON This application is based upon and cl ai i j

of priority fromthe prior Japanese Patent Application No. %‘mﬁlm%mgﬁﬁwl
filed on October 28, 2003, the entire contents of [0 which i d
in this application by reference. FIELD OF THE | NVENTI ON Thi s invE¥ on
generally relates to a circuit array substrate with switchin d
a flat panel display 15 device provided with such a circuit %"l@wglmmu@m""m
substrate. BACKGROUND OF THE I NVENTION A prior art flat panel

device, such as an active matrix type liquid crystal display devi*6¥%%AM_CD)
i ncl udes 20 anor phous si | TIANLEhOF fTHE tINIVE NITIGNas swi t chi ng el enent s
of pixels because their active sem conductor |ayers, such as anorphous
silicon filnms, can be uniformy fornmed on a 1 | ar ge- ar ea
optically-transparent substrate at relatively | ow tenperatures. Recently,
thin-filmtransistors éﬁf‘r@d‘éi er circuits have been al so formed at

ci rcunferences on the stBRA RS URBSTRATEWANRwWI t ching el enent s.
It is di Sfi&rsﬁd]l’ iLn _Japanese Unexam ned Patent Publication 2000-187248,
and, part r 3,NEtL' S Bigb¥ DEVI6E P BOMEDE DsW IT HhTdigh SA Mt t he
active sem conductor |ayers of such thin-filmtransistors are nade from
pol ycPystal line silicon because the mobility of the polycrystalline silicon
by electric field effect is 10 greater than that of the anorphous silicon.

ahi ch i opti ol Ty 1y anenp etk BN ARl Rar Rt TR oo P e

electricity is charged on the 15 substrate. The static electricity may

destroy the swt qiji I rs 1 Iy eui significant
| ower g yi el dWIof %1293 %%?Q%E%ﬂsltsta?%cs%d[e t?ﬂ%ﬁ}' hg%}lggek ﬁ: BEQF?A ya

size of tdfe meuilbstitnt érdwms theenp bliggelapAnesd Bt éntelagss [Q3tabhC No.
destruction of the switching elenents and driver circuits 20 becones a nore
critical %%%[%%7276, 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 erstal display device (AMLCD) in‘clude.s

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

amorphous silicon films, can be uniformly formed on a



Whén the substrate charged with static electricity, for instance, is lifted

“up by pins or is placed on projected pads froma 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 2 of the static electricity so that voltages at the portions of
the substrate on the 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

pol ycrystalline silicon patterns isolated frommjor ones on the substrate,
that |on - ct I d ‘gate insulatign f.ilm and
t hat el egta%i%é@g?sgaci({%ﬁ;%aal‘rfg oe?ﬁngggg%ﬁeesﬁluh%e ap%] y%tr y’s'?gafﬁiv ysilloiv‘éon
patt er ns tandpb@ atheregat e- R ecd i dg | DS fisHCht £ 8disSEEbPYL ifgR Of rLh@F ges of
the static electricity has a nore adverse affect than when the substrate is
i fted upipgudtashaveibepnasdsio oiommejeat ecineads fé remcelseo gr bhadednss age.

El ectrost at, c, destructjon occyr between the polycrystalline silicon
patterns Sa‘hl?]sﬁ?etsegé‘tseﬁigsﬁln% BYE ISWé?\é’,,\%llnrg gteBre Rby dft 1stdisclaspd y

possi Bl e ;f, . i LGidYiat st oy, .t he [ - fd ransi st ors.
SUM\/AEY é:IPQﬁE%ﬁlhﬁﬁE{lﬁI’wag%é%?n%%?/e L? h%sgtrhecs%tnltox} %:??n@ilo#l g]f}g\’/iacfég’ a
circuit Zapticay aglp5lanliest pagieVant hirld® P COr 4 RACF i@fs . SYCPh b aGH ﬁt atic
destruction in thin-filmtransistors and a flat panel "display with the
same. Thdhat sthgspectivé tempcenshiciowennyersi sofi reathd thiR5fidnci rcuit

array substrat.e provided wifh an optically 3 _ transparent substrate,
pi xel s h iaﬁ’d’?\RﬁFEh’l‘ﬁ@ ’@Iaé’:ﬁer#frgmo?ﬂbbcwwélapaﬁslpﬁp@nb@merattleq

I de, bbb ' | I .he,.el de |i
havi ng_ SaBePa o part Brdy exkFaPn IHIRH IR sud IR SIS 15 ovi dea

in a1dif fgatearte f thenf EREL 8L t@lecalni #FF hlohesili@ogl ectrically connect the
el ectrode lines to each other, which are separated by the separating

portions. The second aspect of the present invention is directed 10 to a
flat panel displ devj.ce provided with an optically transparent substrate,
pi xel s havi ng S\AS%/EﬁFnbh%I%I’I}éﬁrsa‘f%Prfeﬁl quérﬁréﬁg%&]@nth%ﬁfﬁé’t@ﬁat@,

el et 1 ol h HBCS CANNEEAED (1540 PHELENIND GlSURRLS. (Ll Sl eelrode Iy nes

havi ng separating poftions; electrically co 15 in

a differedectrionll riomadhetiRECt so86ic | ORscirQc Bl PClibi A Ygs@NNAET tihe
el ectrode lines to each other, which are separated by the separating

por t 1 ®ns 8 udrid rart eoplihveal s vaotdiel atlectrBitye mhy a ectradethé neswizchingpar at ed
by the 20 separ ting Roréi.ons, engt hs of the electrode lines are
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 t.he pins or pads differ from those of the other

portions of the substrate. They cause redistribution of charges



shortened. Thus, when transparent substrate is lifted up while it is
charged with static electricity, the increase in voltages between the

el ectrode lines and switching elements are effectively suppressed so that
el ectrostatic destruction of the 25 switching el ements can be prevented. 4
BRI EF DESCRI PTI ON OF THE DRAWNGS Fig.l is 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 Fig. 2 is another schematic partial plan view of
the flat panel display device shown in Fig. 1~ Fig. 3 is a schenatic
cross-sectional view of the flat |10 panel display device shown in Fig. 2.~

Fig. 41 h -i.C avy: of a f panel_.di spl a evice in
acgordanc%efa\t/\nﬁgh elcs%g%)n ﬂéﬂcﬂ%@ﬁ@%?%%&%ﬁ'e%t:&thel R\%r’ft‘?Bﬁ ‘%t eg. Sis
a schematdith €406t 6aCth@Pin ¢/ bV 8l stdfe fihdtu Aed Qe vl SPI-2¥ ndeYf EEmTPWN i N
Fig. 4~ Fig. 6 is a schematic partial plan view of a flat panel 20 display
devi ce ofort meotdithd etodiaredtthe ctdoor pandeo nist of tthe pudssetrta tienvent i on

Fig. 7 is a schematic cross-sectional view of the flat panel display shown
in Fig. 6~ 25 Fig. 8 is a schematic plan view of a prior art flat panel

5 In the case, particularly, that a gate insulation film is
formed at small polycrystalline silicon patterns isolated from
major ones on the substrate, that long gate-electrode leads are
formed on the gate insulation film, and that electric capacitors
are formed between the polycrystalline silicon patterns anld

10 the gate-electrode leads, suéh-redistribu‘tion‘ of charges 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

15 electrode lines. In other words, it is highly possible for the

static electricity to destroy the thin-film transistors.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a circuit
20 array substrate to prevent the occurrence of such electrostatic
destruction in thin-film transistors and a flat panel display

with the same.

The first aspect of the present invention is directed to

25 a circuit array substrate provided with an optically



5 ' display device Fig. 9 is an equivalent circuit diagramof the flat

' panel display device shown in Fig. 8~ 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. DETAI LED DESCRI PTI ON OF THE PREFERRED EVMBODI MENT 15 A
flat panel display device such as a liquid crystal display device of the
first enmbodi ment 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:{l ansi rs,. Furt.nen, ljqui.d cryst.al .display devigce 1 is
an AM.CD %rag%/é%%gb#vi%t hs%gég atemt ipéftle);sreiegé{ﬁﬁgl a wpll%ﬁlhéplgiokg)f‘éﬂ%’&f? array
subst r at odm SHr §#li thh A1 kY s 15U4PS b ot rd tRA% 18RS dSUPSE LS nh i & i S
substantially rectangul ar and optically transparent but electrically 6
i nsul at ed.o Otdemnisw shelfiace ofleghassssubtdhe at el e tiroad elddineubshantimg | v
rectangul ar display regiaon 4 forned on its major portion. Display region 4
is provi osé‘tPW%Eﬂfbg pIRGHINS, of 2 Bixep e st hiicaddiecomdachdveedd antians 5

Further, dj ] i . | a bst t 3 t ai t | t d
neathy POV T O GilhefeRRY AHED AR NEeTTeBPeo8hS Battni FE°) i nes
connect e 1te@ t+1€a N3t & o5l §EEL qqﬁé-eﬁactt%.o%ﬂequﬁggetbi BERhl bt &, disRped i n

parallel 10 with the horizontal direction o ass substrate 3 and are
equal | y specedpiardted \ber theakegiaradtingnpofrtidass substrate 3. Common
capacitor lines 12 are provi ded between gate electrode lines 11, are
di sposed in the horizontal direction of glass substrate 3 as el ectrode and
auxiliary capacitqr. |lines. .15 and are .equally spaced in the vertical

PEndh d g

direction of gl asd%HESORT #spe € R élné’ce[r?g‘d’él iendtracted
f or mgd on;ogl@smwbgbmaue_&sfmyareedhéé)%%di!aetdﬂew\ishtié:ﬁl' optiggiipn of

gl ass 20 substrate as signal and electrode lines. Signhal eléctrode |lines
13 are ndo@adsparéhé souwbstmite) apixedsgahaveéhect sedechings &le aiwhtonmon
capacitor, lines 12. Signal el ectrode |ines 13, gate electrode |lines 11 and
conmon cdpisiedron ithestuansparentesphotirade, redecsredieslime supamested
arranged ,i n i d-1ik 5 strugture. .7 anwhi l e, .an yndercoat f.ilm not
‘shown buttostgi‘feds\ﬁﬁﬁ%s‘i“ﬁc e e Pt te, tzfll‘e‘fi c "&Fiod’:‘f (Leltle.esi s AP t ed on
the main ssiyd Ace A58 nSUSTd @G cd11y Wk d b 3yt ??HQ g 4 Or med
on the ur?(?gcoat r%":gllﬁ%J as pr)liiel corrpgnen}%rs provikgie%éfor @t"g{i pl‘f(igl%(\i).
‘Thi n16i | rimt reand i fHfleares t2 ifil mc| frden pohyc reiwtcalrbidre 1Snleisc o fdélgvtr2dadby
pol ycrystal line sem conduct or | ayers.

connect the electrode lines to each other, which are separated

by the separating portions, and an optical modulator.

Since the electrode lines are separated by the

20 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 so that electrostatic destruction of the

25 switching elements can be prevented.



Pol ycrystal line semi conductor films 22 such as polycrystalline silicon
(p-Si) filnms are made by the irradiation i0 of excinmer |aser beans to
anneal anorphous silicon (a-Si) filnms, i.e., by nelting and crystallizing
the a-Si films. Polycrystalline sem conductor filns 22 are sem conductor
patterns for thin-filmtransistors with which active sem conductor |ayers
23 are provided at the central portions 15 as channel regions. Ohmc
contact regions 24 are formed on both sides of active sem conductor |ayers
23 which function as source and drain electrode regions. Gate insulation
films 31 made fromsilicon oxide 20 insulation filns are formed on the
undercoat filmto coveBRABT VB EBORIPTUONIOFaTH E 28R AW I10hGisc cont act
regions 24 of thin-filmtransistors 21. A plasna chem cal vapor deposition
met hod is applied to deposit silicon oxide for gate insulation filns 31 on
the undercoat fi [Fng.25isGat eckbeacdtiadplhinnese wlofre platmed DHlporgdnes 8
correspon anito active, sem conductor layer 23 of thin-filrn transistors 21
and are e‘g\FEH ay e c‘é‘r& im aerondapepwvdbhdthechiret omhedimendenf ddreluct or

| ayer 23. é it tl§Iectrode lines 11 are separated from each ot her by
separatlﬂb portr ons &’shown in Fig. 2. Separating portions 32 are

el ectgically discontinued between gate electrode lines 11 and are provided
in the horizontal direction of gate electrode lines 11 for respective

pi xel s 5. Separ affiigg 2 Os ardtiloews s3h eanalbiaper xiiapqslecth hdeweed tHe M4t m
transistors 21 of pixels 5 to shorten the length of each gate el ectrode
line 11 é’r‘i‘ﬁﬁéé’dsﬂ’dlﬁypﬂﬁé'llcs shewamina¥Fisn loapacitors 34 are forned on gate
15 insulation filnms 31 separated fromgate el ectrode lines 11 and are

provi ded with common capacitors 12. Common capacitors 12 are electrically
isolated from apdgar® g %p%q&-m'at@@r@%& - 3l dtflo ngAt %ISW% QHE klé‘fs 11.
Here, common capaC|tors 12 are made f ron1t e sane nmaterials, inthe
samalproqmselahszﬂagadevebecshmwm innEsgl®.; Conmon capacitors 12 and gate
el ectrode lines 11 are covered with interlayer insulation film35. A plasma
chenical vapor deposition is applied to deposit and stack silicon nitride

25 and sil tof terl | ati.on film35. Furth
contact hol oo 36T 4R 55 & ECRGISEH SIbR Gire of A nartipLa SIat mRek1 and

interl ayQyisiplayl dedvaRel ihMdeok@arfdEGH i CROINEELAR: embodiment of
the present invention;
15
F1g 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 is a schematic plan view of a prior art flat panel



Conhtact holes 36 and 37 are provided for, and 5 electrically connected to,
ohm c contact regions 24 on both sides of gate electrode lines 11 of
thin-filmtransistors 21. Contact holes 36 are filled with electrically
conductive filns to connect ohm c contact regions 24 to signal electrode 10
i nes 13 which function as source electrodes of thin-filmtransistors 21.
Further, contact holes 37 are filled with electrically conductive filns to
connect ohm c contact regions 24 to drain 15 electrodes 41 of thin-film
transistors 21. Drain electrodes 41 face conmon capacitor lines 12 of
accurnul ati on capacitors 34 to define auxiliary capacitors with conmon
capaci torg.l i nes &2 through interlayer insulation film35. Drain el ectrodes
41 are pﬂé@g Wt R %ane | ayer, made fromthe same materials and 20 forned
by the sane process as signal electrode lines 13. Thin-filmtransistors 21
are conposed of signal electrode lines 13, drain el ectrodes 41,

pol ycrystal | i ne Begi @iglaat e fiiviate nz2¢igatie ¢élegrandefitinedldt pagetle
insulation film31 and interlayer insulation film35. 25 On the other hand,
a pair ofliepdeycdendress38wandn3Bigo 85 are provided on both sides of
separgting portion 32 of gate electrode |line 11 and are connected to edge
portions of gate electrode lines 11 separated by separating portion 32.

| sland-1ike el eciypcahly £ONGHC!deivA1d®e 42iAESIS | 41 eihbn BagoRale] hol es
38 and 39 and are Torned on interfayer insulation film35 to connect one
edge portdieplag destiberslodwgnin BigcBrmen Isitaes diffeepartafssimbyhaépar ati ng
portions 32 through contact holes 38 and 39. Thus, electrically conductive
film 42 B 8epogsdted in contact holes 38 and 39 and on 10 interl ayer
insulation film35. Conductive film42 is simlar to a character of "T" in
cross-section as shown in Fig. 3 by dotted lines. In other words, parts of
gate;glectrode |iges 41y exfend dRatQcteristilc et&FVEI Gallley LoNdYst itdee film
42. Conductive filnms 42 are placed in the sanme |ayer, nade fromthe sane
mat eri al prevwhf anvechtiyn.he same process, as signal electrode |ines 13.
Signal electrode lines 13, drain electrodes 41 and 20 interlayer insulation
films 35 are covered with protection film43. Contact holes 44 are nade-

t hrough protection film43 are filled with electrically conductive filns as
electrically conducHEVEARQ/E DODE SORIRAI (N €F 4HHE P R ERRERCh to
drain electrodes 41 of thin-fil RirpoPEMERNEL- 25 Protection film 43 and
.contact holes 44 are covered 11

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 is 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 transparent but electrically



with transparent pixel electrodes 45 nmade fromindiumtin-oxide (1TO
films. Transparent pixel electrodes 45 are electrically connected to drain
el ectrodes 41 through contact holes 44. Further, transparent pixel
el ectrodes 45 are 5 disposed at places facing common capacitor |ines 12
t hrough protection film43 and interlayer insulation film 35. Transparent
pi xel el ectrodes 45 are controlled by thin-filmtransistors 21 provided in
pixels 5. Alignment film46 is deposited on protection film 43. 10 G rcuit
array substrate 2 faces rectangul ar plate-like counter substrate 51
provided with transparent glass substrate 52. Red, green and blue dotted
color filters 53 are,disposed on a main surface of, counfer sybstrate 51
nsuslal?r’let(ﬁafqgﬁ %Bé?ré?tue&?.ceﬂ? segl(?o"lsorS‘FPP?E?ge 58 dpely ded

faci ng 15 08¢
opposite I1\ey i :pl.a J C r_e r ode
54 is forgnlg%égﬁﬁg%lt}yfEgte%éégg?gﬁfﬁ@{%?g@%p%géﬂ gdsg#iplggemo ﬁ)gilount er
20 substredetidh.i s Dppokiy erégiéhatd dk girdide dir wdyhsubsplaiglRy of
rectangul ar counter electrode 54 entirely faces display region 4 on glass
substrat @ixede ardispespdtimapedpttadi matank.film 55 is formed on the

surfaﬁe of counter substrate 51. 25 G rcuit array and counter substrates 2
and 51 are provided opposite to each other while alignnment film46 of 12

cirouit array subsiitld 241 SRSy UoelBTPAtof BIHLI%: 0hEPURL O cSURSLAl e 51

Thus, transparent pixel rodes Clrcult array su rate are

opposi t e gatecoaderraleclimwee 94 ,0fi.equng£te Sellebtpd 8edl.ofli i fgI xSt al
conposition 56 is held 5 between alignnment filnms 46 of circuit array
substrat érangigtarsgnamst fsdansbngf Liowes erceonbsctade $& ashan gpitiecal
nmodul ator., Circynfergances qf liquid,crystal conposition 56 are tightly
seal ed. fdeﬁtﬁﬁﬁﬁfacﬁﬁr%ien qﬁﬁltﬁﬁaeo]h% ?cgilt ader éﬁ‘sé’tﬂﬁs"tq‘ atte pagpiiele
descypbedy gl opp ¥ hlarﬁﬁf)ﬁ%ﬁmcﬁtiji'gcﬁ&?'of’L'élpffézérgﬁbs%fr'é%% 3he, fqr gLl on of

t he undercoat filmon glass substrate 3, a  plasma chemcal vapor deposition

is 15 carerqeallyuts ptaxefdrim ahearerpboal direica®onf bfngldwd spyrapd 3 he
undercoat_film Excinmer |aser beanis are then irradiated to anneal the
anor phouL emmesn £ppmaidorhatinase Jddve are npinostidat doetowyenal giazed i nt o

a polycrystallinpe f.ilm .Further,. photolithqggraphy .and etching processes are
carried éﬁ?ckvﬁﬁéﬂ% o 3EFyAiERes 6L i &%q &‘éﬁ&plqt@é Eb???z&%’! A% i ne
silicon r f | CL, %S i iligo 1,C ct: fid s 22 of
Si1icon Bahbr BabdraRg) YCLYSLRLEL WS AhAOR AAIPETY CRREUE b I,

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.



Next, a plasma chenical vapor deposition is applied to formgate insulation
film31 on island-1like polycrystalline silicon patterns and the undercoat
film 5 Subsequently, a netal film not shown, is deposited on gate
insulation film31. Photolithography and etching processes are then carried
out for the netal filmto formgate electrode lines 11 and comon
capacitors 12.. Separating portions 32 are al so provided on gate el ectrode
lines 11. to Next, through a photomask of gate electrode lines 11,
inmpurities are doped into portions where ohm c contact regions 24 are
formed in polycrystalline sem conductor film22 of thin-filmtransistors
21. Such dopi ng LR b td €S ..C 4on_inplantatipn, for jnstance.
Thermal treat nen?'&?g tﬁe%lédafgrnl 2131(2%{ %éigclzhnvé’tore{pPﬁé’%Bngti ﬁgﬁ?i‘ﬁﬁes o)
that the witle sHicbecan®rade! o¥ilifos! @tidieC i st m? C@Riact
regions 24 in polycrystalline sem conductor ??iémﬁzsgr%?p?% n- |€Ir}1 the

transi st onginlsugba e pifaghss < lsarh dalatéepoF himifilm apphisestsOs Rar @re
interlayeir insylatign film35 on gate electrode lines 11 and conmon

capaci t or-Oti’he %@.ﬁ%‘@fg%’é‘éﬁj%htf! N HHdiKelt eomngmmeniad veeid ed forocesses

are perf e nt agt _hal.es 36 . and connected o 14 hm c

r egi oﬁs %M ﬁplgﬁé}gléysfg {]iﬁémscein%acrb%cﬁef&éii ’f’?‘r?n%&%fp? FEX§tg)line
transi st afi$i @in FMUMGEORLAGE HO1 LSr BS: ANGn 3% ERNRESIES L e tlageggge portions
of gate electrode lines 11 separated by separating portion . 5

Subsequently, a netal film not shown, is deposited on contact holes 36 and
37 and interl ayeé i,nsul at i ?ﬁd{l | m 35., Photolithography and etching
processes are thERl¥&ryséa e f gre mpeo peat o | Film st 028 sigwmeh ehect r ode

i nes 13, drai tr.odes 41 _an ectrically conductive filns 42.
Thus, el é’c‘fl iég’lsljtglg’{o’ﬁ‘%&é YR fA(Pl ﬁéﬂﬁlﬁf‘e“‘&t‘%ﬁ)ﬁé’dgé’hﬁ tdiresiedde nhol es
36 and 3bft @xeAMEEt 144er eHE8 PO £6 O ’ tQiRlcRH )i nes 11
to each other. 15 Next, protecti onbfigﬁnﬁ%p%ﬁfog&ﬁng%‘ggngéﬁéﬁy 6e)ﬂd?clt)r ode
lines 13fibmainietectbpdenediingl ectdi calylgtaddiviucs i b d i bABi4Xidmdb,

interlay insul ation film35. Photolithography and etching processes are
carried ?Lﬂlﬁcd‘ﬁ’sﬁlaé BRei ssmisomdyctery cfrlﬂsnzo égntw Bemercamdusteect ed to
drain el 4 ur e transparent pixel .el ectrode | ayer, not -
shown, |§’%t{)t%(r1rg% on]foclgnt%%el{ hfér‘%ls itfaglh%ll_%rotfltosect‘?’b fil h@_.‘ TREt1ve

{ ranspar geim K0P u@kBE I0fkerd APrade IR E L { 1o RGLA peqIgRRY and
et ching processes to formtransparent pixel electrodes 45b. ignment film
46 ib5coaedhanpekaegivns elktriedes n4acande piohecl2idom riei foxfe d OogoNpl et e
circuit arr ) i ) :

ot?lysudes of active semiconductor layers 23 which function as

source and drain electrode regions.

Gate insulation films 381 made from silicon oxide

20 insulation films are formed on the undercoat film to cover

active semiconductor layers 28 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 film.

25

Gate electrode lines 11 are formed on portions



substrate 2. Alignnent film46 of circuit array substrate 2 is then 6
provi ded opposite to alignnment filmb55 of counter substrate 51. Circuit
array substrate 2 is assenbled with counter substrate 51. Subsequently,
liquid crystal conposition 56 is filled in a gap defined between circuit
array substrate 2 and counter substrate 51, and circunferences of liquid
crystal conposition |0 56 are then tightly sealed. Systemcircuits,

pol ari zers, a rear light source, etc., not shown, are further assenbl ed
wWith circuit array substrate 2 and counter substrate 51 to produce liquid
crystal display 15 device 1. As described above, according to the first

nbodi | S I di ice 1 includ | ect | i
T1 separ a0 P ST AERECHE pPLPRe Yo SEaRR el o R R "of BhA JoTmen

gate el ecirangeistiores 21 ared Camle néls?uallyy' is?%_%re’d gphe t?leeciéﬂg?pk\}ﬁ%s 11
define auxiliary capacitors with polycrystalline sem conducto i'l'ms 22 of

thi n-fil rdiveatdpst of 2 @ivenséind cangtueromitykirqdd crystal display device 1
shown in Fig. 8 25 In the prior art liquid crystal display device 1, when
16 gl ass substrate 3 is lifted up by novable pins, not shown, and

grounded states ala ubstrate, 3,are changed, electrostatic charges are
r edi s?ri but ed. Ag%lgér’egéltt% ef/%‘f'iré’g%es 1ilﬂaﬁcgg %feg%ﬁgabéf eEF‘bT&téaélhect rode

lines 11 cyubPblyyseyatraltli hbener ! t il t t.e
insulation fil myél %ay [ nc?e%gjgdn%ﬁgh@tﬁg %gagdeﬂe egggbg'ﬁgga%%sﬂl?&cti on
of gate ipmutiiamison 3fd | mi3l. elercéricallyhe diasentthated adre tSiHbehr alb@ t3 ON

whi ch 10 pol gcrﬁstal | ine sem conductor filns 22 and gate el ectrode lines 11
are forn&decsrgsuHaes dd apsdyareiprawidedi vnitiet horrigant adfd diesgtliap r egi on

4 | t i 1. b l.ai ned bel o i t.h f to Fig. 9. 15
oot R B Gl UinBe TP e B kel ot StRardding | o
accunvl atpask tdbn@as 2 @A@thf@%ib?%%ﬁhlbﬁ\m}et&g%h\{QI-?P]fqﬂrtsraaﬁs oerseg‘iCt rode

line 11, length Ais a length of the first portion of gate electrode line

11 not owdr b Bppled Swi¢ Is nontaeht & b he A2 t Anolf leerdi kR d e1@cteo@é Nigk the 20
second portion o% fgate,el ﬁctrode line 11 overl apped with novabl e pin 62.

Furt her, 3338 ¢ 4ri0EPLEeldr.i ned between the first portion of gate

el ectrode line 11 and stage 61 while, capacitor Cb is defined between the
second portion of gate electrode line 11 and stage 61. 25

Accum‘ulation capacitors 34 are formed on gate

15 1insulation films 31 separatéd 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 chemical
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



Since-display region 4 of glass substrate 3 has 17 repeated | ayouts of
the sanme pattern as for respective pixels, capacitor Cb is expressed by the
following equation: . Cb = B/(A x Ca) and the rel ati onship between

el ectrostatic charge Qo 5 and voltage Vo is expressed by the foll ow ng
equation: flo = (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 novable pin 62. It is assunmed 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

o by movaer ars e TR R Rhes iR ol Gtk B PR oFe ‘é»ﬁedfs e

accor dancgldtirfictdyn @ukcbféR! € of conservation of electric char ge: = {Ca
x C/ (Ca+ Cs) + Cb} x V Fromthose three equations, the foll ow ng
relationship is derived: 20 V/IVo = (A + B)/{AXx G / (Ca + Cs) + B} The
voltage ratio V/ Vo defined inmediately above will be described belowin the
case that a patt éf')?}nb?cbol lepst 6] i aRdsi Bi7Tcoareend tonddetor fdx,l maaal i s

formed on trate th di el ectric constant of "4" a

t hi ck(r;?iess %&?Sﬁgmaﬁoqgﬁcf%gt gnﬂ 01(%lﬁ’alte conhAch iT&EIOMIn %4 B #’(?rt d on
pol yerysteiddnerifate Uikl Ppagelinandyc o Hid i Pl £ 98L8i gL o4 rpple |1nes 11
is formed on gate insulation film 31 an asss strate |sI ted up by
el ectrically conductive novable pin 62 by 50 nrm 5 At that tinme, while

| ength B of gate electrode |line 11 on novable pin 62 is fixed at 5 mm the
entire |length of (‘gfé‘ﬂea@} bodesdE6 14 neefilledswithjedetddi callchangal udts vae

conseque shomn [ | ass supstrate, 3 is lifted up

novabl e gﬁg fof’?eé:Ef 8&1??*/% ctodlvgnﬁfg;r ?Sﬁl?ﬁé énﬁ?hs’cﬁnﬁgt“elelcﬁréld@ctrode
line1dl i @rder3t0v1§mir9h ¥eib A9 t& el aet 'lne 11
and m)vablé1 SI n 62. Thus, ag descri ed gggéei Qggt%ggg ggt ﬁ)ofgeqfl%ce}dg

separ at edraxnsatorpi &l 5 by separating portions 32 and 15 electri caIIy

conductive films 42, which are made fromthe sanme materials as signal
el ectrode lines 13 forned on interlayer insulation fi I m 35, connect one

edge portion of SSAMALES IS S FEALRISK hAS.Mlabd LR A0SR e

conductive films to connect ohmic contact regions 24 to drain

15 electrodes 41 of thin-film transistors 21. Drain electrodes 41
face common capacifor lines 12 of accumulation capacitors 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 same materials and

20 formed by the same process as signal electrode lines 13.
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.

25

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

10



20 As a result, the increase in voltage inposed on gate insulation film 31
bet ween gate electrode line 11 and pol ycrystalline silicon sem conduct or
film22 and el ectrostatic destruction of gate insulation film31l is

ef fectively suppressed 25 so that productivity of circuit array substrate 2
and liquid crystal display device 1 can be significantly inproved. 19

Next, the second enbodi nent of the present invention will be described
below with reference to Figs. 4 and 5. 5 Liquid crystal display device 1
shown in Fig. 4 and 5 is basically the sane as liquid crystal display
device 1 shown in Figs. 1-3 but separating portions 32 are provided not for
every pi : p it f R +i9epar.at.i.-ng. tions 32 are
di sposed)(’(g%e ?‘égﬁgﬁ%ea& >}E)Leblrtg‘J fl)gfe%a Ogr ggg%grgrir:ilﬁgd%c%f%rg,g %g fooi(r)%ants ance.
Here, dunebeqtaioider dsnéllar anet enty ediwéctd Xele &l gdep 6r i SERF 3id 120
portions 32 are forned. Dunmy patterns 71 are the sanme in structure as
conduct i veledtirgdes2limesh b cepaceted by nssefPa natingnmyo phitder 82 ar e

formed on i,nterl.ayer insul ati film35 which_ is different fromgate

i nsul at i (r;[rfllf‘ﬂ‘{ﬁl%eone%ﬁ%&ﬁc@g{]ye spedyefdee | fidga 1 4% earer ridle Botim end
orti@ns eagh cteoye filym du ttern 71 ar.e el ectricall
gonnegte&R%B gatquﬂggtr%ge %#he %ﬁ—gggghrggéhqﬁgﬁqggt %%Ié§“7§{aTﬁH%, ezen

though sepaselid 16 npdi1h08 532026 npledti 88¢ AW e W r GBS % oP AR M fed
nunber of pixels 5 in display region 4 of glass substrate 3, when

stati c- el@ate jelieoiroldeer Jeness51d| asp andtstd dip Sepavesinghe oirtderass 20f

vol tages ,at gatg insulation fi 31 be gate electrode lines 11 and 20
pol ycrysttgﬁqg{h%ﬁs‘f‘f‘i’gi')ﬁE Me@ohg]uﬁpéﬁbmliis degtateaypsopgiuctivean be
suppr ess ffecsi Y4 ane, _ | iQuid crystal ,di,gpl ay,device 1
of the fiel(rilyt%se od%{?réntde (}C)J\}ﬁe?nq% 3@“?@ }gg u?t?nér ,a'f%ehﬁurﬁj‘iﬁl 8

sepangt i rig tpal hiyensi B2ulLEiAATebm B5CABATEA v FN ok N8 19T s ih$14 F 1)
enbodi ment and, as such, nmalfunctions hardly occur at contact holes 72 and
conduct i e chianaeter ¢b “flHain tdre sdese etiven ias yhelwinriat &Figars ey 4@ tpedvent ed.
As described above, dummy patterns 71 are provided for pixels 5 where no
separati H§PB8rtions 32 are formed and both end portions of each durmmy
pattern 71 are electrically 15 connected to gate electrode lines 11. As a
result, capacitors defined between transparent pixel electrodes 45 of

pi xel s 5, where Hunowheatweras, paeeof amdelanth Ok 9igldcinogdgtéhpes 11
have the sanme capacitance as those defined between transparent pixel

el ectpodde asnpk chiedsatricablece nsbpetriate fid 204 oCtd wda cBRv arfél imar 4ed and
el ectricall gonn cted ﬁg condugtive filnjs 42, and gate el ectrode |ines
11. Thus 250 PSaSECanTi LPFPys AR dRYEITs plod ¢ Sroamstre 2 wiexanaterigls dumy

3 on gl ade s TRAREREB SO Bbe BES-U5 AN HERHRT A1 RAC LiReSThBL 70 "
formed on pixels 5 21
Signal electrode lines 13, drain electrodes 41 and
20 interlayer insulation films 35 are covered 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.

25

Protection film 43 and contact holes 44 are covered

11



where no separating portions 32 are provided in liquid crystal display
device 1 of the second enbodi nent, dummy patterns 71 in the third

enbodi ment can be provided for pixels 5, the color of which is the sane as
that of all pixels 5 where separating 5 portions 32 are formed as shown in
Figs. 6 and 7. In this case, capacitors defined between transparent pixel

el ectrodes 45 in pixels 5 where dumy patterns 71 are forned, and gate

el ectrode lines 11 are equal to those defined between transparent pixel

el ectrodes 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 neny ; 1as s“bas,? Labky t e i as at of e sgcond
enbodi meﬁl.tn?S Int ﬂﬁé%g%éi neﬁt?}s{égesc%{{)}gtgo%zsve, %@paraa}%g pof c|’%ns 32
are proviieel vah - tiad & eldect (I0U@) | fingss 11 Brgnbptalteait PiOfdl W% R od@lse

el ectrode line 11 separated by separating portion 32 are electrically
connect edtd 2 eactlesitméeaby conmnected o [dwaiunp. elQagaroatd ngt borthrough32,

however, can b 0,proyid t. common capacitor |lines 12 and both end
portions c(?fnr%cao‘ﬁrréﬁlgﬁp%%i ?gf‘?‘i}?‘h’é’ iﬁa&s@a&'&m‘eé’tléﬁqt%leé&éwdtﬂ%@ fd€obt ai n
subst ant i gl f.uRckl reyi di me 125 Th
pr eseﬁt idﬁ\??rg’taltegﬁ ac?gﬁqgglégl 2%9{;‘%%??%‘%‘}}’?880?% %%thgg?ﬁ&]ees ﬁ%etsh{%léﬁ%gat e
el ectrodeddtersidd, $ilGh a43si @il Ointedlay®G@NNinRGild 6% CHINGCt & to
el ectrodes of thin filmtransistors in a stagger type liquid crystal

di spl ay dewawepaThati pisetli ehectrodbes appl ned zolntoqeldedr pst alhidi-Splay

devi ce whi ch nmakes use of dipdes or other, switchijng elenents than thin-film
5 transi §F8P§.1S|§8Fﬁh§r1, Ifﬁ‘é"tff"eéehfl iH¥&lei oh cfgifgtfém&m i Hdm 048 Iiisqui d

crystal g ; ihC amgar phous silicon thin-filmtransistors.
10 Nthougeﬁ?(;%;fe\ﬁé 0 rggggrrg e, fgi |g§i'd crystal conposition 56 is held

between circuit array substrate 2 and counter substrate 51 as an opti cal
modul ator of liquid crystal display device 1, the present invention can be
applied to flat €irpuntlamiagplsaxb st teed faoes dexkbtdngudhinepl opdilihle

nodul at ors t han qu’bi d cr sta,ﬁl}' conposi, igns. ,2% 25 23 VWHAT IS CLAI MED | S:
1. A cir EQMRLT a8 BB kE Bnp??gl"hé;? an cdnanspaxepir egdasgbstrat e

5 pixel s shayd 19 t3W5LChRRY L FFER! 8 fLYTRE AL S color filters 53 are
disposed on a main surface of counter substrate 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. Alignment film 55

is formed on the surface of counter substrate 51.

25 Circuit array and counter substrates 2 and 51 are

provided opposite to each other while alignment film 46 of

12



transparent substrate electrode |ines connected to said swtching el enents,
said electrode lines being provided in a first filmwth separating
portions and 10 electrically conductive portions provided in a second film
which is different froma first filmto electrically connect said el ectrode
lines with said separating portions to each other. 15 2. A circuit array
substrate according to Claiml, wherein said electrode |ines are gate

el ectrode lines provided for said switching elenents. 3. Acircuit array
substrate according to Caim1l1, 20 further conprising pixel electrodes and
common capacitor lines connected to said pixel electrodes, wherein said

el ectrodecirdifit area§ORuHy tGARRCH ?acbhnsﬁ-gdﬁlme%&iﬂm BIdRYSHPSL S at e

it
according to Claiml, 2 or 25 3 wherein saird swtching elenents are
di sposed $wbatnate il dthwsand asaqpha 0én 63 ik elepbs @fvdWe HOL B i PN+ Su Py OVi ded
for one 24 of sagid pixels. 5. Acircuit array substrate according to
Caiml, "2’5‘7‘3’3;‘“&& TRde conPF e sORP Aritey tpatacarmte pr evé dbxb d or 5dai off pi xel s
5 where n parat . ortipns are provided, wherein said dumy patterns
are substé;%‘?lﬁgﬁygkﬁ%tggﬁg gﬂ'sﬂéﬂéugsc§§?ga&oﬁ‘aﬁﬂ9§/’élﬁ&t5iQ)ri§. Ldp
ci rcuist améwe%_tﬁbsatm?h%@ﬁ@fﬁwg 46 ﬁﬁ:'ighﬂlitzaffa 0 ébs\e’@sgs'ﬂ %:gfj.
pi xel s are provided for colors, sald switching el'erents are drsposed in a
matrix foakbgandearte filovi 86d dresenpeet isweb Onesteof 5 3aidk Phxe! §ptadyl said
separating portions are provided for every said pixel of one of said
col ors. mgodulator. 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 un‘dercoét film on
glass substrate 3, a plasma chemical vapor deposition is
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, photolithography 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



7. Acircuit array substrate according to Claiml1, 2 or 3, further
conprising dunmy patterns provided for said pixels where said separating
portions are not provided, wherein said pixels are provided for colors, 20
said switching elements are disposed in a matrix formand are provi ded for
respective ones of said pixels, and said separating portions are provided
for every said pixel of one of said colors. 25 8. Acircuit array substrate
conprising: an optically transparent substrate 25 pi xel s having sw tching
el enents forned on said transparent substrate el ectrode |ines connected to
said switching elenents, said electrode lines including separating portions
and signal 5 ele e, ld r Qyi [N fi fil. nd electrigally
conductive porti g\#sgg’r S\A%g%n%nggegggcodnldv?iplonl{a ip(?ﬁlﬂ‘g i'Tf %Pé’r%t‘egftoom sai d
first filforto gltet ingalllatisanTeli SHi dogl Qﬁléﬁ‘delilkéle?o%w géhfline
separating _portions to each other, said conductive portion %ei ng made from
the sane sidi¢enarabterns asad dlsd gradeeteat rfolim.l ines. 9. A circuit array
substrate according to Claim8, wherein said electrode lines further
i nclude gate el ectrode lines provided for said switching elenents. 15 10. A
circukt array su di_n 0 i el ULt her conpri si i xel
el ect ?odes and c%ﬁéigggﬁwb? %%\teaslc%:%r#ec OfS PV &S B%(% sq‘l%égf’lnodes,
wher ei n sgd gk elignduleds ol NES]@r € 300MPh ERA3Ehbehr aly S 2 3Q 1Je-tcﬁi?1i cui t
array substrate according to Caim8, 9 or 10 erein sald switc |nggr
el enent s precaelispoeed thea narriadfountnfoanth eamre tafl fidiml txefarat igige
portions is [%I’O\(Iii de]d for _ : ) )
electrode lines 11 and common capacitors 12.. Separating

portions 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 become 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 apﬁlied 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



25 one of said pixels. 26 12. Acircuit array substrate according to
Claim8, 9 or 10, further conprising dumy patterns provided for said

pi xel s where no separating portions are provided, wherein said dumy
patterns are substantially the 5 same in shape as said conductive portions.
13. Acircuit array substrate according to Caim8, 9 or 10, wherein said
pi xel s are provided for colors, said switching elenents are disposed in a
matrix form 10 and are provided for respective ones of said pixels, and
sai d separating portions are provided for every said pixel of one of said
colors. 14. Acircuit array substrate according to Caim8, 9 or 15 10,

furth iShag gy t I o ' . xel , '
Cepar ot i ro e P eRAOAB 2 AOEh PRITCRUSYAFERS RealflfRutiet MISRINE, (o0

col ors, sthihsiilinchragses NI ahel dbuRraeedhble @ 3P &K 3fPE B E
provi ded for respective ones of said pixels, and 20 said separating

portions & elg kRdeedrooticaveref gxite mileetrofiecohines tiigdepalrated by A
flat panel display device co ising: an optically transparent substrate 25
pi xel s hatTRE* W%Erﬁ%’@“&%ﬂ's formed on said transparent substrate 27

el ectrode lines connected to said switching el enments, said electrode |ines
being provided in a first filmwth separating portions electrically

conductive porti @sbeguiedady| m o SOEOM R, id s Wokeh, i§ i § 6 81&IY ofd OM
said first film to electricafly connect said electrode |lines wth said
separat i eepbact chelen d6chnst W37 amdl am taptliayar nocdutlzitdon MW1AS 2B, . A AF
A LAY . Ap . . : .
hotolithography and etching processes are then carried out
for the metal film to form signal electrode lines 13, drain

10 electrodes 41 and electrically conductive films 42.

Thus, electrically conductive films 42 are extended
through contact holes 36 and 37 to connect the edge bortions of
separated gate electrode lines 11 to each other.

15 |

Next, protection film 43 is formed on signal electrode
lines 13, drain electrodes 41, electrically conductive films 42
and interlayer insulation film 385. Photolithography and
etching processes are carried out for protection film 43 to form

20 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 is subjected to

25 photolithography and etching processes to form transpa'rent

pixel electrodes 45. Alignment film 46 is coated on pixel

15
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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 lineér, 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.
25

In the prior art liquid crystal display device 1, when
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glass substrate 3 is lifted up by movable pins, not shown, and
grounded states of glass substrate 3 are changed, electrostatic
charges are redistributed. As a result, voltages induced at
gaps between gate electrode lines 11 and polycrystalline
5 semiconductor 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 38 will be

explained below with reference to Fig. 9.

15 It is assum_ed 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 m'ovable'pin 62 and length B is a length of the
20 second portidn 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
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repeated layouts of the same pattern as for respective pixels,
capacitor Cb is expressed by the following equation:
Cb = B/(A x Ca)
and the relationship between electrostatic charge Qo
5 and voltage Vo is expressed by the following equation:

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)+Chb}xV
From those three equations, the following relationship
is derived:

20 VIVo = (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 p'olycrystalline
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
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formed on gate insulation film 31 and glass substrate 3 is

lifted up by electrically conductive movable pin 62 by 50 mm.

5 At that time, while length B of gate electrode line 11
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 is 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 is
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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Next, the second embodiment of the present invention

will be described below with reference to Figs. 4 and 5.

5 Liquid 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. Sepai'ating 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 fdrmed.
Both end portions of each conductive film 42 and dummy
pattern 71 are electrically connected to gate electrode line 11

20 throﬁgh contact holes 72.

Thus, even though separating portion 32 are provided
only for every predetermined 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
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polycrystalline silicon semiconductor film 22 on glass
substrate 3 can be suppressed effectively in the same way as

liquid crystal display device 1 of the first embodiment shown

in Figs. 1-3.

Further, the number of separating portions 32
decreases in comparison with that of the first embodiment and,
as such, malfunctions hardly occur at contac.t holes 72 and
conductive films 42 so that the decrease in yield rate can be

10 prevented.

As described abo.ve, 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.

25

Although dummy patterns 71 are formed on pixels 5
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&S10% ué& d Jspldly) WeMideN @PRH&6econd embodiment, dummy patterns 71
in the third embodiment can be provided for pixels 5, the color
of which is the same as that of all pixels 5 where separating

5 portions 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
pbrtions 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 11, such as signal or
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in a stagger type liquid crystal display device. The invention
can be applied a liquid crystal display device 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 modulator 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

25
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1. A circuit array substrate comprising:
an optically transparent substrate;
5 pixels having switching elements formed on said
transparent substrate;
electrode lines connected to said switching elements,
said electrode lines being provided in a first film with
separating portions; and
10 electrically conductive portions provided in a second
film which is different from a first film to electrically connect
said electrode lines with said separating portions to each

other.

15 2. A circuit array substrate according to Claim 1,
wherein said electrode lines are gate electrode lines provided

for said switching elements.

3. A circuit array substrate according to Claim 1,
20 further comprising pixel electrodes and common capacitor
lines connected to said pixel electrodes, wherein said

electrode lines are common capacitor lines.
4. A circuit array substrate according to Claim 1, 2 or

25 3 wherein said switching elements are disposed in a matrix

form, and each of said separating portions is provided for one
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5. A circuit array substrate according to Claim 1, 2 or

3, further comprising dummy patterns provided for said pixels

5 where no separating portions are provided, wherein said
dummy patterns are substantially the same in shape as said

conductive portions.

6. A circuit array substrate according to Claim 1, 2 or
10 3, 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 said colors.

15
7. A circuit array substrate according to Claim 1, 2 or
3, further comprising dummy patterns provided for said pixels
where said separating portions are not provided,
wherein said pixels are provided for colors,
20 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 said colors.
25 8. A circuit array substrate comprising:

an optically transparent substrate;
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pixels having switching elements formed on said
transparent substrate;

electrode lines connected to said switching elements,
said electrode lines including separating portions and signal

5 electrode lines provided in a first film; and

electrically conductive portions provided in a second
film which is different from said first film to electrically
connect said electrode lines with said separating portions to
each other, said conductive portions being made from the same

10 materials as said signal electrode lines.

9. A circuit array substrate according to Claim 8,
- wherein said electrode lines further include gate electrode

lines provided for said switching elements.

15
10. A circuit array substrate according to Claim 8,
further comprising pixel electrodes and common capacitor
lines connected to said pixel electrodes, wherein said
electrode lines are common capacitor lines.
20

11. A circuit array substrate according to Claim 8, 9
or 10 wherein said switching elements are disposed in a matrix
form,

and each of said separating portions is provided for

25 one of said pixels.
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12. A circuit array substrate according to Claim 8, 9
or 10, further comprising dummy patterns provided for said
pixels where no separating portions are provided,

wherein said dummy patterns are substantially the

5 same in shape as said conductive portions.

13. A circuit array substrate according to Claim 8, 9
or 10, wherein said pixels are provided for colors,
said switching elements are disposed in a matrix form
10 and are provided for respectivé ones of said pixels, and
said separating portions are provided for every said

pixel of one of said colors.

14. A circuit array substrate according to Claim 8, 9 or
15 10, further comprising dummy patterns provided for said
pixels where said separating 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
20 said separating portions are provided for every said

pixel of one of said colors.

15. A flat panel display device comprising:
an optically transparent substrate;
25 pixels having switching elements formed on said

transparent substrate;
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electrode lines connected to said switching elements,
said electrode lines being provided in a first film with
separating portions;
electrically conductive portions provided in a second
5 film which is different from said first film to electrically
connect said electrode lines with said separating portions to

each other; and

an optical modulator.
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