TITLE OF THE INVENTION Circuit Array Substrate 5 FIELD OF THE INVENTION This invention
relates to a circuit array substrate and a flat panel display device containing the same and, more
particularly, to a thin-film transistor circuit array substrate and a 10 flat panel display device containing
the same. This application is based upon and claims the benefit of priority from the prior Japanese
Patent Application No. 2003-294584, filed on August 18, 2003, the entire contents of which 15 are

incorporated in this application bwﬁ%r%r?ﬁ;s%gﬁgﬁﬁj%%ﬁ: WE BACKGROUND A flat panel

display device, such as a liquid crysta evice, includes a thin-film-transistor circuit array
substrate. Such a thin-film-transistor circuit array substrate is provided with an insulation substrate
and pixels formed on the insulation substrate in a matrix. Each pixel contains an arrangement for a
pixel electrode, a capacitor and a 25 thiauilA traansiStob sk Ete thin-film transistor is made of an
island-like poly-silicon film formed on the substrate. The thin-film transistor and the island-like
poly-silicon film are coated with a gate

5 FIELD OF THE INVENTION

. This invention relates to a circuit array substrate and a
flat panel display device containing the same and, more
particularly, to a thin-film transistor circuit array substrate and a

- 10 flat panel display device containing the same.

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2003-294584, filed on August 18, 2003, the entire contents of which

15  are incorporated in this application by reference.
DISCUSSION OF THE BACKGROUND

A flat panel display device, such as a liguid crystal

20 display device, includes a thin-film-transistor circuit array
substrate. Such a thin-film-transistor circuit array substrate is
provided with an insulation substrate and pixels formed on the
insulation substrate in a matrix. Each pixel contains an

arrangement for a pixel electrode, a capacitor and a

25 thin-film-transistor.



insulation film on which, in turn, a gate electrode and a scanning 5 line are deposited. Furthgr, an
auxiliary capacitor line is formed on the gate insulation film as a common capacitor line but is _
separated from the scanning line. The scanning and auxiliary capacitor Ilnes are covered 1Q with an
interlayer insulation film. Signal lines are formed on the interlayer insulation film th_roggh which contact
holes are made to electrically connect the poly-silicon film to the signal lines The liquid crystal display

device further include 15 counter substrate cqontaining aco‘g)r filt rinsu_la,ti n Ia_ r. The co_unter
substrate is provided ?&%sit@ {0t ]Le’jfxtlzllrcgftaa?rqul[li;/(%%’fjbs]LtSraten.1 i ?Jidoc%ys% |slﬁiﬂ’i‘ﬁ%§hk§ap defined

between thepeirgtil By anehcosiies SWRsYRIes uHRe,9aR isThensqaladal ifs cligumfgrences. Such

a prior art liquid crystal display device as 20 set forth above is disclosed in J_apanese U_nexamlne_d
Publication Red20te-18%248] tsksagesls-6idith Rigkilia3. The priartad ligeiicherystadisplay device
requires a tr.emegdo.us réuénber of pixels to display a big volume of data. 25 Particularly, in the case

that the liquid &St AR piaPaeice RISty f3r BWR; @ &d B %’cﬂéF’tﬂéﬁlW itseneviparray substrate
s 2 negessari PRowidRs W ASKIANRIIONS QLRRS: FesEily A Ioyid cysialdsplay device has
had highly

on the gate insulation film as a common capacitor line but is

separated from the scanning line.

The scanning and auxiliary capacitor lines are covered
10 with an interlayer insulation film. Signal lines are formed on the
interlayer insulation film through which contact holes are made to

electrically connect the poly-silicon film to the signal lines

The liquid crystal display device further includes a

15 counter substrate containing a color filter insulation layer. The
counter substrate is provided opposite to the circuit array
substrate. Liquid crystal is put into a gap defined between the
circuit array and counter substrates. The gap is then sealed at its
circumferences. Such a prior art liquid crystal display device as

20 set forth above is disclosed in Japanese Unexamined Publication

No. 2000-187248, its pages 4-6 and Figs. 1-3.

The prior art liquid crystal display device requires a
tremendous number of pixels to display a big volume of data.
25 Particularly, in the case that the liquid crystal display device used

for an R, G and B color display PC, its circuit array substrate is

2



advanced display criteria of which point defects due to incomplete 5 pixels are _require to be as few as
possible. It is extremely difficult to manufacture a liquid crystal display device Wlt_h no .pomt defects at
a sufficient yield rate. Thus, it is important to provide a liquid crystal display device with a structgre of
less point defects or a method of manufacturing the same. 10 One of the prim_e causes for a point
defect pixel is the occurrence of electrostatic-field breakdowns or destruction in manufacturing a

circuit arra rate,used for a liquid crystal displa vice. When a patterned poly-silicon film used
for 15 thin-%ﬂ%;é?%n%%% rg,rggéfﬁgi(r%vl%gs%aﬁﬁvfurx%a%%%ﬁgﬁﬁ &€ Sre formed on an insulation
substrate, a gate insulation film is provided between the poly-silicon film and the scanning lines.
Subsequently, a plasma chemical vapor deposition 20 (plasma CVD) method is applied by a plasma
CVD machine to depdbitcandliorm didinierlayes teduthitior fifmdevthe Scasninglingsapd the gate
insulation film. During the period of depositing the interlayer insulation film or transferring it to

somewherd SR HEAHEARY fafe B gEmehitdy nieh dednststingilbe Pscwameisters. 3
SUMMﬁRYp%IEFErg\Ir\é%NyQ%IO be as few as possible. It is extremely difficult

to manufacture a liquid crystal display device with no point defects
at a sufficient yield rate. Thus, it is important to provide a liquid
crystal display device with a structure of less point defects or a
method of manufacturing the same.
10
One of the prime causes for a point defect pixel is the
occurrence of electrostatic-field breakdowns or destruction in
manufacturing a circuit array substrate used for a liquid crystal
display device. When a patterned poly-silicon film wused for
15  thin-film transistors, scanning lines and auxiliary capacitor lines
are formed on an insulation substrate, a gate insulation film is

provided between the poly-silicon film and the scanning lines.

Subsequently, a plasma chemical vapor deposition

20  (plasma CVD) method is applied by a plasma CVD machine to
deposit and form an interlayer insulation film on the scanning lines

and the gate insulation film. During the period of depositing the
interlayer insulation film or transferring it to somewhere else,

electrostatic fields are generated which destroy thin-film

25  transistors.



Accordingly, the present invention provides a circuit array substrate and a flat panel display device
containing the same with suppression of point defects due to electrostatic field breakdowns while their
5 yield rates can be improved. The first aspect of the present invention is directed to a circuit array
substrate provided with an optically transparent substrate, a thin- film transistor formed on the
transparent substrate having a first 10 semiconductor layer, a gate insulation film and a gate line, and
a second semiconductor layer formed on the transparent substrate, wherein the gate line is

overlapped with the first an§ BRMA RENO THEIPNYERStyah the gate insulation film. 15 The
second aspect of the present invention is directed to the circuit array substrate set forth in the first

aspect of the present inventdSHCEHES e aprrsaits Hacmbieindeirbetderemtheificsiseariegnductor

layer and a refeigsisaqeotanidl Hhreugh gp s& fLate defmed etween the first
semiconductor layer and thegate line thgc?ﬂabh the gaté Zo%lssu atfé())(r%l ml&% dethe BT8Ry SEH ﬁhe

second semicSRRERT PR Glﬂfed?é?éférﬁbéeﬁ@téh@raﬁmﬁd felibbadzdtd@enshelstcohdir
semicondyctorirygraiad g, 38e 3pg the capacitors satisfy the inequality: Ca/(Ca + Cb) <
Cc/(Cc + Cd). 4 BRIEF DESCRIPTION OF THE DRAWINGS A more complete appreciation of the
present invention

The first aspect of the present invention is directed to a circuit
array substrate provided with an optically transparent substrate, a thin-
film transistor formed on the transparent substrate having a first

10  semiconductor layer, a gate insulation film and a gate line, and a second
semiconductor layer formed on the transparent substrate, wherein the gate
line is overlapped with the first and second semiconductor layers through

the gate insulation film.

15 The second aspect of the present invention is directed to the
circuit array substrate set forth in the first aspect of the present invention,
wherein let capacitors be Ca defined between the first semiconductor layer
and a reference potential through the transparent substrate, Cb defined
between the first semiconductor layer and the gate line through the gate

20  insulation film, Cc defined between the second semiconductor layer and the
reference potential and Cd defined between the second semiconductor layer
and the gate line, and the capacitors satisfy the inequality: Ca/(Ca + Cb) <
Cc/(Cc + Cd).



and many of its attendant advantages will be readily obtained as 5 the same becomes better
understood by reference to the following detailed descriptions when considered in connection with the
accompanying drawings, wherein: Fig. 1 is a plan view of a flat panel display device in 10 accordance
with the first embodiment of the present invention; Fig. 2 is a schematic cross-sectional view of the flat
panel display device shown in Fig. 1 which is placed on an electrically conductive table; 15 Fig. 3 is a

cross-sectional view o , isplay. device cut along line 111-111' shown in Fig. 1; Fig. 4 is a
schematic circuit arranf]gigr%}g%t @f%tr(?‘rg{ %91‘&63&3%@ VERDWAIn Fig. 1; and Fig. 5is a plan
view of a flat panel display device in accordance with the second embodiment of the present
invention. 25 DESCRIPTION OF THE EMBODIMENTS 5 Embodiments of the present invention will
be explained below with referenaenio Ibecatiaghest tramingsstshoyld he poted that thg present
invention is not limited to the embodiments but covers their equivalents. Throughout the attached.
drawings, 5°hilr e &hé e rRFépRd M tadyesiiegesinvilal, dguiedeniprobtained as

-~

5 the same becomes better understood by reference to the following

A

detailed descriptions when considered in connection with the

accompanying drawings, wherein:

Fig. 1 is a plan view of a flat panel display device in

10 accordance with the first embodiment of the present invention;

Fig. 2 is a schematic cross-sectional view of the flat panel
display device shown in Fig. 1 which is placed on an electrically
conductive table;

15

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

device cut along line III-IIT’ shown in Fig. 1;

Fig. 4 is a schematic circuit arrangement of the flat panel

20  display device shown in Fig. 1; and

Fig. 5 is a plan view of a flat panel display device in

accordance with the second embodiment of the present invention.

25 DESCRIPTION OF THE EMBODIMENTS



same components. FIRST EMBODIMENT 10 A flat panel display device in accordance with the _first
embodiment of the present invention will be explained with reference to Figs. 1-4. A flat panel. dls_play
device, such as active-matrix type 15 liquid-crystal display device 1, includes top-gate type thin-film
transistors and circuit array substrate 2 as shown in Fig. 3. Circuit array substrate 2 has an
approximately rectangular and transparent-insulation substrate 3, such as #1737 glas_s substrate_
manufactured by Corn@géncgﬁqratedgfolg major region of glass sub._strate 3 forms display portion 4
as shown in Fig. 4 where dSEHRASRLBIAY FieIPARS SRaGete bR P At Eécﬁ’.‘m%}%@ié provided with
pixel electrada fy CARAGIT.-BRAI U UARSISIRL 25, 553009 20 s ines, A1, are horizontally

e
disposed at 6 vertically regular intervals on glass substrate 3._ canning and gate Tifes™1 are mgde
of a molybddrimtimopy adley tandelectically eerntciadda thin-fiy Bansiiors s & Fyther, auxiliary
or common capacitor lines 12 are .
covers their equivalents. Throughout the attached drawings,

ot

similar or same reference numerals show similar, equivalent or

same components.

FIRST EMBODIMENT

10 A flat panel display device in accordance with the first
embodiment of the present invention will be explained with

reference to Figs. 1-4.

A flat panel display device, such as active-matrix type

15 liquid-crystal display device 1, includes top-gate type thin-film
transistors and circuit array substrate 2 as shown in Fig. 3. Circuit
array substrate 2 has an approximately rectangular and
transparent-insulation substrate 3, such as #1737 glass substrate

manufactured by Corning Incorporated.

20
A major region of glass substrate 3 forms display portion
4 as shown in Fig. 4 where dot-like display pixels are arranged in a
matrix. Each pixel 5 is provided with pixel electrode 6, capacitor 7
and thin-film transistor 8.
25

Scanning and gate lines 11 are horizontally disposed at

6



provided between, and in parallel with, scanning and gate lines 11. Auxiliary capacitor lines 12 are
electrically connected to capacitors 7 and thin-film transistors 8. 10 Video signal lines 13 are disposed
vertically at horizontally regular intervals on glass substrate 3. Video signal lines 13 are made of a
stacked layer of aluminum (Al) and high-melting point metal. 15 As shown in Fig. 4, Y-axis driver
circuit (gate driver circuit) 14 is vertically provided at an edge portion of glass substrate 3. Y-axis
driver circuit 14 is e{ ctrically connected to scanning and gate lines 11. 20 Likewise, X-axis driver

circuit (vided SGHA divée ShelitPARGE Her iy proidEnatieat: sofnptiiem Bigeass substrate 3.
X-axis drivey; gigeuif 15, elgetrigallyconnecied to. video signal lines 13. 2 xiliar acitor lines 12
are commonly connecteé3 to driver circuit 16377 M’ga%éhi@?%?agﬁdbs?%&{z Ai%s%%ﬁ%‘é‘?%vith an
undercoat layenaoteshown i -fidele tobsibeorvpirgle or silicon oxide. Thin-film transistors 8 are
provided on the undercoat layer for 5 pixel- switching transistors (see Figs. 1 and 3). Thin-film

transistors 8 contain the first poly-crystalline semiconductor layers,

5 -Further, auxiliary or common capacitor lines 12 are
provided between, and in parallel with, scanning and gate lines 11.

Auxiliary capacitor lines 12 are electrically connected to capacitors

7 and thin-film transistors 8.

10 Video signal lines 13 are disposed vertically at
horizontally regular intervals on glass substrate 3. Video signal
lines 13 are made of a stacked layer of aluminum (Al) and

high-melting point metal.

15 As shown in Fig. 4, Y-axis driver circuit (gate driver
circuit) 14 is vertically provided at an edge portion of glass
substrate 3. Y-axis driver circuit 14 is electrically connected to

scanning and gate lines 11.

20 Likewise, X-axis driver circuit (video signal driver
circuit) 15 is horizontally provided at an edge portion of glass
substrate 3. X-axis driver circuit 15 is electrically connected to

video signal lines 13.

25 Auxiliary capacitor lines 12 are commonly connected to

driver circuit 16.



such as a poly-silicon semiconductor layers 21, formed on the undercoat Iay(_ar. 10 Poly-silicon
semiconductor layers 21 are poly-silicon films made by excimer-laser annealing tp melt.and .
re-crystallize amorphous silicon films. Each poly-silicon semic’onduct(_)r layer 21 is prowgled with
channel region 22 and source and drain regions 23 and 24 on both sides _c_>f channe_l region 22. 15
Further, the second poly-crystalline semiconductor layers, such as poly-silicon semiconductor layers
- 25, are formed on the undercoat layer but apart from poly-silicon semiconductor layers 21.
Poly-silicon semiconductor layers 25 are used not for thin-film 20 transistors 8 but for dummy

semiconductor layers.NDuimiish i RO Bilicor semicondyciorJayess 29 ;:a5e made, 9k ihe same

poly-silicon films and by the same processes as poly-silicon semiconductor Iz_;lyer_s 21. 25 Each
dummy poliasiicomsémitorrductonlayer2kiso providesfomevery pixel 5o eirguib arey, substrate 2

but 8 electrically jnsulated from each poly-silicon semiconductor layer 21. Further, as shown _in Fig. 1,
dummy po@- ﬂ%é BorhiconGdess 14 et 5 Resmidrg in widirethun drrse afglavie 8 and disposed

under, and ajQng. Vi%?tﬁmlir&gfgsistors (see Figs. 1 and 3). Thin-film

transistors 8 contain the first poly-crystalline semiconductor layers,

such as a poly-silicon semiconductor layers 21, formed on the

undercoat layer.

10 Poly-silicon semiconductor layers 21 are poly-silicon films
made by excimer-laser annealing to melt and re-‘crystallize
amorphous silicon films. Each poly-silicon semiconductor layer 21
is provided with channel region 22 and source and drain regions 23

and 24 on both sides of channel region 22.

Further, the second poly-crystalline semiconductor layers,
such as poly-silicon semiconductor layers 25, are formed on the
undercoat layer but apart from poly-silicon semicbnductor layers 21.
Poly-silicon semiconductor layers 25 are used not for thin-film

20 transistors 8 but for dummy semiconductor layers. Dummy,
poly-silicon svemiconductor layers 25 are made of the same
poly-silicon films and by the same processes as poly-silicon

semiconductor layers 21.

25 Each dummy poly-silicon semiconductor layer 25 is

provided for every pixel 5 on circuit array substrate 2 but

8



In short, dummy poly-silicon semiconductor layer 25 is covered with \_/ideo sign_al line 13. In_ additlpn,
dummy poly-silicon semiconductor layer 25 10 has a tapered-off portion 26.at its gdge portion WhICh
faces poly-silicon semiconductor 21 of thin-film transistor 8 and a cross-pom.t portion Qf scanning and
gate lines 11 and video signal line 13. The edge portion is also overlapped Wlth scanning and gate
lines 11 and video signal line 13. 15 As shown in Fig. 3, gate insulation film 31 is formed on channel

region 22, squrce and.drain regions 23 and 24, and the _undercoat layer. Gate insulation film 31 is
made of 15045 Hidk LSTUBN EUE B 4B BB CO0 S HReiRGa fo1pohy SMesn o

semicondugiar By 2 and e-krlereaat ayer, (it oL nayau teglangulat gale elcetrodes 32 are

provided opposite to channel region 22 of thin-film transistor 8 on gate insula A 31 _Gate
electrodes B2yare apart froméach 25vathen aleng thrilangiipding directiomafich &ggion 22. As
shown in Fig. 1, gate electrodes 32 are formed in integration with, 9 and ele_ctrlca y connectet_zl to,
scanning ahﬁ‘&&t‘é ﬁ’ﬁédlall.oﬂﬁat‘féfiﬁatélém%lrm B8D.are narrow strips prpjected from scanning and
gate line 11. Further, scanning and gate line 11 formed on gate insulation film

In short, dummy poly-silicon semiconductor layer 25 is

covered with video signal line 183.

In addition, dummy poly-silicon semiconductor layer 25
10 has a tapered-off portion 26 at its edge portion which faces
poly-silicon semiconductor 21 of thin-film transistor 8 and a
cross-point portion of scanning and gate lines 11 and video signal
line 13. The edge portion is also overlapped with scanning and gate
lines 11 and video signal line 13.
15
As shown in Fig. 8, gate insulation film 31 is formed on
channel region 22, source and drain regions 23 and 24, and the
undercoat layer. Gate insulation film 31 is made of 150 nm thick
silicon oxide by applying a plasma CVD method to poly-silicon

20 semiconductor layer 21 and the undercoat layer.

A pair of narrow rectangular gate electrodes 32 are
provided opposite to channel region 22 of thin-film transistor 8 on
gate insulation film 31. Gate electrodes 32 are apart from each

25  other along the longitudinal direction of channel region 22. As

shown in Fig. 1, gate electrodes 32 are formed in integration with,

9



5 31 is overlapped with a part of tapered-off portion 26 of dummy poly-silicon semiconductor layer 25
and, by means of gate electrodes 32, poly-silicon semiconductor layer 21. Thus, scanning and gate
line 11 extends in the width direction of dummy poly-silicon semiconductor layer 25 and crosses over,
and is overlapped with, the edge portion of tapered-off portion 26 of 10 dummy poly-silicon
semiconductor layer 25. Scanning and gate line 11 is provided on gate insulation film 31. As shown in
Fig. 2, poly-silicon semiconductor layers 21 and 25 on glass substrate 3 of circuit array substrate 2 is

placed on elecifigdlv1det,GeAHyClYe iRRIE #3yhichis iy e ddcifienqq PaiRRYal, cgppcitor Ca

is defined between poly-silicon semiconductor layer e capacitor ned
between poly-siliegiredenisdranecrategersitinadrojestnihdrand spaterime Bind-gatelnagacitor Cc is
defined between dummy poly-silicon semiconductor layer 25 and table 33 while capacitor Cd is 20
defined between dummy poly-silicon semiconductor layer 25 and scanning and gate line 11. Dummy
poly-silicon semiconductdiiatler1?Siaseing satibfyathdindolliforineglialityg (Ga/{(Gautation<fihie/(Cc +

whieh are apart 1o JAti B SR S0 G Bhees G SRTIEE PR CRBHERR S nes 12
formed on gateséraidatiduditor JnyerEEiwnd 7 eyentlasisicatlsinsukliad foassostE gepietaps2 of
thin-film semiconductor layer 21. Thus, scanning and gate line 11 extends in the
width direction of dummy poly-silicon semiconductor layer 25 and crosses
over, and is overlapped with, the edge portion of tapered-off portion 26 of

10 dummy poly-silicon semiconductor layer 25. Scanning and gate line 11 is

provided on gate insulation film 31.

As shown in Fig. 2, poly-silicon semiconductor layers 21 and 25 on

glass substrate 3 of circuit array substrate 2 is placed on electrically

15 conductive table 33 which is grounded at a reference potential. Capacitor Ca
is defined between poly-silicon semiconductor layer 21 and table 33 while
capacitor Cb is defined between poly-silicon semiconductor layer 21 and
scanning and gate line 11. Further, capacitor Cc is defined between dummy
poly-silicon semiconductor layer 25 and table 33 while capacitor Cd is

20  defined between dummy poly-silicon semiconductor layer 25 and scanning
and gate line 11. Dummy poly-silicon semiconductor layer 25 is set to satisfy

the following inequality: Ca/(Ca + Cb) < Cc/(Cc + Cd).

10



transistors 8 and cross scanning and gate lines 11. Capacitors 7 are, however, m_ade in_the same
process, and of the same materials, as scanning and gate lines 11. 10 Interlaye_r |ns.ulat|on film 35 is
then formed on common capacitor lines 12, gate electrodes 32 and gate insulation film 31. Interlayer
insulation film 35 is a stacked layer of 350 nm silicon nitride and 450 nm silicon oxide formed by
applying a plasma CVD 15 method. Subsequently, contact holes 36 and 37 are made through
interlayer insulation film 35 and gate insulation film 31. Contact holes 36 an_d 37 are located on both.
sides of gate electrodes 32 of thin-film transistors 8 at portions corresponding to 20 source and drain

regions 23 and 24 of thin-filpa {rapaistors £.icontaet Qpé?ﬁoﬁ&%’[};’?&}m%% to scn;rce regions 23 of

thin-film transistors 8 while contact hole 37 is communicated to drain 'rgglonsaz‘ﬁxé ]t%:mf-film_
transistors 8a 28 dlides signaldinesi 48y harte of fihichJunation Bs sesrag Alectiadesfhin-film
transistors 8, are formed on interlayer 11 insulation film 35 and electrically connectepl to source
regions 23 BetHirefiar trahsiStBRAS HBtgh Edtapt Avide d6vDtdinceleotodes 89ppérts of which
functiog aslﬂgggl I&jin&sx, are formeg on mterlayer Jnsul?ﬁ% flg'ri.?,Sdncludmg contact

med on gate insulation apacitors 7 are
electrically insulated from gate electrodes 32 of thin-film
transistors 8 and cross scanning and gate lines 11. Capacitors 7 are,
however, made in the same process, and of the same materials, as

scanning and gate lines 11.

10

Interlayer insulation film 385 is then formed on common
capacitor lines 12, gate electrodes 32 and gate insulation film 31.
Interlayer insulation film 35 is a stacked layer of 350 nm silicon
nitride and 450 nm silicon oxide formed by applying a plasma CVD
15 method. Subsequently, contact holes 36 and 37 are made through

interlayer insulation film 35 and gate insulation film 31.

Contact holes 36 and 37 are located on both sides of gate

electrodes 32 of thin-film transistors 8 at portions corresponding to

20 source and drain regions 23 and 24 of thin-film transistors 8.
Contact hole 36 is communicated to source regions 23 of thin-film
transistors 8 while contact hole 37 is communicated to drain

regions 24 of thin-film transistors 8.

25 Video signal lines 18, parts of which function as source

electrodes of thin-film transistors 8, are formed on interlayer

11



holes 37 connected to drain regions24 of thin-film transistors 8. Drain electrodes 39 are provided
opposite to common capacitor lines 12 of capacitors 7 to define auxiliary capacitors together with
common capacitor lines 12. Drain electrodes 39 are electrically 10 connected to drain regions 24 of
thin-film transistors 8 through contact holes 36. Further, drain electrodes 39 are made in the same
process, and of the same materials, as video signal lines 13. Thus, thin-film transistors 8 are

composed af vidfo Si n?il 15 lines 13, drain electrodes 39, ply-silicon semiconductor layer 21,
scanning add §At8 it8s Himgdteand plfshmmR13Y 8H8’ﬂ*ﬂéﬂ%§ér0 iPRuAGoreRN 8BS A%evéling and

protective fikHi%lﬂﬁ@rﬂﬁngﬁ%%ogS&'}%:gé% “ﬁner?t%%t drain electrodes 39 of thin-film transistors 8

and interlayer insulation film 35. Contact are ma e?ﬁrough protective film 41 to reach drain
electrodes 39 of thin-film transistors 8. 25 Pixel electrodes 6 made of an indium-tin-oxide (ITO) film
are filled in contact holes 42 and also formed on protective film 41. 12 Pixel electrodes 6 are
electrically connected #8%diin electioertes3d Yof thinfimptfandistdrs Buthroogh eentagthwles 42. Pixel
electrodes f; are controlled b)éthin-filrp transistors 8. Alignmg_nt film 43 is coated on pixel electrodes 6
and prdtectlv‘élﬁf'm%ﬁ(? tormed on interlayer insulation film 35 including contact

holes 37 connected to drain regions24 of thin-film transistors 8.

Drain electrodes 39 are provided opposite to common capacitor

lines 12 of capacitors 7 to define auxiliary capacitors together with

common capacitor lines 12. Drain electrodes 39 are electrically

10 connected to drain regions 24 of thin-film transistors 8 through

contact holes 36. Further, drain electrodes 39 are made in the same

process, and of the same materials, as video signal lines 13.

Thus, thin-film transistors 8 are composed of video signal
15 lines 13, drain electrodes 39, ply-silicon semiconductor layer 21,

scanning and gate lines 11, gate insulation film 31 and interlayer

insulation film 35.

Leveling and protective film 41 is formed on video signal
20 lines 13, drain electrodes 39 of thin-film transistors 8 and
interlayer insulation film 35. Contact holes 42 are made through

protective film 41 to reach drain electrodes 39 of thin-film

transistors 8.

25 Pixel electrodes 6 made of an indium-tin-oxide (ITO) film

are filled in contact holes 42 and also formed on protective film 41.

12



5 Further, rectangular plate-like counter substrate 51 is provided opposite to circuit array _substrgte 2.
Counter substrate 51 is provided with an optically transparent and rectangular plate-llke msglatlon
substrate, such as glass substrate 52. Color 10 filter layer 53 with red, green and blqe filters is _
provided under glass substrate 52 of counter substrate 51. The color filter of color filter layer 53 is
disposed on each pixel 5 corresponding to dummy poly-silicon semico_nducto_r layer 25. 15 Color flltc_er
layer 53 is gQvered wi r}r%%tgrhgtélar plate-like counter electrode 54 which entirely faces display portion

4 on glass “substrate 3 oFcircuit Arfay SUBEHSRE'S GRRAO et s iBeHaE EtROBRWIAEd opposite to

circult array subsiat 2 Aonment U 39.45,60160an COHVEL LIREUBde, 514,120 Goynier substrate S1

is provided opposite to circuit array substrate 2 so that counter electrode %4 of counter substrate 51
faces pixel @lectrodes G ofleidcuiyatiajnsfitisiratead ditguid Lrystalligyen e vsreld hetwgen counter
substrate 51 and circuit array 25 substrate 2 as a light modulator and is confined in liquid crystal

display devie@ ' €ByR dxisighe lesNede s hemdPspheativactilmgihe circuit array

5

Further, rectangular plate-like counter substrate 51 is

provided opposite to circuit array substrate 2. Counter substrate 51

1s provided with an optically transparent and rectangular
plate-like insulation substrate, such as glass substrate 52. Color

10 filter layer 53 with red, green and blue filters is provided under
glass substrate 52 of counter substrate 51. The color filter of color
filter layer 53 is disposed on each pixel 5 corresponding to dummy

poly-silicon semiconductor layer 25.

15 Color filter layer 53 is covered with rectangular plate-like
counter electrode 54 which entirely faces display portion 4 on glass
substrate 3 of circuit array substrate 2 when counter substrate 51
is provided opposite to circuit array substrate 2. Alignment film 55
is coated on counter electrode 54.

20

Counter substrate 51 is provided opposite to circuit array
substrate 2 so that counter électrode 54 of counter substrate 51
faces pixel electrodes 6 of circuit array substrate 2. Liquid crystal
layer 56 is held between counter substrate 51 and circuit array

25 substrate 2 as a light modulator and is confined in liquid crystal

display device 1 by a sealant.

13



substrate described above will be explained below. 5 The undercoat layer is formed on glass substrate
3 and an amorphous silicon film is then deposited on glass substrate 3 by applying a plasma CVD
method. Excimer laser beams are irradiated to anneal the 10 amorphous silicon film so that the
amorphous silicon film is melted and re-crystallized into a poly-silicon film. An impurity is then doped
into the poly-silicon film. A photo- lithography is applied to the doped poly-silicon film to make 15 an
island-like pattern of poly-silicon semiconductor layer 21 and dummy poly-silicon semiconductor layer
25 in the same process and with the same materials. A plasma CVD method is applied to deposit gate

20 insulation film 31 of\g 160 rim ;Qigglﬁglgpogpxigglﬁwa%H}qnl.énd%%oat,iand. ﬁhe island-like pattern

of poly-silicon semiconductor layer 21 and dummy poly-silicon Semiconductor ayaerrrf'g. 25 Next, an
electrically sohdtctive thyemrinbt dhoboveutiiade okplalybdensimdive) alloy is formed on gate
insulation film 31. The 14 conductive layer is etched to form gate electrodes 32 of thin-film transistors
8, scanning and gate lines 11 and common capacitor lines 12.

5 The undercoat layer is formed on glass substrate 3 and an
amorphous silicon film is then deposited on glass substrate 3 by

applying a plasma CVD method.

Excimer laser beams are irradiated to anneal the
10~ amorphous silicon film so that the amorphous silicon film is melted

and re-crystallized into a poly-silicon film.

An impurity is then doped into the poly-silicon film. A
photo-lithography is applied to the doped poly-silicon film to make

15 an island-like pattern of poly-silicon semiconductor layer 21 and
dummy poly-silicon semiconductor layer 25 in the same process and

with the same materials.

A plasma CVD method is applied to deposit gate
20 insulation film 31 of a 150 nm thick silicon oxide film on the
undercoat, and the island-like pattern of poly-silicon

semiconductor layer 21 and dummy poly-silicon semiconductor

layer 25.

25 Next, an electrically conductive layer not shown but made

of molybdenum (Mo) alloy is formed on gate insulation film 31. The

14



5 N-type or P-type impurity is then doped into source and drain regions 23 and 24 of thin-film
transistors 8 through gate electrodes 32 as a mask pattern. Subsequently, a plasma CVD method is

carried out to 10 deposit interlayer insulation film 35 stacked with a 350 nm
450nm silicon oxide film on scanning and gate lines 11, common capacitor

silicon nitride film and a
lines 12 and gate

insulation film 31. A photo-lithography method is then applied to make 15 contact holes 36 and 37

through mterlgt\{gr insulati

n film 35 reaching source and drain regions 23 and 24 of thin-film

transistors 8. res%(é%’tﬂ/eel%yﬁ\e&éék%lcl]ﬁﬁgr 9 drrmingsteanlasaneigRsmeRing pbirr - Bdmetal (such a

stacked struggggsgﬂpltssbp’wgdi{]q%e%ga ipterlayer insylation ({ilrg 35 an

and 37 as an electrically conductive layer. An etc%inb processaby a 6%%3

d filled in contact holes 36

thSGREpHY Phethod is

performed fdirtee d@ductive layer to form video signal lines 13, source electrodes, and drain
electrodes 25 39. 15 Further, interlayer insulation film 35, video signal lines 13 and drain electrodes
39 are entirely covered with flat protective film 41. Next, an etching process by a photo-lithography

method.is . _
5 N-type or P-type impurity is then doped into

source and

drain regions 23 and 24 of thin-film transistors 8 through gate

electrodes 32 as a mask pattern.

Subsequently, a plasma CVD method is carried out to

10 deposit interlayer insulation film 35 stacked with a 350 nm silicon

nitride film and a 450nm silicon oxide film on scanning and gate

lines 11, common capacitor lines 12 and gate insulation

film 31.

A photo-lithography method is then applied to make

15  contact holes 86 and 37 through interlayer insulation film 35

20

reaching source and drain regions 23 and 24 of thin-film transistors

8, respectively.

A stacked layer of aluminum (Al) and high-melting point
metal (such a stacked structure is not shown) is formed on
interlayer insulation film 385 and filled in contact holes 36 and 37 as
an electrically conductive 1ayef. An etching process by a
photo-lithography method is performed for the conductive layer to

form video signal lines 13, source electrodes, and drain electrodes

39.

15



again applied to protective film 41 to make contact holes 42 reaching drain electrodes 39. The ITO
film is then sputtered to contact holes 42 and 10 protective film 41 for pixel electrodes 6. An etching
process by a photo-lithography method is further applied to pattern pixel electrodes 6. Alignment film
43 is coated on pixel electrodes 6 and 15 protective film 41 to complete circuit array substrate 2. By
applying substantially the same manufacturing processes as thin-film transistors, Y-axis and X-axis
driver circuits 14 and 115 d driver circuit 16 are formed at circumference locations of display portion

a . . :
4 on glass substrate 3'oFEif&T dR4§dANSFat@ U868 bES RSttty VeRegit i ap sdbaeate 2 is
assembled yyith Gountel,substiaie Rl 19 4lispose ggg- ent film 353 of circuit array, substrate 2 opposite
to alignment film 55 of counter substrate 51. Li%u? cr{/vst%? gfeer fst%h%%aFo}r)r%%/tc? Bl%e]t‘\f\?een'circuit
array 25 subis$tratel2 and counter substrate 51. Circuit array substrate 2 and counter substrate 51 are
sealed at their circumference by a sealant. 16 Further, other components, such as a rear light source,
polarizers and system circuits, are assembled with circuit array substrate 2 and counter substrate 51

to comg)lete liquid crysﬁl(le

xt, an etching process by a photo-lithography method is
again applied to protective film 41 to make contact holes 42

reaching drain electrodes 39.

The ITO film is then sputtered to contact holes 42 and
10 protective film 41 for pixel electrodes 6. An etching process by a

photo-lithography method is further applied to pattern pixel

electrodes 6.

Alignment film 43 is coatéd on pixel electrodes 6 and
15 protective film 41 to complete circuit array substrate 2. By
applying substantially the same manufacturing processes as
thin-film transistors, Y-axis and X-axis driver circuits 14 and 15
and driver circuit 16 are formed at circumference locations of
display portion 4 on glass substrate 3 of circuit array substrate 2.
20
Subsequently, circuit array substrate 2 is assembled with
counter substrate 51 to dispose alignment film 43 of circuit array
substrate 2 opposite to alignment film 55 of counter substrate 51.
Liquid crystal layer 56 is then formed between circuit array
25 substrate 2 and counter substrate 51. Circuit array substrate 2 and

counter substrate 51 are sealed at their circumference by a sealant.

16



5 display device I. As described above, the electrostatic charges accumulated between gate
electrodes 32 and poly-silicon semiconductor layer 21 of thin-film transistors 8 possibly cause
electrostatic 10 breakdowns in the application of a plasma method, such as the plasma CVD or
sputtering process, after the formation of scanning and gate lines 11. The electrostatic charges are
also accumulated between scanning and gate lines 11 and table 33. That is, capacitors Ca are
formed between poly-silicon semiconductor 15 layers 21 of thin-film transistors 8 and table 33 and
capacitors Cb are also formed between poly-silicon semiconductor layers 21 of thin-film transistors 8

and scanning and gatq;l{ﬁet%g;g., %ﬁr&gw&mptgg Squival r}thcigcui o; (I;c%q. E’I 2%) Where it is desirable to

. . : { % sogrce .
simply increase the capacitance of capacitors Ca and Cb coupled with ta and scanning and

gate lines phlrespectivelydths atemotscantiing apd galecinbsell MaphbeilourAsedalf causes an
increased electrostatic charge quantity itself but does not have any effect to suppress the electrostatic
25 breakdoWhBs 1AL cordiRg t6IHE Hiest &b Aientof the sesarie iavéitiord dumatyboly-silicon
semicogdqusrgzilxgr(ggvi‘spprpvided on the undercoat layer of circuit array substrate 2, is insulated

Y iLuT

As described above, the electrostatic charges accumulated

between gate electrodes 32 and poly-silicon semiconductor layer

21 of thin-film transistors 8 possibly cause electrostatic

10 breakdowns in the application of a plasma method, such as the
plasma CVD or sputtering process, after the formation of scanning

and gate lines 11. The electrostatic charges are also accumulated
between scanning and gate lines 11 and table 33. That is,
capacitors Ca are formed between poly-silicon semiconductor

15 layers 21 of thin-film transistors 8 and table 33 and capacitors Cb
are also formed between poly-silicon semiconductor layers 21 of
thin-film transistors 8 and scanning and gate lines 11 as shown in

the equivalent circuit of Fig. 2.

20 Where it is desirable to simply increase the capacitance of
capacitors Ca and Cb coupled with table 33 and scanning and gate
lines 11, respectively, the area of scanning and gate lines 11 may be
increased. It causes an increased electrostatic charge quantity

itself but does not have any effect to suppress the electrostatic

25 breakdowns.

17



from poly-silicon semiconductor layer 21, faces the cross-point of 5 scanning a_md gate Iine_s 11 with
video signal lines 13 and is overlapped with scanning and gate lines 11 and video S|gnal lines 13. As
a result, dummy poly-silicon semiconductor layer 25 10 increases the electric capqutance of
capacitors Cc and Cd coupled to table 33 and scanning and gate lines 11, r_espectlvel_y. Whe_re t_he
electrostatic charge accumulated in gate electrodes 32 is the same in quantity as a prior art liquid
crystal display device withoutgaidummy poly-silicon semiconductor layer 25 and due to gate voltage 15

being V = Q/C, (i.e., géﬁgc\%l 98 v thd Reunttfisfed cndigdies at it§’%q1§ib8lerﬁr@a9f%§itor C) an
increase in yoltage ot 9ai6 AlRAIIQISS- 34:d48 tgetgﬁg(l)%ccggg{aticlgh%rxge »can be efiﬁ%tﬁ’ ely
a

I S rov .
suppressed. Thus, it can avoid the possible electrostatic reakdowns 26 ‘at gaPe insulation film 31

caused in tbe pthsmar@ébDeonsplitesing pracesstatier the faimation of scanning angigate lines 11.
Further, it can also reduce damages of thin-film transistors, i.e., the occurrence of point defects at
pixels 5 of &edit 9Ly stderats emisanddpiosidasostafia charges ih ¢hemasufatturing process of 25
interlayer insulation film 33 after thq.forma]iiqn of. Sﬁlanni g and gate lines 11. Therefore, the

production yield of Tiquid trystal 8 Hisiay tedidk cArctigaftay dnBstraeE 238 Sigifificantly

improved. overlapped with scanning and gate lines 11 and video signal lines

13.

As a result, dummy poly-silicon semiconductor layer 25

10 increases the electric capacitance of capacitors Cc and Cd coupled
to table 33 and scannihg and gate lines 11, respectively. Where the
electrostétic charge accumulated in gate electrodes 32 is the same

in quantity as a prior art liquid crystal display device without
dummy poly-silicon semiconductor layer 25 and due to gate voltage

15 being V = Q/C, (i.e., gate voltage V and accumulated charges Q at
its equivalent capacitor C) an increase in voltage at gate electrodes

32 due to the electrostatic charges can be effectively suppressed.

Thus, it can avoid the possible electrostatic breakdowns

20 at gate insulation film 31 caused in the plasma CVD or sputtering
process after the formation of scanning and gate lines 11. Further,

it can also reduce damages of thin-film transistors, i.e., the
occurrence of point defects at pixels 5 of circuit array substrate 2
caused by electrostatic charges in the manufacturing process of

25 interlayer insulation film 35 after the formation of scanning and

gate lines 11. Therefore, the production yield of liquid crystal

18



With circuit array substrate 2 placed on table 33, let capacitors be Ca defined between poly-silicon
semiconductor layer 21 and table 33, Cb 5 defined between poly-silicon semiconductor layer 21 and
scanning and gate line 11, Cc defined between dummy poly-silicon semiconductor layer 25 and table
33 and Cd defined between dummy poly-silicon semiconductor layer 25 and scanning and gate line
11. In addition, the area of dummy poly-silicon semiconductor layer 25 and the same overlapped with
scanning and gate 10 lines 11 are determined to satisfy the inequality: Ca/(Ca + Cb) < Cc/(Cc + Cd).

As a result, a \alipus,aplind o wiRTeRE 93l insuiion I A1 petween dummy polyssiicon
semiconductor Ia;?er 25 and scanning and gate 15 line 11g"|s Iarger%an %‘na{{ts 661%1&8%76}/% portion of
interlayer insulation film 31 between poly-silicon semiconductor layer 21 of thin-film transistor 8 and

scanning and gate ling/ld, fibug;E L tig charges for electrgstatic breakdowns gre
accumulated at interlayer inéulatlio%{%]ﬁggﬁg %&%ge ect%fsﬁ%%g:% a{:%‘ié% v%gl’ lia‘é%a%@r?ﬂ %’ffg’l?c?éﬁh the
portion of interfgfened ihetresiom filol B fibietme evexienmyatiye sligwt semicondlugidléags, 26pnd
scanning gnd ling 11 to break down the portion o 1|nterl er insulation film 31 betwegn dummy
poly-silicon se?ﬁ%%%lr‘% u]gteor“fgflgr% B lsctc:’éln%?r%mg dﬁgrﬁ%eyﬂs% BRfSCHRR AR Rt ayer
insulation film Bhdadyeddn dpfiyesllibotwarmidantuojop sty aiRdonf seiniton Fansistei B A% and

table 33 and Cd defined between dummy poly-silicon semiconductor layer 25

and scanning and gate line 11. In addition, the area of dummy poly-silicon

semiconductor layer 25 and the same overlapped with scanning and gate

10  lines 11 are determined to satisfy the inequality: Ca/(Ca + Cb) < Cc/(Cc +
Cd).

As a result, a voltage applied to a portion of gate insulation film 31

between dummy poly-silicon semiconductor layer 25 and scanning and gate

15  line 11 is larger than that supplied to a portion of interlayer insulation film
31 between poly-silicon semiconductor layer 21 of thin-film transistor 8 and
scanning and gate line 11. Thus, even if electrostatic charges for
electrostatic breakdowns are accumulated at interlayer insulation film 31,

the electrostatic charges will be discharged through the portion of interlayer

20  insulation film 31 between dummy poly-silicon semiconductor layer 25 and
scanning and gate line 11 to break down the portion of interlayer insulation

film 31 between dummy poly-silicon semiconductor layer 25 and scanning

and gate line 11

19



scanning and gate line 11. As a result, poly-silicon semiconductor layers 21 o_f thin-film t_r_ansistors 8
necessary for liquid crystal 5 display device 1 are protected at an extremely hlgh_probablllty. Further,
poly-silicon semiconductor layers 21 of thin-film transistors 8 and dummy poly-silicon sgmlcpnductor
layers 25 are formed in the same process and made of the same materlals_. Thus, 10 since it does not
increase the number of manufacturing processes, dummy poly-silicon semiconductor layers 25 can be
manufactured efficiently at a low cost. At the same time, the g_roductivity of circuit array substrate 2

with dummy’ P5IveilickhdemidsHaublor RyFRYS Baribe f&htidﬁ%hcr%ﬁasé@i%%gdi;ionallg,
-silicqr [ d,with vi [ lines 13 to orme
dummy pol §1@°@ﬁ§%ﬂ'°§@$ﬁ8&§§i’§§rzﬁ LG ?Yecr% t\ﬁlm-\fquex? aganr?sﬁﬁ;ogol _dfbn

thereafter. As a result, a part of pix ectrodes 6 1s not covered with G

semiconduciodtayiars 2t d hus.edlramy poly-silicer A0 seminondUGIYayeEs: 25:Aeh affect optical

efficiency of pixel electrodes 6. In other words, the provision of dummy poly-silicon se_micpnductor
layers 25 isl8iffgie iA Stricttiébdildoesmots teteriorStenapenturer ratios ofipixads brefstiaduit array

ENT 20 Dummy poly-silicon semiconductor layers 25 in the first
SUbStracIe Zdlzs?)lsa%rc el}lzgzel:zliﬂ%?glpl\gctected at an%gtr)gmely high probability.

Further, poly-silicon semiconductor layers 21 of thin-film
transistors 8 and dummy poly-silicon semiconductor layers 25 are
formed in the same process and made of the same materials. Thué,

10 since it does not increase the number of manufacturing processes,
dummy poly-silicon Semiconductdr layers 25 can be manufactured
efficiently at a low cost. At the same time, the productivity of
circuit array substrate 2 with dummy poly-silicon semiconductor
layers 25 can be substantially increased.

15

Additionally, dummy poly-silicon semiconductor layers 25
are covered with video signal lines 13 to be formed thereafter. As a
result, a part of pixel electrodes 6 is not covered with dummy
poly-silicon semiconductor layers 25. Thus, dummy poly-silicon

20 semiconductor layers 25 do not affect optical efficiency of pixel

- electrodes 6. In other words, the provision of dummy poly-silicon
semiconductor layers 25 is simple in structure but does not

deteriorate aperture ratios of pixels 5 of circuit array substrate 2.

25 SECOND EMBODIMENT

20



embodiment are covered with video signal lines 13 but, as shown. in. the second embodiment of the
present invention in Fig. 5, some dummy poly-silicon semiconductor layers 25 can be_provided to5
extend from video signal lines 13. It results in increase in area of those dummy poly-silicon
semiconductor layers 25 so that capacitors defined between dummy poly-silicon sem!conductor_ _
layers 25 and table 33 can be bigger. Thus, it substantially reduces point defects at pixels 5_of circuit
array substrate 2 possjbly caused 10 by electrostatic charges in the process after the formation of

scanning and gate lines WP B 1R HS HisatcisHyRIa Srrsar laxrtal dRpiaytdevifie stwith circuit
aray subSia15,2 630 B, [MRTRYEG 45 DU ROl ssmiccnector ayers 25 are o
. ; . :

Wn.1
necessarily the same in shape among pixels 5 for red, green an € colors of circuit grray substrate

2. As shownlie Fsigesn il cain bosl Dpimized bhexierlioa duRybHRabSHicon;semjcandygtor layers 25
for blue color pixels only from video signal lines 13. 20 The present invention is not limited to the

embodimerﬁ%“@lé@éribééb’aﬁﬂ\i/@@Irh%emésenﬁinv@mdaisseapplﬂfatﬂmnobenngtmvadmmmocrystal display
device as d§§%ilkl)§dfso far byt also otge?r flat panel display devices, such as an organic

electro-luminescence 25 cﬁégl%@ R iHWich S ildui® ﬁ%%ll‘lﬁyﬁ?"%%ﬁfaéédaﬁy" arpf

those dummy poly-silicon semiconductor layers 25 so that
capacitors defined between dummy poly-silicon semiconductor
layers 25 and table 33 can be bigger. Thus, it substantially reduces
point defects at pixels 5 of circuit array substrate 2 possibly caused
10 by electrostatic charges in the process after the formation of
scanning and gate lines 11 so that the production yield of liquid

crystal display device 1 with circuit array substrate 2 can be

improved.

15 Dummy poly-silicon‘ semiconductor layers 25 are not
necessarily the same in shape among pixéls 5 for red, green and
blue colors of circuit array substrate 2. As shown in Fig. 5, it can
be optimized by extending dummy poly-silicon semiconductor
layers 25 for blue color pixels only from video signal lines 13.

20

The present invention is not limited to thé embodiments
described above. The present invention is applicable not only to a
liquid crystal display device as described so far but also other flat
panel display devices, such as an organic electro-luminescence

25 display device in which a liquid crystal layer is replaced by an

electro-luminescence material layer.

21



electro-luminescence material layer. 21 Further, Y-axis and X-axis driver circuits 14 and 15 and driver
circuit 16 can be manufactured separately from circuit array substrate 2 but assembled with circuit
array substrate 2 afterward. Although the invention has been described in its applied form with a
certain degree of particularity, it is understood that the present disclosure of the preferred form can be
changed in the details of construction and the combination and arrangement of 10 components may
be resorted to without departing from the spirit and the scope of the invention as hereinafter claimed.
Some components of the embodiments may be eliminated or various components from different

embodiments may alsp he,AMDIRG15,2% LLOXD VYISE Wht s daimed s 1A glcuit aray
substrate, comprising: an optlcally transparent substrate; § a tﬁln}fﬂm transistor formed on said

transparentdsubsirate baMings afisshsamicontisiar iy a6 pugaie igspiation filbuand A-ggte line; and a
second semiconductor layer formed on said transparent substrate,
substrate 2 but assembled with circuit array substrate 2 afterward.

Although the invention has been described in its applied
form with a certain degree of particularity, it is understood that the
present disclosure of the preferred form can be changed in the
details of construction and the combination and arrangement of

10 components may be resorted to without departing from the spirit
and the scope of the invention as hereinafter claimed. Some
components of the embodiments may be eliminated or various

components from different embodiments may also be combined.

15
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wherein said gate line is overlapped with said first and second 10 semiconductor layers through said
gate insulation film and capacitors are Ca defined between said first semicondgctpr layer and a
reference potential through said transparent substrate, Cb defined between Sald.fII‘St semmonc{uctor
layer and said gate line through said gate insulation film, Cc defined between said sé&&nd WISE
semiconductor layer and said reference 15 potential through said transparent substrate and C_d
defined between said second semiconductor layer and said gate line, and said capacitors satisfy an
inequality: Ca/(Ca + Cb) < Cc/(Cc + Cd). 2. Aftahpadel digplaysevice having a ci.rcuit array substrate
20 according to Claim 1, further comprising an optical modulator formed on a main plane of said
circuit array substrate. 23

1. Acircuit array substrate, comprising:
an optically transparent substrate;
5 a thin-film transistor formed on said transparent substrate having
a first semiconductor layer, a gate insulation film and a gate line; and
a second semiconductor layer formed on said transparent
substrate,
wherein said gate line is overlapped with said first and second
10  semiconductor layers through said gate insulation film and capacitors are
Ca defined between said first semiconductor layer and a reference potential
through said transparent substrate, Cb defined between said first
semiconductor layer and said gate line through said gate insulation film, Cc
defined between said second semiconductor layer and said reference
15  potential through said transparent substrate and Cd defined between said
second semiconductor layer and said gate line, and said capacitors satisfy

an inequality: Ca/(Ca + Cb) < Cc/(Ce + Cd).

2. A flat panel display device having a circuit array substrate
20  according to Claim 1, further comprising an optical modulator formed on a

main plane of said circuit array substrate.

23



