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THEREFOR  Technical Field The present invention relates to ﬁlyg

cr%tal di spl ay device, and nore particularly to a technol ogy about the
structure of a black matrix formnmed adj“a(,leth to an active matrix substrate.
Background Art In a liquid crystal display device which is a typical

flat- panel-type display, liquid crystal 540 is, as shown in Figs. 28 and
29, encl osegpinyaaygh transparent substrate, in which data |ines (source
i nes) 502a, 502b... for supplying an image signal and gate |lines 503a,
503b... for transmtting a scanning signal are disposed to forma lattice
and each of piX&IQUIP @RYSHALL DISEIANHIDEVICE AND MANUFACTORINGTMETHODd
anot her transparent substrate 530 (an ' R substrate) on whi'ch a common
el ectrode 533 is forned. By controlling a

Technical Field

The present invention relates to a ligquid crystal display
device, and more particularly to a technology about the
structure of a black matrix formed adjacent to an active
matrix substrate.

Background Art

In a liquid crystal display device which is a typical flat-
panel-type display, liquid crystal 540 is, as shown in Figs.
28 and 29, enclosed between a transparent substrate, in which
data lines (source lines) 502a, 502b°*** for supplying an
image signal and gate lines 503a, 503b... for transmitting a
scanning signal are disposed to form a lattice and each of
pixel‘ regions 50laa, 50lab...is sectioned and formed, and
another transparent substrate 530 (an opposite substrate) on
which a common electrode 533 is formed. By controliing a
voltage to be applied to a position between a common
electrode 533 and a pixel electrode 506 of each of the pixel
regions 50laa, 50lab... via a thin-film transistor (TFT) 508,
the state of orientation of the liquid crystal in each of the
pixel regions S0laa, S50lab... is changed. A liquid crystal
device of the foregoing type encounters a problem in that
light leakage (designated by an arrow A) through a gap
between, for example, the data 1line 502a and the pixel
electrode 506 deteriorates the quality of display. Another
problem arises in that a reverse tilt domain region, in which
the state of orientation of the liquid crystal disorders due
to an influence of an electric field between the data 1line



voltage to be applied to a position between a comon el ectrode 533 and a

pi xgl el ectrode 506 of each of the pixel regions 50laa, 50lab... via a
thih-filmtransistor (TFT) 508, the state of orientation of the |iquid
crystal in each of the pixel regions 50laa, 501lab... is changed. Aliquid

crystal device of the foregoing type engounters a problemin that |ight
| eakage (designated by an arrow A) through a gap between, for exanple, the
data |ine 502a and t he pixel electrode 506 deteriorates the quality of
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to prevent EHBlA&YeSH @%Ylbﬁar“aa@ﬁ?é{‘?%n If a positiona deviation
takes place between the boundary region between the pixel

regions and the black matrix 531, the quality of display
deteriorates. Therefore, the black matrix 531 is given a
marginal width to prevent the foregoing positional deviation.

However, where the liquid crystal display device has been
required to have a larger frame size and to display an image
of an improved quality, the conventional arrangement that the
width of the black matrix is widened to have the margin
lowers the aperture ratio (the area ratio of a region capable
of displaying an image) and causes a problem that the
improvement in the display quality is hindered. Accordingly,
the inventor of the present invention suggests an arrangement
that the black matrix is formed on the transparent substrate
having the matrix array formed thereon to prevent the
positional deviation between the boundary region between the
pixel regions and the black matrix and to set the width of
the black matrix to a minimum width. The inventor of the
present invention has first disclosed a 1liquid crystal
display device described as a comparative example shown in
Figs. 30 and 31. Referring to these drawings, data lines
502a, 502b... and gate lines 503a, 503b... are disposed to
form a lattice on the surface of a transparent substrate 509
so that each of pixel regions 50laa, 50lab... is sectioned
and formed. Along the boundary region of each of the pixel
regions 50laa, 50lab... a black matrix 517 is formed. The
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However, where the liquid crystal display device has been required to have
a larger frane size and to display an image of an inproved quality, the
cofiventional arrangenent that the w dthsof the black matrix is widened to
have the margin lowers the aperture ratio (the area ratio of a region
capabl e of displaying an image) and causes a problemthat the inprovenent
in the display quality is hindered. Accordingly, the inventor of the :
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necessity of providing unnecessary margin for the width of
the black matrix 517. Therefore, the aperture ratio of the
liguid crystal device is not sacrificed. However, the liquid
crystal display device encounters another problem as follows.
Since no potential is applied to the black matrix 517 and
accordingly it is in a floating state, the potential of the
black matrix is changed depending upon an operational state
of the 1liquid crystal display. The potential change
disorders the state of orientation of the liquid crystal
present between the pixel electrode 506 and the common
electrode of the other transparent substrate. As a result,
the quality of display deteriorates. Since the black matrix
517 is commonly used for each of the pixel regions 50laa,
5i0ab..., a short circuit taking place between the black
matrix 517 and any one of the pixel electrode 506, the data
line 502a, 502b, the gate line 503a or 503b in the pixel
region 501b will cause a total display defect of the liquid
crystal display device.

Disclosure of the Invention

Accordingly, the present invention is arranged to optimize
the structure of a black matrix formed on the same substrate



a pixel electrode 506 is electrically connected. The black matrix 517 is
I nsul at ed and separated fromeach of the data |ine 502a, the gate 503a and
t he® pi xel electrode 506. In the liquid crystal display device constituted
as descri bed above, each pixel region and the black matrix 517 can be
aligned to each other at an excellent acguracy while elimnating the
necessity of providing unnecessary margin for the wdth of the black matrix
517. Therefore, the aperture ratio of the liquid crystal device is not
sacrificed. However, .the |iquid cryst di spl ay devi.ge encounters anpot her
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the same subs
sectioning with data lines and gate lines, wherein the first
pixel region includes a thin film transistor having a source
electrically connected to the data line and a gate electrode

electrically connected to the gate line, a pixel electrode to

which a potentiai can be applied via a drain of the thin film
transistor, and a conductive and light shielding layer formed
in a boundary region between the first pixel region and the
adjoining second pixel region to constitute a black matrix,
insulated and separated from the data line, the gate line and
pixel electrodes of the second pixel regions, and
electrically connected to the pixel electrode of the first
pixel region.

It is preferable that the conductive and 1light shielding
layer has an outer end positioned on a boundary region
between the first pixel region and the second pixel regions.

A structure may be employed in which the first pixel region
has the conductive and light shielding layer in any boundary
region to the second pixel region, and the first pixel region
is sectioned from the second pixel regions by the conductive
and light shielding layer. Another structure may be employed
in which the first pixel region has the conductive 1light
shielding layers in two boundary regions among the boundary
regions from the second pixel regions, and is sectioned from
the second pixel regions by the conductive and 1light
shielding 1layers and the conductive and 1light shielding



-4- for a matrix array so as to realize a liquid crystal display device
capabl e of raising the aperture ratio while preventing a fact that the
display quality and the reliability are sacrificed, by adapting the
following neans to the liquid crystal display device. That is, the liquid
crystal display device according to thespresent invention Is basically
characterized by an arrangenent conprising a first pixel region anong

pi xel regions formed on the surface of a transparent substrate by
sectioning wth data lines and gate lineg, wherein the first pixel region
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t he data |inegdofisaagjheenitetbr tle seeohdi pakeéy regbensed to the gate line,
a pixel electrode to which a potential can be applied via a drain of the
thin filmtransistor, and a conductive and |ight shielding layer fornmed in
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As for the structures of the pixel electrode and the
conductive and 1light shielding layer, a structure may be
employed in which either <the pixel electrode or the
conductive and 1light shielding 1layer is electrically
connected to the drain wvia a connection hole of the
interlayer insulating film, and the ©residual one is
electrically connected to either the pixel electrode or the
conductive and light shielding layer. Another structure may
be employed in which the pixel electrode and the conductive
and light shielding layer are formed wvia an upper-layer-side
interlayer insulating film formed on the surface of a lower-
layer-side interlayer insulating film which is the interilayer.
insulating film, and are electrically connected to each other
via the connection hole of the upper-layer-side interlayer
insulating film.

Another structure may be employed in. which either the pixel
electrode or the conductive and 1light shielding layer is
formed on the surface of the residual one and they are
electrically connected. In this case, it is preferable that
the outer ends of the pixel electrode and the conductive and
light shielding layer substantially coincide with each other.
In order to achieve this, a method of manufacturing the
liguid crystal display device has an arrangement that a step
of patterning a lower one of the pixel electrode and the
conductive and light shielding layer is performed in a manner
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region to the second pixel region, and the first pixel region is sectioned
fromthe second pixel regions by the conductive and |ight shielding | ayer.
Andt her structure may be enployed in which the first pixel region has the
conductive light shielding |layers in two boundary regi ons anong the
boundary regions fromthe second pi xel Begi ons, and is sectioned fromthe
second pi xel regions by the conductive and |ight shielding |layers and
the conductive and 1light shielding -5-
| ayers that are present adjacent to two ot her boundar i ons _adj acent ,to
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film covered with at |east either the conductive and |ight shielding |ayer
in the correspondi ng pixel region or the conductive and |ight shielding
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insulating f£film, and the residual one is electrically
connected to either the pixel electrode or the conductive and
light shielding layer. In this case, it is preferable that
the stacked electrode layer also has light transmissivity,
for example, the stacked electrode layer is made of an ITO
layer.

If the structure having the stacked electrode layer is
employed, it is preferable that the outer end of the pixel
electrode is extended to reach a position above the data line
in terms of keeping a wide formation region.

As for the structure of the stacked electrode layer, it is
preferable that the stacked electrode layer is formed to
extend to a non-formation region in which the thin film
transistor is not formed, and the pixel electrocde and the
stacked electrode layer are electrically connected to each
other in the non-formation region, that is, on a flat region
to which projections and pits of the thin film transistor are
not reflected.

It is preferable that the present invention comprises the
data line which includes a first data 1line electrically
connected to the source of the thin film transistor via a
first connection hole of the interlayer insulating film and a
second data line electrically connected to the surface of the
first data line to constitute a multi-wiring structure, and
the stacked electrode layer includes a first stacked
electrode layer electrically connected to the drain of the



conductive and light shielding |ayer. Another structure may be enployed in
which the pixel electrode and the conductive and |ight shielding |layer are
foried via an upper-layer-side interlayer insulating filmformed on the
surface of a lower- |ayer-side interlayer insulating filmwhich is the
interlayer. insulating film and are etextfically connected to each other
via the connection hole of the upper-layer-side interlayer insulating film
Anot her structure may be enployed in which either the pixel electrode or
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connected t ot gld(:jrggygvﬂ‘\ai%a g&‘%k secon ackéd electrode aye are
made of a same material.

It is preferable that a drive circuit formed on the same
substrate, on which an active matrix having the first and
second pixel regions is formed, has a multi-layer wiring
structure in which wiring layers are electrically connected
to the interlayer innsulating film formed adjacent to the
active matrix via an interlayer insulating film present in
the same layer in which the interlayer insulating film is
formed adjacent to the active matrix.

It is preferable that the gate electrode and the gate line
according to the present invention have intrinsic
polycrystalline silicon layers or polycrystalline silicon
layers containing phosphorus by 1 x 102°/ cn?® or less and
silicide layer made of high melting point metal formed on the
surface of the polycrystalline silicon layer and constituting
the multi-wiring structure. In this case, a method of
manufacturing the liquid crystal display device comprises: a
step of forming a first polycrystalline silicon film to serve
as a source and drain region and a channel region on the
surface of a transparent substrate; a step of forming a gate
electrode insulating film on the surface of the
polycrystalline silicon film; a step of depositing a second
polycrystalline silicon film below the gate electrode and the
gate line; a step of dispersing phosphorus in the second
polycrystalline silicon film at a temperature of 850°C or
lower; a step of depositing a silicide layer of high melting
point metal above the gate electrode and the gate line; and a
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el ectrode having conductivity and electrically connected to the drain via
the connection hole of the interlayer insulating film and the residual one
is ®lectrically connected to either the pixel electrode or the conductive

and light shielding layer. 1In this case, it is preferable that the stacked
el ectrode | ayer also has light transmssgvwity, for exanple,, the stacked
el ectrode layer is made of an I TO | ayer. I f the structure having the
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Brief Description of Drawings

Fig. 1 is a plan view which illustrates a portion of a matrix
- array of a liquid crystal display device according to
Embodiment 1 of the present invention;

Fig. 2 is a cross sectional view taken along line I-I of Fig.
i;

Fig. 3 is a plan view which illustrates a portion of a matrix
array of a liquid crystal display device according to
Embodiment 2 of the present invention;

Fig. 4 is a cross sectional view taken along line II-II of
Fig. 3;

Fig. 5 is a plan view which illustrates a portion of a matrix
array of a liquid crystal display device according to
Embodiment 3 of the present invention;

Fig. 6 is a cross sectional view taken along line III-III of
Fig. 5;



-7- thin filmtransistor via a second connection hole of the interlayer
insulating filmand a second stacked el ectrode | ayer electrically connected
to*the surface of the first stacked electrode layer. |In this case, it is
preferable in ternms of formation can be made by nutually using the
processes that the first data line andd 9ahe first stacked el ectrode | ayer
are made of a sane material, and al so the second data Iine and the second
stacked el ectrode | ayer are made of a sane mat eri al . is preferable

that a driv CII‘ UII fornge onthes trte at|
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the interlayer insuin{emeioRimis forned adjacent to the active ITB.tI’IX
It is preferable that the gate electrode and the gate line according to
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the multi-wiring 'Stru Si case dd of manufacturing

the liquid crystal display deV| ce conprises: a step of formng a first
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channel regioh on t e sur ce of a transparent substrate;” a step of formng
a gate Fig. 8:

Figs. 10 (a) to (c) respectively are cross sectional views
each of which illustrates a portion of a process of a
method of manﬁfacturing the 1ligquid crystal display
device shown in Fig. 8;

Fig. 11 is a plan view which illustrates a portion of a
matrix array of a 1liquid crystal display device
according to Embodiment 5 of the present invention;

Fig. 12 is a cross sectional view taken along line V-V of
Fig. 11;

Figs. 13 (a) to (d) respectively are cross sectional views
each of which illustrates a portion of a process of a
method of manufacturing the 1liquid crystal display .
device shown in Fig. 11;

Fig. 14 is a plan view which illustrates a portion of a
matrix array of a 1liquid crystal display device
according to Embodiment 6 of the present invention;

Fig. 15 is a cross sectional view taken along line VI-VI of
Fig. 14;



electrode insulating film on the surface of t he polycrystalline
silicon film a step of depositing a second polycrystalline silicon film
below the gate el ectrode and the gate line; a step of dispersing phosphorus
in the second polycrystalline silicon filmat a tenperature of 850[err]C or
| ower; a step of depositing a silicide llmyer of high nelting point netal
above the gate electrode and the gate line; and a step of

si mul t aneously patterning the second polycrystalline silicon filmand the

silicide lay of e .high ting.point tal, .to formthe_gate el ectrode
and the gat eﬂ?he.ié} Iln@ tﬁenpg‘{‘%%e%t"%f"nv%ﬁbn,l 5H$&F8§Fst o?cdftiWeoF 2
hol di ng capacitance, matrix parfayabdf téatliquidastrestakr dbsppaxel device

electrode or the conguebiiengnflo! kghbablbft 44 “Qf'gggp{%e@gf%ﬁ%sggg?l e

adj acent to the forward gate”lineat a position abov

to constitute an overlapping portion. Brief Description of Draw ngs
Fig. 1is a pigh YhewsMdl Ciddd Wdtdldimid WU 11ked AJHY 12he VII-VII of
Fig. 16;

Fig. 18 is a plan view which illustrates a portion of a
matrix array of a 1liquid crystal display device
according to Embodiment 8 of the present invention;

Fig. 19 is a cross sectional view taken along line VIII-VIII
of Fig. 18;

Fig. 20 is a plan view which illustrates a portion of a
matrix array of a 1liquid crystal display device
according to Embodiment 9 of the present invention;

Fig. 21 is a cross sectional view taken along line IX-IX of
Fig. 20;

Fig. 22 is a plan view which illustrates a portion of a
matrix array of a ligquid crystal display device
according to Embodiment 10 of the present invention;

Fig. 23 is a cross sectional view taken along line X-X of
Fig. 22;

Fig. 24 is a plan view which illustrates a portion of a
matrix array of a 1liquid crystal display device
according to Embodiment 11 of the present invention;

Fig. 25 is a cross sectional view taken along line XI-XI of
Fig. 24;

Fig. 26 is a cross sectional view which illustrates a portion
of the structure of a drive circuit formed on the



array of a liquid crystal display device according to Enbodi ment 1

of the present invention; Fig. 2 is a cross sectional view taken al ong
line I-1 of Fig. 1; Fig. 3is a plan view which illustrates a
portion of a matrix array of a liquid crystal display device
according to Enbodi ment 2 of thelpresent invention; Fig. 4is a
cross sectional view taken along line II1-11 of Fig. 3; Fig. 5is a
plan view which illustrates a portion of a matrix array of aliquid
crystal display devi according. to Enbodi jent 3 of the present .
invention; Fig. 6s|%§'ea %ﬁ%gé’fgﬁ%t it¥al TP aFEAY | Phe the - Lrayid
Fig. 5; crystal display devie®- accbrding it® Emmhbdnt phaof

view which illustratgs $r3RHX 1 sarray of a liquid crystal display
devi ce according to ® a mé,"?’?@gﬁ’gﬁ of Enbodi mrent 3 of the present

I nventi on;
Fig. 27 is a cross sectional view which illustrates a portion

of the structure of a drive circuit formed on the
same substrate for the matrix array of the 1liquid
crystal display device according to Embodiment 11 of
the present invention;

Fig. 28 is a plan view which illustrates a portion of a
matrix array of a conventional liquid crystal display
device;

Fig. 29 is a cross sectional view taken along line XII-XII of
Fig. 28;

Fig. 30 is a plan view which illustrates a portion of a
matrix array of a liquid crystal display device
according to a comparative example of the present
invention; and

Fig. 31 is a cross sectional view taken along line XIII-XIIT
of Fig. 30.

Best Mode for Carrying Out the Invention

Embodiment 1

Fig. 1 is a plan view which illustrates a portion of a matrix
array of a liquid crystal display device according to
Embodiment 1 of the present invention. Fig. 2 is a cross
sectional view taken along line I-I of Fig. 1.



Fig. 8 is a plan view which illustrates a portion of a matrix array

of aliquid crystal display device according to Enbodi ment 4 of the
present invention; Fig. 9 is a cross sectional view taken along line

| V-1V of Fig. 8; Figs. 10 (a) to (c) respectively are cross
sectional views each of which +lizmstrates a portion of a process of
a nmet hod of manufacturing the liquid crystal display devi ce
shown in Fig. 8; Fig. 11 is a plan view which illustrates a portion of a

matri x array of liquid crystal display device according to .
Enbodi ment &7 % g‘r’&‘b’rﬂyiwe‘%ﬁlonfhsnﬂiag{ fieviige, aLEO¥Adngti &%al Whidw
t aken al ong emboaiventyf verticaki @atbl;lin&gaozals (mzﬁp.(cai‘jxﬁ{:peqtﬂx#é@)y
are cross s ' . Vi ch o ich.Lllustrates .a portfion of a
process of g?;td %&1#@’?%%%1 glatﬁarﬁf%ae% ui?%h'tEBE#’rqui(Ec iﬁ"éﬁ?by are
devi ce showdisposief to, fommg.a 14attixepl an Furxtheimate ) | lemth atos pixel
ortion of L X of Lqui st | spl ay, . devi .

gccordi ng tgegrﬁ?g(ﬁ ngﬁ%éa'o?ﬂ{ e 'pr%gje:lril%" i.nflbelal{a%l'on?blghfgf | ss%%é:rl(%lsed
sectional vied# for@med hatyesmalpregaig lines. Fjg. 14;

Then, the structure of the pixel region will now be described
while taking the pixel region 101bb (a first pixel region)
for example. Pixel regions 10lab, 10lba, 10lcd and 10lbc
- (second pixel regions) are positioned adjacent to the pixel
region 101bb. In the pixel region 101bb, a TFT 108 is
constituted which is constituted by a source 104, to which a
data line 102a is electrically connected, a gate electrode
105, to which a gate line 103b is electrically connected, and
a drain 107 to which a pixel electrode 106 is electrically
connected. The pixel electrode 106 is a transparent
electrode made of ITO and is formed on substantially overall
surface of the pixel region 101bb.

As for the cross sectional structure of the TFT 108, a
polycrystalline silicon layer 110 is formed on the surface of
a transparent substrate 109 for supporting the overall body
of the liquid crystal display device. The polycrystalline
silicon layer 110 to which phosphorus is doped as n-type
impurity except for a channel region 111 which is a intrinsic
polycrystalline silicon region. As a result, the source 104
and the drain 107 are formed. The phosphorus is doped by ion
injection performed while using the gate electrode 105 on a.
gate electrode oxidized film 112 as a mask in such a manner
that the source 104 and the drain 107 are self-aligned. On
the surface of the TFT 108, a lower-layer-side interlayer
insulating film 113 made of a silicon oxide film is formed,
the lower-layer-side interlayer insulating film 113 having a
first connection hole 113a and a second connection hole 113b
formed therein. The data line 102a made of a low-resistance

metal layer such as an aluminum layer or an alloy layer



- 10 - Fig. 16 is a plan view which illustrates a portion of a

matrix array of a liquid crystal display device according to

Enbodi nent 7 of the present invention; Fig. 17 is a cross sectional view
t aken along line VII-VII of FTg%3IB; Fig. 18 is a plan view which
il lustrates a portion of a matrix array of a liquid crystal display
devi ce according to Enbodi nent 8 of the present invention; Fig. 19
is a cross &%ﬁx}th(iﬂﬁlnqll smﬁ.ﬁ;lﬁﬁlfﬂl ab?raiédﬁﬁééu{ Vt::qéﬂ(ljnected t@f ﬁnka% |S>J?%§rcreay
Fi 20 is an vi jch illus ra es a portfio

of ga li qui d%é’gyé'r‘a"l "3}%\3? teRpmection h Harg ( Bt orkRer bavd,t ke

present invediedn;eleétgodel 1i0s aisr @S.&ct%fiban?l coriedtaental aie | gp@in
I X-1X of 107 1%9tﬂ% 'second connection hole 113b.

Furthermore, the liquid crystal display device according to
this embodiment has an upper-layer-side interlayer insulating
film 115 formed on the surface of the transparent substrate
109 thereof, and a chrome layer 116bb (a conductive 1light
shielding layer) having light shielding characteristics and
conductivity formed on the surface of the upper-layer-side
interlayer insulating film 115. In the pixel region 101bb,
the chrome layer 11i6bb is electrically connected to the pixel
electrode 106 via the connection hole 115a of the upper-
layer-side interlaye; insulating film 115 at a diagonal
. position to the region in which the TFT 108 is formed, that
is, at an end portion in which the pixel region 101bb and the
pixel regions 10lab, 10lac and 101bc are in contact with one
another. The chrome region 116bb is so formed that its outer
end 116x is positioned above a boundary region between the
pixel region 101bb and the pixel regions 10lab, 101ba, 10lcb
and 10l1bc, that is, above the data lines 102a and 102b and
the gate lines 103a and 103b. Furthermore, the data 1lines
102a and 102b and the gate lines 103a and 103b are insulated
and separated from each other via the inter-layer insulating
films 113 and 115. In addition, conductive light shielding
layers such as the chrome layer 116bb are similarly formed in
each of the pixel regions in such a manner that the
conductive light shielding layer is insulated and separated
from chrome layers in an adjacent pixel regions. For
example, the outer end 116x of the chrome layer 116bb and the
' outer ends 116x of the chrome layer 116ab, 116ba, 116cb and
l16bc are insulated and separated from each other above the
data lines 102a, 102b, the gate 1lines 103a and 103b.
Therefore, all of the chrome layers, for example, the chrome
layer 116bb is insulated and separated from each pixel
electrode of the pixel regions 10lab, 10lba, 10icb and 10lcc.



Fig. 22 is a plan view which illustrates a portion of a matrix array
of a liquid crystal display device according to Enbodi nent 10 of the
présent invention; Fig. 23 is a cross_sectional view taken along line X-X
of Fig. 22; Fig. 24 is a plan ¥#ew which illustrates a portion of
a matrix array of a liquid crystal display device accordi ng
to Enbodi nent 11 of the present invention; Fig. 25 is a cross sectional

view taken along teBO1X|- ¥ gdtential &AW bé4applked. téP tife achE8me layer
sectional vi e%%‘)l ILItEJstratef algo;_tlgn 106 di of t e.stgk{cture of .a 1
drive circuiltt BntifePixel electrode L3PLSSULLPr SPE £6MG RXE
matri X arrayeefidreldispi d However, cthat pbtdntpahycamrnot ebacsuppilied Erom
Enbodi ment 11 of. ? regent_ i I QR FLg, s i's S
secti onal vijaev\/B\f?\'/ﬁ‘leclh F}Fﬁg r&ai?esﬁg rﬁglrét%?r? ngel %%Jfﬁ strgc ure%g}orae'
drive circuisukdshiantiakly hdhe entire surface of the data line 102a is
covered with the inter-layer insulating film 115 and the end
portions of the chrome layers 116bb and 1ll16ba so that the
potential applied to the data line 102a does not affect the
liquid crystal positioned on the surface of the data 1line
102a. In addition, the chrome layer 116bb is formed adjacent
to the precedent gate line 103a to have a wide overlapping
area. The chrome layer 116bb is electrically connected to
the pixel electrode 106. As a result, the chrome layer 116bb

is in a state where it constitutes a capacitance.

This embodiment has an arrangement that the liquid crystal
display device is constituted by enclosing the liquid crystal
between the transparent substrate 109, on which the black
matrix 116 1is formed, and the other side transparent
substrate (omitted from illustration) on which a color filter
and a common electrode are formed. In response to a signal
transmitted through the data 1lines 102a, 102b..., the gate
lines 103a and 103b..., the voltage generated between the
common electrode and each pixel electrode 106 is controlled.
As a result, the state of orientation of the liquid crystal
in each pixel region is changed to display information.

In a conventional liquid crystal display device, a black
matrix corresponding to the boundary region of the pixel
regions of the transparent substrate 109 is formed on the
transparent substrate having the common electrode. However,
in the 1liquid crystal display device according to this
embodiment, the fact that, for example, the chrome layer
116bb is formed in the boundary region between the pixel
region 101bb and the surrounding pixel regions is utilized to
use each of the chrome layers 1l1l6bb, 1l16ab, 116ba, 11l6cb,
116bc... as a black matrix. Therefore, the necessity



same substrate for the matrix array of the liquid crystal display

devi ce according to Enbodi nent 11 of the present invention; Fig.
28°is a plan view which illustrates a portion of a matri x array of
a conventional liquid crystal display devi ce; Fig. 29 is a cross
sectional view taken along line Xl I-Xl1iso0% Fig. 28; Fig. 30 is a
pl an view which illustrates a portion of a matrix array of a |liquid,
crystal display device according to a conparative exanple of the

AT B A I
I nvention whidioditisent cémmohi geldctiode plian ¢oemedfi odan | hest edtiadinated.
Pecor ding PSTRASER okl 123t opiny  pBacH Ybibeen™ ok MouBHle® region
sectional \bedweerkebhal pigelli megionsofamd gthe. black matrix 116 required
" for the conventional technolocjy does not cause a problen.
Hence, the width of the black matrix 116 can be minimized to
correspond to the width of the boundary region between the
pixel regions, that is, the data lines 102a, 102b... and the
gate llines 103a, 103b. Therefore, the aperture ratio of the
liquid crystal display device can be improved.

The chrome layer 116bb is insulated and separated from the
pixel electrodes of the data 1lines 102a, 102b, gate 1lines
103a, 103b, in adjacent pixel regions 101ab, 10lba, 10lcb and
101bc. Furthermore, the chrome layer 116bb is electrically
connected to the pixel electrode 106 in the same pixel region
101bb. Therefore, the potential of the chrome layer 116bb is
in a state where the same potential as that of the pixel
electrode 106 is always supplied regardless of the state of
the operation of the liguid crystal display device. As a
result, the potential of the chrome layer 116bb does not
"disorder the state of orientation of the 1liquid crystal
present in the pixel region 101bb between the pixel electrcde
106 and the common electrode. Therefore, excellent display
guality can be obtained. ?urthermore, the black matrix 116
is composed of the chrome layers 116b... which are
electrically independent in each pixel region. If, for
example, the chrome layer 116bb and the data line 102a are in
a short-circuit state in the pixel region 101bb, only the
pixel region 101bb cannot display an image, that is, the
influence of the short circuit causes only a point display
defect. Therefore, the reliability of the 1liquid crystal
display device is satisfactory.

Embodiment 2



- 12 - In the liquid crystal display device according to this enbodi nent,
vertical data lines 102a, 102b...(signal lines) and horizontal gate |ines
103a, 103b.. (scanning lines) are disposed to forma latti ce.

Furthernore, each of pixel regions 10laa, 10lab, |0l ac, 10l1lba, 101bb..

are sectioned and formed between aforesa d |ines. Then, the structure of
the pixel region will now be described while taking the pixel region 101lbb
(a first pixel region) for exanple. Pixel regions 1lab, 101ba 10l1lcd and

101bc (seco d pi regiqns) .are pgsitioned adjacent to re
TSTIHRRE s UM Tl Bl R i b RS Rt g JENE 2
constitutedabyan sofirce 104guid\Mﬁnystalkﬂdisphay:Hﬂhqueeﬂan¢¢r¢3n¢y to
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of 1TO and é?eﬁ@ﬁﬁ&d HaR it Stipdt ga:lnéy £ANRt3lonsS tHJ a0fosd bie tﬂié(eéléﬁ%eg

101bb. he cross “sectj on structure,of the TFT 1

pol ycryst al Pf n¥he 11ipHd Serstadb @ss%wea‘eaﬁceheceerfi&eg dio Mﬁﬂ%ﬁ?ﬁnt
substrate 1f9afr@ gipenrthed sdise oyerarkntedmaieriale |andi ¢heiyst@étdiseday

devi ce. The pol stalline st icon |l ayer 110 to which phosphorus is
doped as n-$§i§rfﬁ%ﬁ¥P§yaE?08B% #8& gefﬁannel region 111 which is a
intrinsic polycrystalline silicon region. As a result, the source 104 and
the drain lgfsgr Q.nf Q&l{’@dlialgdpQ%?Qlﬂgﬁusdistpﬁ%pe&e‘pi’cé. OQccording to this
N embodiment, the TFT 108 is formed on the surface of the
transparent substrate 109 in, for example, the pixel region
101bb (the first pixel region) among the pixel regions 10laa,
l101ab, 10lac, 101ba, 101bb... formed by sectioning performed
by wiring the vertical data lines 102a, 102b, ... and the
horizontal gate lines 103a, 103b,.. to form a lattice. The
‘lower-side interlayer insulating film 113 made of a silicon
oxide film is deposited on the surface of the TFT 108. The
data 1line 102a is electrically connected to the source 104
via the first connection hole 11i3a. Furthermore, the upper-
side interlayer insulating film 115 is formed on their
surfaces. The chrome layer 116bb (the conductive 1light
shielding layer) having light shielding characteristics and
conductivity is electrically connected to the drain 107 via
the connection hole 115a which penetrates the foregoing first
and upper-side interlayer insulating films 113 and 115. The
pixel electrode 106 to be applied with the potential via the
drain is electrically connected to the chrome layer 116bb
formed on the surface of the upper-side interlayer insulating
film 115. Similarly to Embodiment 1, the chrome layer 116bb
is so formed that its outer end 116x is positioned above the
boundary region between the pixel region 101bb and the
adjacent pixel regions 10lab, 10lba,  10lcb and 101lcb (the
second pixel regions), that is, on the regions in which the
data lines 102a, 102b, gate lines 103a and 103b are formed.
The data lines 102a, 102b, the gate lines 103a and 103b are
insulated and separated by the interlayer insulating films



i njection performed while using the gate el ectrode 105 on a gate el ectrode
oxidized film11l2 as a mask in such a manner that the source 104 and the
drain 107 are self-aligned. On the surface of the TFT 108, a
| ower -1 ayer-side interlayer insulating film 113 nmade of a silicon oxide
filmis formed, the |ower-|ayer-side-interl ayer insulating film 113 having
a first connection hole 113a and a second connection hole 113b forned
therein. The data line 102a nade of a | owresistance netal |ayer such as an
al umi num |l ayer or an_alloy layer ) ) -, 13 -
cont ai ni ng Biniahn F%selech%ﬁ%ﬁ#%WWﬂﬁnneﬁ?%d‘¥¥F¥#ﬁ§l§8UrE%gﬁﬁ4-ﬁh%ﬁ%qkﬂg
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F&I &

113b.  FurRH$§ 1PRE A%UHE cFOEPRR dRYBFEy &Fre di B§Cto t
enbodi nent dfas thre upheomeaybaysrsie iisnt énbajated naridit sepairakbedl 15rémr nee on

t he surfac e e supsit & e s and | a
116bb (a c%%%’@?y%gﬁggﬁﬁﬁgh?}elﬁdi n§ iayeg:g%é%?nggglggﬁf shi eﬁgléggge' Yetle
char act er i i9kenbial céfdarplied, torthe chrome Jayedcd Mibh heia only the
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outer placed on the surface of the data line 102a.

Also in the 1liquid crystal display device constituted as
described above, the black matrix 116 is, in addition to the
matrix array, formed on the transparent substrate 109 to
correspond to the boundary region between the pixel regions.
Therefore, the width of the black matrix can be set to a
minimum width, resulting in a high aperture ratio of the
liguid crystal display device. Furthermore, the chrome layer
116bb is electrically connected to only the pixel electrode
106 in the same pixel region 101bb, resulting in a state
being realized where the same potential as that of the pixel
electrode 106 is applied to the chrome layer 116bb,
regardless of the state of the operation of the 1liquid
crystal display device. Therefore, the potential of the
chrome layer 116bb does not disorder the state of the
orientation of the liquid crystal present between the pixel
electrode 106 and the common electrode. Since all of the
chrome layers respectively are independent in the
corresponding pixel regions, even if the chrome layer and a
data line or the like are short-circuited in one pixel region
101bb, the influence of this causes only a point defect to
occur in display. Therefore, the excellent reliability of
the liquid crystal display device can be maintained.

Embodiment 3



end 116x is positioned above a boundary regi on between the pixel region
101bb and the pixel regions 110ab, 101ba, 101cb and 10lbc, that is, above
the data lines 102a and 102b and the gate lines 103a and 103b.

Furthernore, the data |ines 102a and 102b and the gate |ines 103a and 103b
are insul ated and separated from eaclr dher via the inter-layer insulating
films 113 and 115. In addition, conductive |ight shielding |ayers such as
the chrone |ayer 116bb are simlarly formed in each of the pixel regions in
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transparent electrode 109 in the pixel region 101bb (the
first pixel region) via the connection hole 113a of the
lower-side interlayer insulating film 113. ©On the other hand
the pixel electrode 106 is electrically connected to the
drain 107 via the upper-side interlayer insulating film 113b.
The chrome layer 116bb formed on the surface of the upper-
side interlayer insulating film 115 is electrically connected
to the pixel electrode 106 via the connection hole 115a.

In this embodiment, the outer end 116x of the chrome layer
1i6bb is beyond the data line 102a and the gate line 103a to
extend into the adjacent pixel regions 10lba and 10icb. On
the other hand, in the pixel region 101bb, the chrome layer
116bb is not formed in the boundary region between the pixel
region 101bb and the adjacent pixel regions 10lbc and 101ab.
The chrome layer 116bb is formed into an L-shape on the
adjacent boundary regions. In the boundary region of the
pixel region 101bb adjacent to the pixel region 10lbc, the
end portion of the chrome layer 1l16bc formed in the pixel
region 101bc is beyond the data line 102b to be extended into
the pixel region 10l1bb. In the boundary region of the pixel
region 101bb adjacent to the pixel region 10lab, the end
portion of the chrome layer 116ab formed in the pixel region
10lab is beyond the gate line 103b to be extended into the
pixel region 10lbb. As a result, the pixel region 101bb is



area. The chronme |ayer 116bb is electrically connected to the pixel

el ectrode 106. As a result, the chrone layer 116bb is in a state where it
cofistitutes a capacitance. Thi s enbodi ment has an arrangenent that the
liquid crystal display device is constituted by enclosing the |iquid
crystal between the transparent substrax® <109, on which the black matrix
116 is forned, and the other side transparent substrate (omtted from
illustration) on which a color filter and a conmon el ectrode are forned.
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the necesshmayrix 116. - 15 -

Therefore, the aperture ratio of the liquid crystal display
device according to this embodiment is raised. Furthermore,
the black matrix 116 is not in the floating state, resulting
in that its potential does not disorder the 1liquid crystal.
In addition, the black matrix 116 is constituted by the
chrome layers 116bb, 116bc, 1l1ll6ab... which are electrically
independent in each pixel region, resulting in that the
influence of short-circuit one of the chrome layers 116bb,
116bc, 116ab... causes only a point defect in display.

This embodiment is different from the liquid crystal displays
according to Embodiment 1 and Embodiment 2 in that the end
portions of the chrome layers 116bb, 116bc, 1ll6ab... are not
formed adjacently over a wide range on the data lines 102a,
102b... and gate line 103a, 103b, etc. Therefore, even if
the chrome layers 116bb, 116bc, 1ll6ab... are formed with an
ordinary accuracy in a process in which the black matrix 116
is formed, their short-circuit is prevented. Furthermore,
the pixel region 106 is formed on the surface of the
interlayer insulating film 113, while the chrome layers
116bb, 1ll16bc, 1ll6ab... are formed on the surface of the
interlayer insulating film 115. That is, the pixel region
-106 and chrome layers 116bb, 1l1l6bc, 1llé6ab... in the adjacent
region are formed in different layers. Therefore, even if
they are disposed adjacently, no short-circuit takes place.
As a result, the black matrix 116 composed of the chrome



formng the black matrix on the transparent substrate, on which the common
el ectrode is fornmed, can be elimnated. Therefore, the aligning accuracy
between the boundary regi on between the pixel regions and the black matrix
116 required for the conventional technol ogy does not cause a problem
Hence, the width of the black matrix 2180can be mnimzed to correspond to
the wdth of the boundary regi on between the pixel regions, that is, the
data lines 102a, 102b... and the gate lines 103a, 103b. Therefore, the
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light shielding layers are formed in facing two boundary
regions among the boundary regions of the adjacent pixel
regions while changing the direction in each adjacent pixel
region. In this case, the chrome layers 118ab, 118bc, 119%ab,
119bc... respectively are electrically connected to the pixel
regions 10laa, 10lab, 10lac... positioned in directions
designated by "-" shown in Fig. 7.

The shape, structure, material and the like of each element
for constituting the liguid crystal display device must be
set to predetermined conditions depending upon the size and
the purpose of the 1liquid crystal display device to be
manufactured. Therefore, they are not limited.

Although the chrome layer is employed as the conductive light
shielding layer for constituting the black matrix in each
embodiment, the material of it is not limited. A metal layer
such as titanium or aluminum, a silicon layer, or silicide
compound such as molybdenum silicide or tungsten silicide may
be used if the material has conductivity and the 1light
shielding characteristics.

Embodiment 4




- 16 - Fig. 3is a plan view which illustrates a portion of a matrix
array of a liquid crystal display device according to Enbodi nent 2 of the
preésent invention. Fig. 4 is a cross sectional viewtaken along I|ine
[1-11 of Fig. 3. The el enments having the sanme functions as those of the
el enents of the liquid crystal display 4flevi ce according to Enbodinment 1 are
given the sane reference nunerals and their detail ed descriptions are :
omtted here. Also in the liquid crystal display device according to this

enbodi nent T;d08 i e f f gt RIRAr S0t :
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the © 20laa, 201ab, 20lac... are, by sectioning, formed between the
foregoing lines. Then, the structure will now be described
while taking the pixel region 201bb {a first pixel region)
for example. A color filter 232 for enabling color display,
a common electrode- 233 and an opposing-substrate-side
orienting film 234 are formed on an opposing-substrate- 230
shown in Fig. 9. Furthermore, an opposing substrate side
black matrix 231 is formed on the opposing substrate 230. In
the 1liquid crystal display device according to this
embodiment, another black matrix is formed on the active
matrix substrate as described later. The opposing-substrate-
side black matrix 231 is provided for the purpose of
complementing the black matrix formed on the active matrix
substrate.

As shown in Fig. 8, the pixel regions 20lab, 20l1ba, 201cb,
201lbc (a second pixel region) are formed adjacent to the
pixel region 210bb (the first pixel region). In the pixel
region 201bb, a TFT 208 is constituted by a source 204 to
which the data line 202a is electrically connected, a gate
electrode 205 to which the gate line 203b is electrically
connected, and a drain 207 to which a pixel electrode 206 is
electrically connected. The pixel electrode 206 1is a
transparent electrode made of ITO which is a conductive and
light transmissible material, the pixel electrode 206 being
formed on substantially the whole surface in the pixel region
201bb. The end portions of the pixel electrode 206 are



drain is electrically connected to the chrone |ayer 116bb fornmed on the
surface of the upper-side interlayer insulating film211l5. Simlarly to
Embodi ment 1, the chrone layer 116bb is so forned that its outer end 116x
i s positioned above the boundary region between the pixel region 101bb and
t he adj acent pixel regions 10lab, 101ka22101lcb and 101cb (the second pi xel
regions), that is, on the regions in which the data |ines 102a, 102b, gate
| ines 103a and 103b are fornmed. The data |ines 102a, 102b, the gate |ines
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the bl ack nmeevicell6 is, in addition to the matrix array, fornmed on the

transparent substrate 109 to -
The polycrystalline silicon layer 210 to which phosphorus is,
as n-type impurity, doped except for a channel region 211
which is a intrinsic polycrystalline silicon region. As a
result, the source 204 and the drain 207 are formed. On the
surface of the TFT 208, a lower-layer-side interlayer
insulating film 213 made of a silicon oxide film is formed,
the lower-layer-side interlayer insulating film 213 having a
first connection hole 213a. The data line 202a made of an
aluminum layer is electrically connected to the source 204
via the first connection hole 213a.

Furthermore, the liquid crystal display device according to
this embodiment has an upper-layer-side interlayer insulating
film 215 formed on the surface of the lower-layer-side
interlayer insulating film 213. The upper-layer-side
interlayer insulating film 215 and the lower-layer-side
interlayer insulating film 213 have a second connection hole
215a. A pixel electrode 206 is electrically connected to the
drain 207 via the second connection hole 215a. The pixel
electrode 206 is so formed in the pixel region 201bb and
adjacent pixel regions 201ab, 201ba, 20ibc and 20lcb that its
outer end 206c is positioned above the data lines 202a, 202b,
the gate lines 203a and 203b.

In the 1liquid crystal display device according to this
embodiment, a molybdenum silicide layer 216bb (a conductive
and light shielding layer) is formed on the surface of the



correspond to the boundary regi on between the pixel regions. Therefore, the
width of the black matrix can be set to a mnimumw dth, resulting in a
hi gh aperture ratio of the liquid crystal display device. Furthernore, the
chronme | ayer 116bb is electrically connected to only the pixel electrode
106 in the sane pixel region 101bb, res&8t+ng in a state being realized:
where the sane potential as that of the pixel electrode 106 is applied to
the chrone | ayer 116bb, regardl ess of the state of the operation of the

liquid crys | S device, or,e, . the.pot ent. al f r
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accordi ng tq ' di ment of the present invention. Fig. 61is a

cross sectional View taken along line IlI-111 of Fig. 5. Elenents having
functions corresponding to the elenents of the liquid

The conductive and 1light shielding 1layer such as the
~ 10 molybdenum silicide layer 216bb is similarly formed in each
of the pixel regions. The molybdenum silicide layer 216bb is
in a state where it is insulated and separated from the outer
end 216x of each of the molybdenum silicide layers 216ab,
216ba, 216ch and 216¢c in the adjacent pixel regions 201ab,
15 201ba, 201lcb and 201bc at positions above the data lines
202a, 202b, the gate lines 203a and 203b. Therefore, the
molybdenum silicide layer 216bb can be applied with the
potential from the pixel electrode 206 in the same pixel
region 201bb. However, the potential is not applied from any
20 pixel electrode in the other pixel regions. In addition,
substantially the whole surface of the data 1line 202a is
covered with the interlayer insulating film 215, the end
—_ portions of the molybdenum silicide layers 216bb and 216ba
and the end portion of the pixel electrode 206, resulting in
25 that the potential applied to the data 1line 202a does not
affect the liquid crystal placed on the surface of the data

line 202a.

The liquid crystal is enclosed between the active matrix and

the opposing substrate 230, the active matrix being
30 structured as described above and formed on the surface of

the transparent substrate 209 in a state where an orienting

film 220 is formed on the surface of the pixel electrode 206

and the molybdenum silicide layer 216bb. As a result,

display utilizing the orientation of the ligquid crystal is
35 enabled.
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crystal display device according to Enbodinment 1 are given the sane
reference nunerals and their detailed descriptions are omtted here. Al so
in"the liquid crystal display device according to this enbodi nent, the data
line 102a is electrically connected to the source 104 of the TFT 108 forned
on the surface of the transparent el ectdé%de 109 in the pixel region 101bb
(the first pixel region) via the connection hole 113a of the | ower-side
interlayer insulating film113. on the other hand the pixel electrode 106
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excessively in order to improve the position alignment
accuracy at the time of allowing the two transparent
substrates to face each other. Since each of the molybdenum
silicide layers 216bb, 216ab... is formed to reach the
surface of the same transparent substrate of the pixel
regions 201bb, 20lab... accuracies in terms of position
alignment can be improved. Therefore, the width can be set
to a minimum value to correspond to the width of each of the
data lines 202a, 202b... gate lines 203a and 203b etc. As a
result, the aperture ratio of the 1liquid crystal display
device can be raised. Furthermore, the potential of the
molybdenum silicide layer 216bb is in a state where the same
potential as that of the pixel electrode 206 is always
applied, thus resulting in that the potential of the
molybdenum silicide layer 216bb does not disorder the state
of orientation of the liquid crystal. As a result, excellent

display quality can be obtained.

Even if both of the pixel electrode 206 and the black matrix
216 act as the electrodes, the outer surface range of the
pixel electrode 206 and that of the black matrix 216 can be
made to coincide with each other. Therefore, a region (a
reverse tilt domain region), in which the orientation of the
liquid crystal is disordered due to an undesirable influence
of the potential from the foregoing electrodes, can be



- 19 - formed by sectioning with the chrome | ayer 116bb forned to
correspond to the pixel region 101bb and the chrone |ayers 116bc and 11l6ab
fofmed to correspond to the adjacent pixel regions 101bc and 10lab. In
this enbodi nent, the fact that the chrone |ayers 116bb, 116bc, 116ab..
section the pixel regions 101bb..- 29s-utilized to use the chrone

| ayers 116bb... as the black matrix 116. Therefore, the aperture ratio
of the liquid crystal display device according to this enbodi nent is

rai sed. Further r|x 1 not. in the floating state
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short - ci rcufievieepr evented. Furthernore, the pixel region 106 is forned on

the surface of the -
Furthermore, the pixel region 201bb is formed precisely due
to the tendency of precisely forming the liquid crystal
display device, thus resulting in the display capacitance in
the pixel region 201bb being reduced. Even if the 1leak.
current is decreased by constituting the TFT 208 having a
large off-resistance, the display voltage is 1lowered in a
period in which the gate 1line 203b 1is not selected
Therefore, the display maintaining characteristics tends to
deteriorate. However, the 1liquid crystal display device
according to this embodiment is so arranged that the end
portion of the pixel electrode 206 is positioned above the
forward gate line 203a so that a charge storage capacitance
is formed by them. Therefore, the forward gate line 203a is
in a non-selected state during a period in which the pixel
region 201bb 1is being selected, and a reference voltage is
accordingly applied to the gate line 203a. By utilizing this
fact, characteristics for maintaining the voltage applied to
the liquid crystal in the pixel region 201bb can be improved
by storing a charge in the charge storage capacitance.

Then, a portion of a method of manufacturing the liguid
crystal display device according to this embodiment will be
described while making a reference to the left portion of the
regions shown in Figs. 10 (a) to (c). Figs. 10 (a) to (c)
are cross sectional views which illustrate a portion of the
process for manufacturing the liquid crystal display device
according to this embodiment.
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interlayer insulating film 113, while the chrone | ayers 116bb, 116bc,
116ab... are fornmed on the surface of the interlayer insulating film 115.
That is, the pixel region 106 and chrome | ayers 116bb, 116bc, 1l16ab... in
t he adjacent region are fornmed in different |layers. Therefore, even if
they are di sposed adjacently, no short-26ércuit takes place. As a result,
the black matrix 116 conposed of the chrone

- 20 - | ayers 116bb, 116bc, 116ab... electrically independent in each
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10ac. .. posighieONEdwer-ThyEFLeéfde interlayer insulating film 213 followed

by forming of the second connection hole 215 in the upper-
layer-side interlayer insulating £ilm 215.

Then, the molybdenum silicide layer is deposited, and then it
is patterned as shown in Fig. 10 (b) to form the molybdenum
silicide layer 216a. In this state, the molybdenum silicide
layer 216a is not in a state where it has the pattern to
constitute the black matrix 21s6.

Then, an ITO layer 206a is formed on the surface of the
molybdenum silicide layer 216a, and then the ITO layer 206 is
patterned to form the pixel electrode 206 as shown in Fig. 10
(c). Then, a mask used at the time of forming the pixel
electrode 206 by patterning is used as it is to pattern the
molybdenum silicide layer 216a while using the pixel
electrode 206 as- the mask. As a result, the molybdenum
silicide layer 216bb for constituting the black matrix 216 is
. formed. 1In the process of patterning the lower layers among
the pixel electrode 206 and the molybdenum silicide layer
216bb, the outer end of the upper layer or the mask used to
pattern the upper layer is, as described above, used as the
mask at the time of performing patterning.

As a result, a structure can be constituted in which the
outer end 206x of the pixel electrode 206 and the outer end
216x of the molybdenum silicide layer 216bb can be allowed to
coincide with each other, and they are positioned above the



designated by "[err]" shown in Fig. 7. The shape, structure, material and
the li ke of each elenent for constituting the liquid crystal display device
nust be set to predeterm ned conditions _dependi ng upon the size and the
purpose of the liquid crystal display deliite to be manufactured. Therefore,
they are not |limted. Al t hough the chrone layer is enployed as the
conductive light shielding layer for constituting the black matrix in each

enmbodi nent, dhlﬁﬁ Netred | abzaf |tshﬁ080ta Ikﬂwxed régaetsalcaxaygé Sém&iﬁed to
titani um or m _nu a s | ayer, or sillgide co nd _sug
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conductivit hezed the |ight shielding characteristics. Enbodi nent 4

- 21 - Fig. 8 is a schematic plan view which illustrates an active matriXx

substrate for use in a liquid crystal display device according to .
Enbodi nent Asofdeswr et eaboveyerthenmethfdg o msnufacturisgctihemal iqhdd

taken al ongg Eﬁawvd*éﬁiaf'ﬂ vice éﬁéﬁ%dihﬁhﬁol' é’&ﬁﬁé&§heﬂtsﬁkﬂy an

devi ce according to t% glnent vertic |nes 202a,

(si gnal |in@¥yangement that the pixel electrode 206 is so formed by
patterning that the molybdenum silicide layer 216a is present
below the pixel electrode 206 to protect the lower layer.
Therefore, if an etchant of a chloride type is used to
pattern the ITO layer 206, a pit or the like of the upper-
layer-side interlayer insulating film 216 does not cause the
lower data line 202 constituted by the aluminum layer to be
damaged by the etchant. Therefore, the data line 202a can be
freed from disconnection or the like, the reliability of the

liquid crystal display device can be improved.

The cross sectional view showing the manufacturing process in
the right portion of each of Figs. 10 (a) to (c) illustrates
a modification of the foregoing manufacturing method.

That is, the molybdenum silicide layer 216a is left in the
second connection hole 215a as shown in Fig. 10 (b), causing
the pixel electrode 206 made of the ITO layer to be
electrically connected, via the molybdenum silicide layer
216bb, to the drain region 207 made of silicon after the
pixel electrode 206 has been formed. As a result, the
contact resistance can be reduced as compared with a case
where the pixel electrode 206 and the drain region 107 are
directly connected to each other, thus resulting in the
display quality to be improved.

Although the active matrix substrate formed by either of the
manufacturing methods shown in the right and the left regions
of Figs. 13 (a) to 13 (c) is constituted such that the pixel
region 206 is formed above the black matrix 216, the present
invention is not 1limited to this. A structure may be



and horizontal gate lines 203a, 203b... (scanning lines) are disposed to
forma lattice simlarly to the liquid crystal display device according to
Enbodi nent 1. Pi xel regions 20laa, 20lab, 20lac... are, by sectioning,
formed between the foregoing |lines. jﬂg ,_the structure will now be
descri bed while taking the pixel region®201bb (a first pixel region) for
exanple. A color filter 232 for enabling color display, a comon
el ectrode 233 and an opposing-substrate-side orienting film234 are
formed on a@@ﬂmﬁdﬂg-ﬁu&sfmabﬁ- ZHe ngtjiialﬁ Q%o&iti?]llfalltheé!f@tﬁ.on%hip
opposi ng substrate sjde hlack matri,x s r on .t opppesi ng .
substrate Z%leeﬁaq h{éﬁiel |%’(ff%‘l EPFEPR 2 sﬁpgynéb%v%& C?(aclgggﬁ?ﬁg 21§ 1s
thi s enbodi iewertadot her bl ack matrix is formed on the active matrix
substrate as described | ater. The opposing-substrate- side black matrix 231
I's provided for the purPose of conpl ementing the black matrix formed on the
active nmatri As shown in Fig. 8, the pixel regions 201lab,
201ba, 201cb, 201bc (a second pixel region) are forned adjacent to the
pi xel region,210bh (fhe first pixel region). In the pixel region 201bh, a
TET 208 1's d4fst ituital BySSREBRELE POAT Fis eiah LLIUSTTHES (2 PPEEIon
el ectri cal | pfcameattilve amgtird xelsaristotte? Ofort cusdi dh ttiiee gbiquid nery8dhli s
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surface in tﬁgg i xel re iéﬁ g']Olbb._13 e é% foﬂg?ons %%fﬁﬁ% %#g%%géfﬁggbgde
206 are to ose of the elements of the liquid crystal display device
according to Embodiment 4 shown in Figs. 8 and 9 are given

the same reference numerals, and their detailed descriptions
are omitted here.

Also in the 1liquid crystal display device according to this
embodiment, pixel regions 20lab, 201ba, 201cb and 201bc
(second pixel regions) are positioned adjacent to the pixel
region 201bb (the first pixel region). In the pixel region
201bb, the TFT 208 is constituted by the source 204, the gate
electrode 205 and the drain 207.° The lower~layer-side
interlayer insulating film 213 made of a silicon oxide film
is deposited on the surface of the TFT 208. The lower-layer-
side interlayer insulating film 213 has the first connection
hole 213a and the second connection hole 213b formed therein.
The data line 202a made of the aluminum layer is electrically
connected to the source 204 via the first connection hole
213a, while the pixel electrode 206 made of the ITO layer is
electrically connected to the drain 207 via the second
connection heole 213b.

The pixel electrode 206 is formed to reach positions adjacent
to the boundary regions between the pixel region 201bb and
adjacent pixel regions 20lab, 201lba, 201bc and 201lcb. Its
outer end 206x is positioned inside the positions at which
the data lines 202a, 202b, the gate lines 203a and 203b are



- 22 - extended to positions above the data |ines 202a, 202b, gate |ine
203a and 203b. Furt hernore, each pixel electrode 206 has a w de

overl apping area on the forward gate |ine 203a. As for the cross _
sectional structure of the TFT 208, a polycrystalline silicon |ayer 210 is,
as shown in Fig. 9, fornmed on the surfagg aof a transparent substrate 209
supporting the overall body of the liquid crystal display device. The

pol ycrystalline silicon layer 210 to which phosphorus is, as n-type

i mpurity, doped except for a chapnel region 211 which is a intrinsic
pol ycryst al | ¥eemed} j cddsoeditm. 1igwid exystal displayrdevice actoriddny sto

207 are forneslis Cambbaiﬁéhtaq&softﬁ&emeﬁéé}ﬁm asipieiaéaxsyef»' ;iﬁsbb (th
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202b, the width of the molybdenum silicide layer 216bb, it is
preferable that the side of the molybdenum silicide layer,
where the orientation of the liquid crystal can easily be
disordered in the pixel region 201bb, has a thick width and
the other side where disordering cannot easily take place has
a narrow width. Accordingly, the 1liquid crystal display
device according to this embodiment has an arrangement to
shield from light the reverse tilt domain region in which the
orientation of the liquid crystal adjacent to the data 1line
202a is disordered by an influence of the charge of the data
line 202a, the arrangement being made such that the width W1
of side of the molybdenum silicide layer 216bb adjacent to
the data line 202a is made to be thicker than the width W2 of
the side adjacent to the data 1line 202b. Thus, even if the
alignment is deviated, the reverse tilt domain region can be
assuredly covered, resulting in the display quality to be
maintained and the reduction in the aperture ratio to be
minimized.

Since the 1liquid corystal display device constituted as
described has an arrangement that each of the molybdenum
silicide layers 216bb... is utilized as the black matrix, the
molybdenum silicide layer 216bb serves as a margin at the
time of the position alignment of the opposing-substrate-
side black matrix 231 at the time of causing the side of the
active matrix constituted adjacent to the transparent



the gate lines 203a and 203b. In the liquid crystal display device
according to this enbodi nent, a nolybdenumsilicide |ayer 216bb (a
conductive and light shielding layer) is fornmed on the surface of the

- 23 - upper-layer-side interlayer insulating film215 and as wel | as
bel ow t he pi xel electrode 206. The moladdenum silicide | ayer 216bb is so
formed that its outer end 216x is positi oned above the data |ines 202a,
202b, the gate lines 5 203a and 203b in the boundary regi ons between the

i xel ' Qb dj i i lab. 20 201ch
DEL o cObbaRPRRe A bR e, S8 00%, S3b8Rng0MBRAUIED 230Te,
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the gate | RESUBARTala Jat 'thepstate of the or off [the abiady,

2| 6bb can bergpphlleccanridt t be dipeirdered. fruneiétope)elexteadiamded28plany
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is constituted by the molybdenum silicide layers 216bb...
. which are electrically independent from one another in each
pixel region. Therefore, a short ecircuit occurring in the
pixel region 201ibb between the molybdenum silicide 1layer
216bb and the data line 202a will cause only a point defect
to occur in the display performed by the pixel region 201bb.
As a result, the reliability of the liquid crystal display
device is excellent.

Referring to the left portions of the portions shown in Figs.
13 (a) to (d), a portion of a method of manufacturing the
liquid crystal display device according to the present
invention will now be described. Figs. 13 (a) to (d) are
cross sectional views which illustrate a portion of a
manufacturing process of the method of manufacturing the
liquid crystal display device according to this embodiment.

Since a known method can be employed in the process until the
TFT 208 is formed on the transparent substrate 209 as shown
in Fig. 13 (a), its description is omitted here. After the
TFT 208 has been formed, the lower-layer-side interlayer
insulating film 213 is deposited followed by forming the
first connection hole 213a and the second connection hole
213b in the lower-layer-side interlayer insulating film 213.
Then, the ITO layer 206a to form the pixel electrode 206 is
formed by sputtering.

As shown in Fig. 13 (b), the molybdenum silicide layer 216a
is then deposited, and then only the molybdenum silicide



20 pixel electrode in the other pixel regions. In addition,

substantially the whole surface of the data line 202a is covered with the
interlayer insulating film 215, the end portions of the nolybdenum
silicide layers 216bb and 216ba and the end portion of the pixel

el ectrode 206, resulting in 2s that thasipetential applied to the data |line
202a does not affect the liquid crystal placed on the surface of the data
i ne 202a. The liquid crystal is encl osed between the active matrix and

t he opposi ate, 230 acti tri i ng structuyred _as
descri bed ag%¥8§ %{é%rdﬁﬁ &foﬁ neﬁrfac f%ftﬂﬁfheéFFgﬁépaFégt %ﬁ%?#%?%m
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enabl ed. has not been patterned to havega. patrl;p:{rhecppqﬁ.p u@,a.y:gt af,he
di spl ay devhfRetoasbtt¥bad adedescribed above, each of the nol ybdenum
silicide |ayers 216bb, 216ab, 216ba... is utilized as the black matrix 216,

resulting in that the necessity of prOV|d|ng the black matri x on the
0pposi Nng subRénpt @as238héwn lm ekigi nased(d)f, tthedaidged iae the tiielgibdénhinne
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as it is, the ITO layer 206a is patterned so that the pixel
electrode 206 is formed. In order to maintain excellent
etching accuracy, the molybdenum silicide layer 216a is
subjected to plasma e@ching with CF4 gas, while the ITO layer
206a is, following the plasma etching of the molybdenum
silicide 1layer 216a, subjected to anisotropic etching by
using a mixture gas of CH, gas and H, gas. As a result, the
outer ends 206x and 216x of the pixel electrode 206 and the
molybdenum silicide layer 216bb coincide with each other in
portions adjacent to the boundary regions between the pixel
region 201ibb and the adjacent pixel regions 20l1ab, 201ba,
201bc and 201cb. ‘The plasma etching with the CF, gas may be
performed similarly by using a molybdenum silicide layer or a
tungsten silicide layer in place of the molybdenum silicide
layer 216a.

Then, the aluminum layers for forming the data lines 202a and
202b are formed followed by performing patterning as shown in
Fig. 13 (d), resulting in the data line 202a to be formed.

Since a know process may be employed to perform the ensuing
process, its description is omitted.

As described above, according to the method of manufacturing
the 1liquid crystal display device according to the present
invention, the outer surface range of the pixel electrode 206
and the outer surface range of the black matrix 216 can be



bl ack matrix 216 or that of the black matrix 231 on the opposing-side
substrate does not need to be wdened excessively in order to inprove
the position alignnent accuracy at the tinme of allow ng the two transparent
substrates to face each other. Since each of the nol ybdenum silicide

| ayers 216bb, 216ab... is fornmed~ 88 “reach the surface of the sane
transparent substrate of the pixel regions 201bb, 20lab... accuracies

in terns of position alignnent can be inproved. Therefore, the width

can be set ni JBYA e c o) t ch
data lines 2 2? IE]5‘02b élf%ét!lews'?lrllega%ga ancft Z%g%ﬁ %dﬁbﬂ{ B?es}ﬂ%f H"BEEI

aperture raﬂ-?FE?m?‘PleZPFqGPG thesbdpck ?&H&xd%ﬁc@%r?%é:%l%w codes .
F;Jr: he\rNh nor entliféﬁoﬁet er’t%héﬂ _di}‘sdrlﬂl%trlgl)?fb?ﬁtw mo'ii_ﬂdnlfﬁa(ifidx?yeg 2ﬁ2.ﬁbb

state where_the s otenti al . as at .of .the pi el ectrade |saways
2ppl e 1 FEAYFER0I PR bYn&he: ReLROEaRt SEoB: e TREHRITH f AT TEs %%s

| ayer 216bbcaivdse naésairedlgecovéredtwith otherbratlkatnatrixt 2bhe. | i qui d
crystal. As a result, excellent display quality can be obtai ned. Even if
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That is, as shown in Fig. 13 (b), the ITO 1layer 206a is
formed on the lower-layer-side insulating film 213 in a
region a-1 and a region a-2 in which the lower-layer-side
interlayer insulating film 213 has been formed. Then, the
first connection hole 213a and the second connection hole
213b are formed.

Then, the molybdenum silicide layer 216a is formed as shown
in Fig. 13 (b). As a result, a state is realized in which
the molybdenum silicide layer 216a is electrically connected
to the source 204 and the drain 207 of the TFT 208. Then, the
molybdenum silicide layer 216a is patterned as shown in Fig.
13 (¢c) so that the molybdenum silicide layer 216bb
constituting the black matrix 216 is formed. Furthermore,
the molybdenum silicide layers 216b and 216c are left in the
first connection hole 213a and 213b in regions c-1 and c-2.
Then, the end portion of the molybdenum silicide layer 216bb
is used as a mask to pattern the ITO layer 206a so that the
pixel electrode 206 is formed. As a result, a structure is
formed in which the outer ends 206x and 216x of the pixel
electrode 206 and the molybdenum silicide 1layer 16bb
coincide with each other at positions adjacent to the
boundary regions between the pixel region 201bb and adjacent
pixel regions 20lab, 20l1ba, 201ibc and 201cb.



assuredly covered with the black matrix 216. Furthernore, the black
matrix 216 is constituted by the nolybdenumsilicide |ayers 216bb..

each of which is electrically independent in each pixel region, thus
resulting in that only a point defect of the pixel region 201bb takes pl ace
even if short circuit occurs between 483 mol ybdenum silicide |ayer 216bb

and the data |I|ine 202a. As a result, excellent reliability can be.
attained fromthe liquid crystal display devi ce. Furthernore, the pixel
regi on 201bf,is f rned Ci th eng
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the liquid SBXSEQn(E§p£8¥mQSV%§8m a thin silicon film, resulting in an
improvement in the ON/OFF ratio. !

In the region d-2 shown in Fig. 13 (d), the pixel electrode
206 made of the ITO layer and the drain 207 made of silicon
are electrically connected via the molybdenum silicide layer
206a. Therefore, the contact resistance can be reduced as
compared with a case where the pixel electrode 206 and the
drain 207 are directly connected to each other. aAs a result,
the display quality can be improved.

Although the pixel region 206 is formed below the black
matrix 216 in either case of the manufacturing methods shown
in the right and the left regions of Figs. 13 {(a) to 13 (d),
the present invention is not limited to this. An inverted
structure may be employed.

Embodiment 6
Fig. 14 is a schematic plan view which illustrates a portion

of an active wmatrix substrate for use in a liquid crystal
display device according to Embodiment 4 of the present



according to this enbodi nent. - 26 -
Since a known net hod can be enployed until the TFT 208 is fornmed on the
transparent substrate 209 as shown in Fig. 10 (a), the description about
it is omtted. After the TFT 208 has been forned, the | ower-I|ayer-side
interlayer insulating film213 is fornmBd. -Then, the first connection hole
213a is formed, and the data |ine 202a nade of the alum num | ayer is
formed to connect electrically the data line .202a to the source 204 of
the TFT 208, the_,upper-layer-side interlayer insulagi 215
2 for med. onBYERENS R ace BHSTLRE | heP. SRS SPOEELAPar e | hekFa:
film213 foIanedVItMIf@anng.0141he second connection hole 215 in the
upper- layer-side interlayer insulating film 215, Then, the nol ybdenum
silicide layer is deposited, and then it is patterned as shomn in Fig. 10
(b) to formThe nﬂllyjmglnuncrzstal;u detisplay 21devicen alcicorddmge, toe this
mol ybdenum Skt dddfent apls 2468 hdiel LfrdothAl C ctlitharl lefatuhe At iy

to constltutethe bl ack matrjx 216. Then | TO | ayer 206a | s forned

on the surfat¥wd  FYSRAL HESRIY | fiS"&éel a?%‘lm?e 1ty R (BRRPdiRento4.
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substrate. Hence, the same reference numerals are given to
the corresponding eclements and their detailed descriptions

are omitted here.

Referring to the foregoing drawings, the liquid crystal
display device according to this embodiment also includes the
molybdenum silicide 1layer 216bb (a conductive and 1light
shielding layer) having the light shielding characteristics
and conductivity on the surface of the pixel electrode 206 in
the pixel region 201. The molybdenum silicide layer 216bb is
so present in the boundary regions between the pixel region
201bb and the adjacent pixe.l regions 201ab, 20lba, 20ibc and
201cb that its outer end 216c coincides with the outer end
206c of the pixel electrode 206 above the data lines 202a,
202b, the gate lines 203a and 203b.

The opposing substrate 230 is disposed to face the active
matrix substrate constituted as described above.

Furthermore, 1liquid crystal 241 is enclosed between the

forgoing substrates. Since a polymer-dispersion-type liquid -
crystal is enclosed in the 1liquid crystal display device

according to this embodiment, the orienting film is not

formed on the surface of the active matrix substrate and the

opposing substrate 230. The residual structures are the same

as those of the liquid crystal display device according to

Embodiment 4.

Although the 1liquid crystal display device according to this
embodiment is different in the type of the 1liquid crystal



nmol ybdenum si licide |ayer 216a while using the pixel electrode 206 as the
mask. As a result, the nolybdenum silicide |layer 216bb for constituting
the black matrix 216 is .formed. In the process of patterning the |ower

| ayers anmong the pixel electrode 206 and the nol ybdenum silicide | ayer
216bb, the outer end of the upper |ayersgr-the mask used to pattern the
upper layer is, as described above, used as the mask at the tinme of
perform ng patterning. As a result, a structure can be constituted in

whi ch the outer end 206x_of the pixel electrode 206 and the outer end 216x
of the mol ydd&um &8 ci er CrYSbBlcarf P kaY ondevisecoiarserdimgh duch

<23t7 her, gn? tHxityo ﬁ;x?ms&tg@m, &iI.EVﬁhéhﬁolybdenum sbilicidle layers 216bb,
- ata . ince a _known process can be enployed to perform
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present bel @% heepicanplanantaxidy208orwedr aisecshowm lionweFigayas. As a
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providing unnecessary margin for the width of the black
matrix 216 and the black matrix 231 on the opposing substrate
can be eliminated. As a result, effects such as that the
aperture ratio of the liquid crystal display device can be
raised can be obtained similarly to the 1liquid crystal
display device according to Embodiment 4.

Embodiment 7

Fig. 16 is a schematic plan view which illustrates a portion
of an active matrix substrate for use in a liquid crystal
display device according to Embodiment 7 of the present
invention. Fig. 17 is a cross sectional view taken along
line VII-VII of Fig. 18.

Also in the liquid crystal display device according to this
embodiment, a TFT 308 is constituted by a source 311a to
which a data line 302a is electrically connected and a drain
311b to which a pixel electrode 306 is electrically connected
in any pixel region such as a pixel region 301bb (a first
pixel region) which are formed by sectioning with vertical
data ‘lines 302a, 302b... (signal lines) and horizontal gate
lines 303a, 303b... (scanning lines). Although the TFT 308
‘ is arranged similarly to the TFT of the 1liquid crysfal
display device according to Embodiment 1 in terms of the
function, the liquid crystal display device according to the
present embodiment has an arrangement that it is constituted
by a so-called inverted stagger type TFT. That is, an



freed fromdisconnection or the like, the reliability of the liquid crystal

di spl ay device can be inproved. The cross sectional view show ng the
mahuf acturi ng process in the right portion of each of Figs. 10 (a) to (c)
illustrates a nodification of the foregoing nmanufacturing nethod. That

I's, the nolybdenumsilicide |ayer 216a3eé < eft in the second connection

hol e 215a as shown in Fig. 10 (b), causing the pixel electrode 206 made of -
the ITO |ayer to be electrically connected, via the nol ybdenumsilicide

| ayer 216bb, to.the drajn, region, 207 de of silican after the_pixel
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not |inite8iligopplayer 340,s@ndc AROXPhoRs Sde11°°n 1aYerS (sources 31la
- 28 - eafhd ogedbi) N B vl ¢ en-vigypé Cohp@pstiédnater abpboRTR (Formed on
the surfaces of the aforesaid elements. In addition, a

source electrode 304a and a drain electrode 307a are formed
to correspond to the amorphous silicon layer (the source 31la
and 311b). The pixel electrode 306 is electrically connected
to the drain electrode 307a via an interlayer insulating film
313.

The 1liquid crystal display device according to this
embodiment has a molybdenum silicide layer 316bbd (a
conductive and light shielding layer) formed on the surface
of the interlayer insulating film 313 and as well as below
the pixel electrode 306. The molybdenum silicide layer 316bb
is so formed in the boundary regions between the pixel region
301bb and adjacent pixel regions 301ab, 30l1ba, 30lbc and
301cb that its outer end 306x is positioned above the data
lines 302a, 302b, the gate lines 303a and 303b. Although the
conductive and light shielding layers such as the molybdenum
silicide layer 316bb are formed in any one of the pixel
regions, the molybdenum silicide layer in each pixel region
is insulated  and separated from the pixel electrode and the
molybdenum silicide 1layers in the adjacent pixel regions.
Since the residual structures are the same as those of the
liquid crystal display device according to Embodiment 4,
corresponding elements are given the same reference numerals
and their descriptions are omitted here.

Although the 1liquid crystal display device structured as
described above is different in the structure from the liquid
crystal display device according to Embodiment 4 due to the
irdifference in the structure from the TFT 308, a similar



bet ween the pixel region 206 and the black matrix 216 is inverted.

Enbodi nent 5 Fig. 11 is a schematic plan view which illustrates a portion
of*an active matrix substrate for use in the liquid crystal display device
according to Enbodi nent 5 of the present invention. Fig. 12 is a cross
sectional view taken along line V-V of 3/ g 11. El enents having functions
corresponding to those of the elenents of the |iquid crystal display device
according to Enbodi nent 4 shown in Figs. 8 and 9 are given the sane
reference nuneral s, and their detalled descrl tions are ontted here
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201bc and 2®1eb. Th¢r%£m¢ertbﬁd1@©@ss|18'—17pmtmsmwtwedmm oelse at
whi ch width of the black matrix 316 or the opposing substrate side
active matrix 331 for improving the position alignment at the
time of allowing the two transparent substrates to face each
' other can be eliminated. Furthermore, each of the molybdenum
silicide layers 316bb... are formed to reach the surface of
the same transparent substrate in the pixel regions
301bb, ..resulting in an excellent accuracy in terms of the
position. Accordingly, the width of the molybdenum silicide
layers 316bb,,, can be set to a minimum width to correspond
to the width of each of the data lines 302a, 302, the gate
lines 303a and 303b. Therefore, the aperture ratio of the
liquid crystal display device can be raised. In addition,
the potential of the molybdenum silicide layer 316bb does not
disorder the state of the orientation of the liquid crystal,
resulting in excellent display quality. Furthermore, the
outer surface range of the pixel electrode 306 and the outer
surface range of the black matrix 316 can be made to coincide
with each other, thus resulting in an effect to be obtained
that the potential from the foregoing electrodes causing the
disorder of the orientation of the liguid crystal can be
assuredly covered with the black matrix 316.

Embodiment 8

Fig. 18 is a schematic plan view which illustrates a portion
of an active matrix substrate for use in a liquid crystal



the data lines 202a, 202b, the gate lines 203a and 203b are

- 29 - formed. Also the liquid crystal display device according to this
enodi ment has the nol ybdenum silicide |ayer 216bb (the conductive and

l'i ght shielding |ayer) having the light shielding characteristics and
conductivity on the surface of the pixekgelLectrode 206. Al so the nol ybdenum
silicide layer 216bb is fornmed to reach positions adjacent to the boundary
regi ons between the pixel region 201bb and adj acent pixel regions 201lab,
201ba, 201bc_and 20l1cb. |ts outer end 216x is positioned inside the
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~adjacent to the data |line 202a is disordered by an influence of the charge
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domai n regi @ogsatobavhich the data line 202a is electrically connected,

the gate electrode 205 to which the gate line 203b is

electrically connected, and the drain 207 to which the pixel

electrode 206 is electrically connected. The pixel electrode

206 is a transparent electrode made of ITO which is a

' conductive and light transmissible material, and is formed

over the whole surface of the pixel region 201bb. The end

portion of the pixel electrode 206 is extended to position

above the data lines 202a 202b, the gate lines 203a and 203b.

Each of the pixel electrodes 206 has a wide overlapping area

- over the forward gate line 203a.

As for the cross sectional structure of the pixel region

i 201bb, phosphorus is, as the n-type impurity, doped to the
polycrystalline silicon layer 210 formed on the surface of
the transparent substrate 209 supporting the whole body of
the 1liquid crystal display device except for the channel
region 211 so that the source 204 and the drain 207 are
formed. A lower-layer-side interlayer insulating f£ilm 213
made of a silicon oxide film is deposited on the surface of
the TFT 208. The first connection hole 213a and the second
connection hole 213b are formed in the lower-layer-side
interlayer insulating film 213. The data line 202a made of
the aluminum layer is electrically connected to the source
204 via the first connection hole 213a.



assuredly covered, resulting in the display quality to be nmaintained and

the reduction in the aperture ratio to be mnim zed. Since the liquid
crystal display device constituted as described has an arrangenent that
each of the nolybdenumsilicide |ayers 216bb... is utilized as the.black

matrix, the nmolybdenum silicide |ayer 2lfpb.serves as a margin at the tine
of the position alignnment of the opposing-substrate- side black matrix 231

at the time of causing the side of the active matrix constituted adj acent
to the trans are - substrate 209
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liquid Crys@urf’éégl %% the stacked electrode 214 is flat in this region
208a.

Furthermore, in the liquid crystal display device, the upper-
layer-side interlayer insulating film 215 made of a silicon
oxide film is formed on the surface of the transparent
substrate 209. The pixel electrode 206 is formed on the
surface of the upper-layer-side interlayer insulating film
215. The pixel electrode 206 is electrically connected to
the stacked electrode layer 214 via the connection hole 215a
of the upper-layer-side interlayer insulating film 215. The
connection hole 215a is formed on the flat region 208a in
which the TFT 208 is not formed. As a result, the pixel
electrode 206 is electrically connected to the flat region of
the stacked electrode layer 214. Incidentally, a polyimide
layer or the like may' be employed as the upper-layer-side.
interlayer insulating film 215 to flatten its surface for the
purpose of further improving the orienting characteristics of
the liquid crystal. .

This embodiment has an arrangement that liquid crystal is
enclosed between the transparent substrate 209 on which the
matrix array is formed and the other side transparent
substrate (omitted from illustration) on which a color filter
and a common electrode are formed so that a liquid crystal
display device is constituted. In response to a signal
transmitted through the data 1lines 202a, 202b... the gate
lines 203a, 203b... the voltage generated between the common



device is excellent. Referring to the left portions of the portions shown
i n Figs.

cryst al

13

(a) to (d), a portion of a nmethod of manufacturing the liquid

di spl ay device according to the present invention will now be

descri bed. _
a portion of a manufacturing process of the nmethod of manufacturing the

liquid crystal display device accordiﬁb“%%'ihis enbodi nent . Si nce a known
nmet hod can be enployed in the process until the TFT 208 is formed on the
transparent substrate 209 as shown in Fig. 13 (a), its description is
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t he

Figs. 13 (a) to (d) are cross sectional views which illustrate

film,213

Bt e, Frpided Tor B Der MiacHrddl 20, i e fraifl

t he nol ybden2@7 sandcthe stacked electrode layer 215 of the3IFT 208ayer
patt er ned. In this state, the nolybdenumsilicide |ayer 216a
has not beenIrE)atterned_to,have a pattern

216a

S

the 1liquid crystal display device according to this
embodiment, the molybdenum silicide layer 216bb (the
conductive and light shielding layer) having light shielding
characteristics and conductivity is formed on the surface of
the upper-layer-side interlayer insulating film 215 and as
well as below the pixel electrode 206. The molybdenum
silicide layer 216bb is so formed that its outer end 216c is
positioned above the data lines 202a, 202b, the gate lines
203a and 203b in the boundary regions between the pixel
region 201bb and adjacent pixel regions 201ab, 201lba, 201bc
and 20l1cb. Furthermore, the outer end 216x coincides with
the outer end 206x. The conductive and light shielding layer
such as the molybdenum silicide layer is similarly formed in
any pixel region. The molybdenum silicide layer 216bb is
insulated and separated from the outer ends 216c of each of
the molybdenum silicide layers 216ab, 216ba, 216cb and 216bc
in the adjacent pixel regions 20lab, 201ba, 201cb and 20lbc
at positions above the data lines 202a, 202b and the gate
lines 203a and 203b.

In the liquid crystal display device constituted as described
above, each of the molybdenum silicide layers 216bb... is
used as the black matrix. Therefore, when the active matrix
substrate formed on the transparent substrate 209 and the
opposing substrate 230 are allowed to face each other as
shown is Fig. 12, the molybdenum silicide layer 216bb serves
as a margin at the time of the position aligning of the black
matrix 231 on the opposing substrate. As a result, the
position aligning accuracy is not critical. Furthermore, the
potential of the molybdenum silicide layer 216bb is in a
state where the same potential as the pixel electrode 206 is



constituting the black matrix 216. Also the ITO | ayer 206a has not been
patterned to have a pattern constituting the pixel electrode 206. Then,
as shown in Fig. 13 (c), the edge of the nolybdenumsilicide |layer 216a is
patterned prior to patterning the ITO | ayer 206a to formthe nol ybdenum
silicide lrayer 216b constituting the blétk—-matrix. Then, by using the sane
mask as it is, the I TO layer 206a is patterned so that the pixel electrode
206 is forned. In order to mai ntain excellent etching accuracy, the
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shown in Fi 13 (d) resu I ne 0

a know pr oc89§bi?ay Bkeﬁrrﬁ? e t o Perfar mesvdtenstheg yebiakility s of the

descriptionliguddl dr¢étal AR 394 Qe expeibftng to the nethod of
manufacturing the liquid crystal display device according to the present

invention, the outer surface range of the pixel electrode 206 and the outer
surface ranga othehe lilgadd meryistall6ddsplag device according to this

example, the data line 202a is formed on the lower-layer-side
interlayer insulating film 213 and is electrically connected
to the source 204 of a thin film transistor 208 via the first
connection hole 213a. On the other hand, the pixel electrode
206 is formed on the upper-layer-side interlayer insulating
film 215 while being stacked on the stacked electrode layer
214 serving as a pad. That is, the data line 202a and the
pixel electrode 206 are formed on the different layers,
resulting in that risk of short circuit can be overcome.
Therefore, the end portion 206x of the pixel electrode 206
can be disposed to a position above the data 1line 202a,
resulting in that the portion adjacent to the data line 202a
can be used as a display portion. As a result, the aperture
ratio of the pixel region 201bb is high.

Furthermore, the pixel electrode 206 exhibits a éhielding
effect of shielding the data line 202a, resulting in that the
potential of the data 1line 202a does not disorder the
orientation of the 1liquid crystal. Therefore, the display
quality can be improved. Moreover, since the stacked
electrode layer 214 has conductivity, no problem takes place
in constituting a matrix array. Furthermore, the stacked
electrode layer 214 made of ITO is different from a case
where a metal layer is used as the stacked electrode layer in
that it has 1light transmissivity. Therefore, even if the



- 32 - made to coincide with each other even if both of the pixel

el ectrode 206 and the black matrix 216 act as the el ectrodes. Therefore,

t He di sorder of the orientation of the liquid crystal caused by the
potential fromthe foregoing electrodes can be assuredly covered with the
bl ack matrix 216. The cross sectiomal42vieews which illustrates the process
shown in the right portions of the portions shown in Figs. 13 (a) to (d)
illustrate a nodification of the af oresai d nmanuf acturi ng met hod.
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215 are so structured to have a low aspect ratio. Therefore,

the electrical connection portions in the connection holes
213b and 215a exhibit excellent reliability.

Furthermore, this embodiment has an arrangement that ITO is
employed to form the stacked electrode 214 similarly to the
pixel electrode 206. Therefore, a low connection resistance
is exhibited between the stacked electrode layer 214 and the
pixel electrode 206. As a result, a low resistance level can
be maintained between the drain 207 and the pixel electrode
206. Purthermore, the surfaces of the stacked electrode
layer 214 and the upper-layer-side interlayer insulating film
215 have projections and pits reflecting the shape of the TFT
208. However, the connection hole 215a in the upper-layer-
side interlayer insulating film 215 is formed in a flat
region 208a in which the TFT 208 is not formed. Therefore,
excellent reliability can be attained in the contact between
the stacked electrode layer 214 and the pixel electrode 206
while having a low contact resistance. Furthermore, the
connection structure of the aforesaid type exhibits an effect
of raising the flat portion and flattening the surface of the
pixel electrode 206 to improve the state of the orientation
of the liquid crystal.

With the tendency of precisely forming the liquid crystal
display device, the pixel region 201bb is formed precisely.
Therefore, the display capacitance in the pixel region 201bb
is reduced. Even if the TFT 208 having a large OFF-
resistance is constituted to reduce the leak current, the
display voltage is lowered in a periocd in which the gate line



t he nmol ybdenum silicide |ayers 216b and 216¢c are left in the first _
connection hole 213a and 213b in regions c-1 and c-2. Then, the end portion
of "t he nol ybdenum silicide | ayer 216bb is used as a mask to pattern the I TO
| ayer 206a so that the pixel electrode 206 is forned. As a result, a
structure is formed in which the outeT &hds 206x and 216x of the plxel
electrode 206 and the nmolybdenum silicide |ayer 16bb coincide with
each other at positions adjacent to the boundary regi ons between the pixel
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surface o
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resulting ipeflrence potential is applied to the gate line 203a may be
utilized to store a charge in the charge storage capacitance
and improve the characteristics of holding the voltage
applied to the liquid crystal. Furthermore, this embodiment
has an arrangement that the pixel electrode 206 is so formed
to have a large overlapping area on the forward gate
electrode 203a. Therefore, a significant effect in improving
the holding characteristics can be obtained.

Embodiment 9

Fig. 20 is a schematic plan view which illustrates a portion
of an active matrix substrate for use in a liquid crystal
 display device according to Embodiment 9 of the present
invention. Fig. 21 is a cross sectional view taken along
line IX-IX of Fig. 20. Elements having functions
corresponding to those of elements of the liquid crystal
display device according to Embodiment 4 shown in Figs. 8 and
9 and the 1liquid crystal display device according to
Embodiment 8 shown in Figs. 18 and 19 are given the same
reference numerals and their detailed descriptions are
omitted.

Referring to the foregoing drawings, in the pixel region
201bb, the TFT 208 is constituted by the source 204 to which
the data 1line 202a is electrically connected, the gate
electrode 205 to which the gate line 203b is electrically
connected, and the drain 207 to which the pixel electrode 206
is electrically connected. The pixel electrode 206 is a



| nprovenent in the OV OFF ratio. In the region d-2 shown in Fig. 13 (d),
the pixel electrode 206 made of the | TO |l ayer and the drain 207 nmade of
silicon are electrically connected via the nolybdenumsilicide | ayer 206a.
Therefore, the contact resistance can be reduced as conpared with a case
where the pixel electrode 206 and t he~dfA4&in 207 are directly connected to
each other. As a result, the display quality can be inproved. Al t hough
the pixel region 206 is formed below the black matrix 216 in either case of
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VI -VI of Fi gpositions above the data lines 202a, 202b, the gate lines

203a and 203Db. Each pixel electrode 206 has a wide

overlapping area on the forward gate line 203a.

As for the cross sectional structure of the pixel region
201bb, the source 204 and the drain 207 are formed in the
polycrystalline silicon layer 210 formed on the surface of
the transparent substrate 209 except for the channel region
211. On the surface of the TFT 208, the lower-layer-side
interlayer insulating film 213 made of a silicon oxide film
is deposited which has the first connection hole 213a and the
second connection hole 213b formed therein. The data 1line
202a made of an aluminum layer is electrically connected to
the source 204 via the first connection hole 213a.

Oon the other hand, the stacked electrode layer 214 is
electrically connected to the drain 207 via the second
connection hole 213b. Although the surface of the lower-
layer-side interlayer insulating film 213 has projections and
pits reflecting the shape of the TFT 208, the stacked
electrode layer 215 is formed to extend to a position above
the flat region 208a (on the region in which the TFT 208 is
not formed) in which the TFT 208 is not formed. Therefore,
the surface of the stacked electrode layer 214 formed on the
region 208a is flattened. Furthermore, the upper-layer-side
interlayer insulating film 215 made of a silicon oxide film
is formed on the surface of the transparent substrate 209.
In addition, the pixel electrode 206 is formed on the surface
of the upper-layer-side interlayer insulating film 215. The
pixel electrode 206 is electrically connected to the stacked
electrode layer 214 via the connection hole 215a of the
upper-layer-side interlayer insulating f£ilm 215. The
connection hole 215 is formed on the flat region 208a in



The liquid crystal display device according to this enbodi nent has
the basic structure simlar to that of the liquid crystal display device
according to Enbodinent 4. There is a difference in only the type of the
liquid crystal to be encl osed between the active matrix and the opposing
substrate. Hence, the sanme reference™ndRerals are given to the
corresponding elenents and their detail ed descriptions are omtted here.
Referring to the foregoing drawi ngs, the liquid crystal display device
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layer. Furthermore, the source layer 202a and the stacked
electrode layer 214 are formed in the same layer, the first
data line 202a; and the first stacked electrode layer are
formed simultaneously, and the second data line 202a, and the
second stacked electrode layer 214b are simultaneously
formed. The material for constituting the second data 1line
202a, and the second stacked electrode layer 214b must be a
material which cannot be dissolved by the etchant for use in
patterning the pixel electrode 206 and which is exemplified
by, besides molybdenum silicide, titanium silicide, tungsten
silicide, tantalum silicide, titanium, tungsten, tantalunm,
and titanium nitride.

In the 1liquid crystal display device according to this
embodiment, the molybdenum silicide 1layer 216bb (the
conductive and light shielding layer) having light shielding
characteristics and conductivity is formed on the surface of
the upper-layer-side interlayer insulating film 215 and as
well as below the pixel electrode 206. The molybdenum
silicide layer 216bb is so formed that its outer end 216x is
positioned above the data lines 202a, 202b, the gate lines
203a and 203b in the boundary regions between the pixel
region 201bb and adjacent pixel regions 201ab, 201ba, 201bc
and 201cb, the outer end 216 being made to coincide with the
outer end 206x of the pixel electrode 206. Although the
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romthe liquid crystal display device acéording to Enbodi nent
t he nol ybdenum silicide |ayers 216bb, 216ab, 216ba... is used

as the black matrix 216. Therefore, the black matrix does not need to be
provi ded on the opposing substrate 230, or the opposing-substrate-side

bl ack nmatri

result, the accuracy in the position alignnent can be

x 231 may be conpl enent ari |46 fornmed as shown in Fig. 15. As a
regarded at the tine

of allowing the two transparent substrates to face each other.
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data lines 202a, 202b, the gate lines 203a and 203b.

In the 1liquid crystal display device according to this
embodiment and structured as described above, each of the
molybdenum silicide layers 216bb.. is used as the black
matrix. Therefore, the position alignment. accuracy is not
critical when the active matrix substrate and the opposing
substrate are allowed to face each other. Purthermore, since
the potential of the molybdenum layer 216bb is in a state
where the same potential as that of the pixel electrode 206
is applied, the state of the orientation of the 1liquid
crystal is not disordered. Therefore, excellent display
quality can be obtained. Furthermore, the black matrix 216
is constituted by the molybdenum silicide layers 216bb...
which are electrically independent in each pixel. Therefore,
even if the molybdenum silicide layer 216bb and the data line
202a are in a short circuit state, only a point defect in the
display in only the foregoing pixel region 201bb takes place.
As a result, the reliability of the liquid crystal display
device is excellent.

Since the data line 262a of the liquid crystal display device
according to this example is formed into a redundant
structure, excellent reliability can be obtained.
Furthermore, also the stacked electrode 214 is constituted by
the first stacked electrode layer 214a constituted by the
aluminum layer and the second stacked electrode layer 214b
constituted by the molybdenum silicide layer. In addition,
the pixel electrode 206 made of the ITO layer is electrically
connected to the first stacked electrode layer 214a made of
the aluminum layer via the second stacked electrode 1layer



Also in the liquid crystal display device according to this enbodinent, a
TFT 308 is constituted by a source 31la to which a data line 302a is

el ectrically connected and a drain 311b to which a pi xel el ectrode 306 is
electrically connected in any pixel region such as a pixel region 301bb (a
first pixel region) which are fornmed-b¢#7sectioning with vertical data

| ines 302a, 302b... (signal lines) and horizontal gate |ines 303a,

303b... (scanning lines). Although the TFT 308 is arranged simlarly to
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anor phous silicon |ayer (the source 31la and 311b). The pixel electrode 306
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I nsul ating, f' | m%omed on different layers, leading to that a risk of
short circuit can be eliminated. Therefore, the end portion
206x of the pixel electrode 206 can be disposed to reach a
position above the data line 202a. As a result, a maximum
aperture ratio can be maintained. Furthermore, since the
pixel electrode 206 exhibits an effect of shielding the data
line 202a, the potential of the data line 202a does not
disorder the orientation of the liquid crystal. Therefore,
the display quality can be improved.

Since the pixel electrode 206 is in a state it is stacked
while interposing the stacked electrode layer 214, the
connection holes 213b and 215a of the lower-layer-side and
the upper-layer-side interlayer insulating films 213a and 215
are both formed into structures having a low aspect ratio.
Therefore, the electrically connected portions in the
connection holes 213b and 215a exhibit excellent reliability.
Furthermore, the surfaces of the stacked electrode layer 214
and the upper-layer-side interlayer insulating film 215 has
projections and pits reflecting the shape of the TFT 208.
However, the connection hole 215a of the upper-layer-side
interlayer insulating film 215 is formed on the flat region
208a in which the TFT 208 is not formed. Therefore,
excellent reliability is attained in the contact between the
stacked electrode layer 214 and the pixel electrode 206 and a
low contact resistance is exhibited. Furthermore, the
connection structure thus arranged exhibits another effect of



The liquid crystal display device according to this enbodi nent has
a nolybdenum silicide I|ayer 316bb (a conductive and light shielding

| ayer) formed on the surface of the interlayer insulating film 313 and as
wel | as bel ow the pixel electrode 306. The nol ybdenum silicide |ayer 316bb
Is so forned in the boundary regi ons betseen the pixel region 301bb and

adj acent pixel regions 30lab, 301ba, 301bc and 301cb that its outer end
306x is positioned above the data |ines 302a, 302b, the gate | i nes 303a and

303b. Alth . ti ht hi h th
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those of the liquid crystal display deV| ce according to Enbodi nent 4,
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of improving the holding characteristics can be obtained.

Embodiment 10

Fig. 22 is a schematic plan view which illustrates a portion
of an active matrix substrate for use in the liguid crystal
display device according to Embodiment 10 of the present
invention. Fig. 23 is a cross sectional view taken along
line X-X of Fig. 22. Elements having functions corresponding
to those of the elements of the liquid crystal display device
according to Embodiment 1 shown in Figs. 1 and 2 are given
the same reference numerals and their detailed descriptions
are omitted here.

Also in the liquid crystal display device according to this
embodiment, the vertical data lines 102a, 102b... (the signal
lines) and the horizontal gate lines 103a, 103b are disposed
to form a lattice. Furthermore, each of the pixel regions
10laa, 10lab, 10lac, 10lba, 101lbb... are formed by sectioning
between them so that a matrix array is constituted. In the
pixel region 101bb, the TFT 108 is constituted by the source
104 to which the data line 102a is electrically connected,
the gate electrode 105 to which the gate line 103b is
electrically connected, and the drain 107 to which the pixel
electrode 106 is electrically connected. The pixel electrode
106 is a transparent electrode made of ITO which is a
conductive and light transmissible material, and is formed to
cover substantially the whole surface of the pixel region



device according to Enbodinment 4 can be attained. For exanple, the
nol ybdenum silicide layers 316bb,.. fornmed in each of the pixel regions
30ibb... is used as the black matrix 316, resulting in that the black

mat r-i x does not need to be formed on an opposing substrate 330, or only a
conpl ementary el enent for shielding oM ight that passes through the data
| ines 302a and 303a is required to be fornmed as a opposing substrate side
active matrix 331 shown in Fig. 17. Therefore, the necessity of
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liquid crystdpterlayer insulating film 115. The molybdenum 5111c1de
.layer 116bb is electrically connected to the pixel electrode
106 via the connection hole 115a of the upper-layer-side
interlayer insulating film 115. The connection hole 115a is
formed in the flat region 108a in which the TFT 108 is not
formed at a position diagonal to the position at which the
TFT 108 is formed in the pixel region 102bb. Therefore, the
molybdenum silicide layer 116bb is electrically connected to

the flat region of the pixel electrode 106.

The 1liquid crystal display device according to this
embodiment is formed into a double layer structure composed
of a lower-layer side gate electrode 105a manufactured by
dispersing phosphorus of 1 x 10201&311\3 in a polycrystalline
silicon layer and having a thickness of 1500 & or less and an
upper-layer-side gate electrode 1layer 105 made of a
molybdenum silicide layer having a thickness of 2000 & or
less. The foregoing double layer structure is formed by
first forming a polycrystalline silicon film to have a
thickness of 10004, and by using phosphorus oxychloride in an
atmosphere of oxygen and nitrogen followed by dispersion at a
temperature condition of 850°C to form the lower-layer-side
gate electrode layer 105a. Then, a 20004 molybdenum silicide
layer is formed by sputtering to stack an upper-layer-side
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Fig. 19 is a cross sectional view taken along line VIII-VIII of Fig.
18. El ements having functions corresponding to those of the el enents
of the liquid crystal display device according to Enbodi nent 4 shown in
Figs. 8 and 9 are given the sane referepce nuneral s. Also in the liquid

crystal display device according to this enbodi nent, the TFT 208 is, as )
shown in Fig. 18, forned in the pixel region 201bb (the first pixel region)

by the source, 204 to which {he dat ine 202a jis electrically connegted
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.In the 1liquid crystal display device according to this
embodiment constituted as described above, each of the
molybdenum silicide layers 116bb... is utilized as the black
matrix 116. Therefore, when the active matrix substrate
formed on the transbarent substrate 19 and the opposing
substrate are allowed to face each other, the molybdenum
silicide layer 116bb serves as a margin in the position
aligning with the black matrix on the opposing substrate.
Therefore, the accuracy in the position alignment is not
critical. Since the potential of the molybdenum silicide
layer 116bb is in a state where the same potential as that of
the pixel electrode 106 is applied,. the state of the
orientation of the liquid crystal cannot be disordered. As a
result, excellent display quality can Dbe obtained.
Furthermore, the black matrix 116 is in an independent state
in each pixel, resulting in that, even if the molybdenum
silicide layer 116bb and the data line 102a are in a short
circuit s}:ate in the pixel region 101bb, only a point defect
takes place in the display.

The 1liquid crystal display device according to this
embodiment has the gate electrode 105 employing a polycide
structure composed of the lower-layer-side gate electrode
layer 105a obtained by dispersing phosphorus in the
polycrystalline silicon layer and having a thickness of 1500
R or less and the upper-layer-side gate electrode layer 105a
made of a molybdenum silicide layer having a thickness of



region 211 so that the source 204 and the drain 207 are formed. A

| ower -1 ayer-side interlayer insulating film 213 nade of a silicon oxide
filmis deposited on the surface of the TFT 208. The first connection hole
213a and the second connection hole 213b are formed in the | ower-1layer-side
interlayer insulating film 213. The d&ila-ine 202a nmade of the al um num

| ayer is electrically connected to the source 204 via the first connection
hol e 213a. - 39 - A stacked el ectrode

| ayer 214 of 1 TO swhi.ch i ndugtive.and,bi. transm ssi bl
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the surface of the transparent substrate 209. The pixel electrode 206 is
formed on the surface of the upper-layer-side interlayer insulating film
215. The pi kel thistredboddBent, el ther i surfaceomctidie t aapper-layer-side

interlayer insulating film 115 has projections and pits
reflecting the shape of the TFT 108. However, the connection
hole 115a of the upper-layer-side interlayer insulating film
115 is, as the flat region 108a in which the TFT 108 is not
formed, formed at a diagonal position with respect to the
position at which the TFT 108 is formed in the pixel region
102bb. Therefore, reliability of the contact between the
molybdenum silicide layer 116bb and the pixel electrode 106
is excellent.

Embodiment 11

Fig. 24 is a schematic plan view which illustrates a portion
of an active matrix substrate for use in the liquid crystal
display device according to Embodiment 11 of the present
invention. Fig. 25 is a cross sectional view taken along
line XI-XI of Fig. 24. Elements having functions
corresponding to those of the elements of the liquid crystal
display device according to Embodiment 8 shown in Figs. 18
and 19 are given the same reference numerals and their
detailed descriptions are omitted here.

Also in the liquid crystal display device according to this
embodiment, phosphorus is, as n-type impurities, introduced
into the polycrystalline silicon layer 210 formed on the
surface of the transparent substrate 209 in the pixel region
201bb except for the channel region 211. As a result the
source 204 and the drain 207 are formed. On the surface of



the stacked el ectrode |ayer 214 via the connection hole 215a of the
upper-layer-side interlayer insulating film215. The connection hole 215a
is"formed on the flat region 208a in which the TFT 208 is not formned. As
a result, the pixel electrode 206 is electrically connected to the flat
region of the stacked el ectrode | ayer—-2%2.- Incidentally, a polyimde |ayer
or the Iike may be enpl oyed as the upper-layer-side. interlayer insulating
film215 to flatten its surface for the purpose of further inproving the
orienting ch C I StI,CS qg Ty i a n
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drain 207' an%h? ‘t%& ie%il%?{éé?rogéaf ?1yll§a‘géx§te§!r§$&§8‘§?lgggrwi%'t Qles
a metal wiring layer hava.ng oxide resistance, electrically
connected to the drain 207 via the second connection hole
213b. The relationship between the position at which the
connection hole 213b is formed and the position at which the
connection hole 215a is formed is so made that the connection
hole 215a is positioned between the connection hole 213b and

the gate electrode 205.

In the 1ligquid crystal display device according to this
embodiment, the molybdenum silicide layer 216bb (the
conductive and light shielding layer) having lighi: shielding
characteristics and conductivity is formed on the surface of
the upper-layer-side interlayer insulating f£ilm 215 and as
well as below the pixel electrode 206. The molybdenum
silicide layer 216bb is so formed that its outline 216x is
positioned above the data lines 202a, 202b, the gate lines
203a and 203b in the boundary regions between the pixel
region 201bb and adjacent pixel regions 20l1lab, 201ba, 201lbc
and 201cb, while being made to coincide with the outline 206x
of the pixel electrode 206.

Although the conductive and light shielding layer such as the
molybdenum silicide layer 216bb is similarly formed in each
pixel region, the molybdenum silicide 1layer 216bb is
insulated and separated from the outer end 216x of any of the
molybdenum silicide layers 216ab, 216ba, 216cb and 216bc in
the adjacent pixel regions 20lab, 20l1ba, 20lcb and 20lbc at
positions above the data lines 202a, 202b, the gate lines
203a and 203b.



In the liquid crystal display device according to this enbodi nent, the

nol ybdenum silicide |layer 216bb (the conductive and light shielding

| ayer) having light shielding characteristics and conductivity is forned on
the surface of the upper-layer-side interlayer insulating film 215 and as
well as below the pixel electrode- 286- The nol ybdenum sili ci de

| ayer 216bb is so forned that its outer end 216c is positioned above the
data |ines 202a, 202b, the gate lines 203a and 203b in the boundary regi ons

bet ween t he pi [ 201b dj Olba,, .
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Therefore, when the active matri x substrate forned on the transparent
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has, on the active matrix side, the lower-layer-side
interlayer insulating film 213 or the upper-layer-side
interlayer insulating film 215 between the layers thereof is
utilized to also constitute a multi-layer wiring structure in
the drive circuit portion. That is, the process until a gate
electrode 441 adjacent to the drive circuit, a gate
electrode wiring layer 442 adjacent to the drive circuit and
the lower-layer-side interlayer insulting film 213 are formed
is performed by utilizing respective processes. Then, the
upper-layer-side interlayer insulating f£ilm 215 is formed
after source lines 411 and 421 adjacent to the drive circuit
have been formed. Then, connection holes 415a and 415b are
formed in the upper-layer-side interlayer insulating film 2185
and the lower-layer-side interlayer insulating film 213. An

¢ aluminum wiring layer 430 is electrically connected to drains
417 and 427 of the n-channel-type TFT 410 and the p-channel-
type TFT 420 via the foregoing connection holes 415a and
415b. The element formed on the aluminum wiring layer 430 is
a surface protection layer 230.

Also in the 1liquid crystal display device according to this
embodiment structured as described above, each of ‘the
molybdenum silicide layers 216bb... is utilized as the black
matrix. Therefore, a similar effect to that obtainable from
the liquid crystal display device according to Embodiment can



- 41 - applied, resulting in that the state of the orientation of the
liquid crystal is not disordered. As a result, excellent display quality
can be obt ai ned. In addition, the black matrix 216 is constituted by the
nmol ybdenum si licide |ayers 216bb... which are electrically independent in
each pixel. Therefore, even if the nolylsdlerum silicide |ayer 216bb and the
data line 202a are in a short circuit state in the pixel region 201bb, only
a point defect in only this pixel region 201bb takes pl ace. As a result,
the reliability I|qU| dISp| Lce i.s_excell ent. In the
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st acked eIec%rod% l.a 214 hgs conduct|¥ o proqlen1ta es é” ace
h ri e clrcul incorporati -channel~-type TFT 410a
and the p-channel-type TFT 420 can be reduced. If the area
of the substrate is the same, the pixel region can be
enlarge. If the area including the pixel is the same, the
size of the whole body of the substrate, that is, the size of

the liguid crystal display device can be reduced.

Industrial Applicability

As described above, the 1liquid crystal display device
according to the present invention is characterized in that a
conductive and light shielding layer is formed on the surface
of the transparent substrate in each pixel region, while
being insulated and separated from the data line, the gate
" line and the pixel electrode of the adjacent pixel regions,
on the boundary regions among the adjacent. pixel regions and
while also being electrically connected to the pixel
electrode in the same pixel region, and the black matrix is
constituted by the foregoing conductive and 1light shielding
layers. Since the present invention has the arrangement that
the black matrix is, together with the matrix array, formed
on the surface of the transparent substrate, the boundary
region between the pixel reqgions and the black matrix can be



in constituting a matrix array. Furthernore, the stacked el ectrode | ayer
214 made of ITOis different froma case where a netal |ayer is used as the
st’acked el ectrode layer in that it has light transm ssivity. Ther ef or e,
even if the - 42 - stacked el ectrode

| ayer 214 is so extended that the pixels5adegion 206 can be easily
electrically connected to it, the aperture ratio of the pixel region 201bb
is not sacrificed. In addition, since the pixel electrode 206 is in a state

where it is er pQsi th d trode 2

connecti on ﬁ%#gﬁég gﬁ gek%%a ?% t He &eéi?aégréﬁieﬁ %e uﬁ%%?l%€§er°r¥de
i nterl ayer BAsuracyag f'rhﬁ:emgeandrhglanmrsoogt thet mi!ftth oofiathen bback
aspect rati ﬁatﬁﬁr %aqr epe! BEnGhESEA| CRlestAM riff.g el mrghpeévbﬁeme in the

connecti on holes 213b and 215a exhi bit excel relia
Fur t her nor e@PEREYTEBEYN RNt Resthermerengeiace that cF’Fé“Pé:lé’ﬁpI%dl%‘éht

formthe StéﬁKéQthQCtlra@@' 214 sheckeitilly domnkiored ai@caﬁpﬂe tHeb . pixel
Ther ef or e, @/ anneptlﬁg resi stance |s eXhlbltighbet en stagggd
el ectrode I8§$P Be4Cartd® t 18pi SN PEERT o FEIIGE

resi stance ktaté wherke tine rsamien gubtiesitimadn ashahditaiof Ahe a:m:ké.heebecmi-ode
e e b ahaYs ISpERa. | IEnaukBres Ynd "BoPALIRY, e CLhA1 bl AN

214 and the~upper yer I'nt er ayer I 'néu
proj ect i onsmahdipi ﬂgwem@ttdxgom%r sth@estate hef TEe2ggientandpn of Hehe

connection b?!;ﬁlaliacygufepyeesﬁtl aaéeﬁweeﬂ d&%”bi&hﬁyeéléﬁ&i’é' agdl 'éﬂé
215 is formed™in a fl"at region 208a i1 n is not forned
Ther ef ore, common electrode and therefore the quality of the display is

excellent. Since the conductive and light shielding layers
are electrically independent in each pixel region, the
influence of a short circuit, if it occurs between the
conductive and light shielding layer and the data line or the
like, causes only a point defect to occur in the display.
Therefore, the reliability of the 1liquid crystal display
device is excellent.

In the case where the conductive and light shielding layer is
provided in the two adjacent boundary regions among the
boundary regions of the adjacent pixel regions, the
conductive and 1light shielding layers are not disposed
adjacently over a wide range. Therefore, even if the
conductive and 1light shielding layers are formed with an

. ordinary accuracy in the manufacturing process, short circuit
between them can be prevented.

In the case where the outer end of the pixel electrode and
that of the conductive and light shielding layer coincide
with each other, the disorder of the orientation of the
liquid crystal generated due to the influence of the electric
field applied between the pixel electrode and the data 1line
can be assuredly covered by the conductive and 1light
shielding layer.



excellent reliability can be attained in the contact between the stacked

el ectrode | ayer 214 and the pixel electrode 206 while having a | ow cont act
resi st ance. Furthernore, the connection structure of the aforesaid type
exhibits an effect of raising the flat portion and flattening the surface

of the pixel electrode 206 to inprove t3e state of the orientation of the

liquid crystal. Wth the tendency of precisely formng the liquid crystal
di spl ay device, the pixel region 201bb is fornmed precisely. Therefore, the

di spl ay Capﬁ&bbﬁﬂ‘iﬁ ' '1:& h€h@' Eﬁleséﬁﬂ' QhveRtibnl, S if eél‘féeéata ﬁ.‘i% férﬁu@&

resi stance 1s COﬂStItUt to reduce

TFT 208 havin
| eak curren®hn ttatﬁ dﬂ?ﬂﬁ&yl\?&etra&é Bs inh@rlayen . &nﬁﬂiﬁﬁr&nﬂn m‘&haﬂ"ﬁ‘e 5‘&
l'i ne pixel electrode stacked - 1&2 theZO?ﬁbndizdwivéel aglied. 1ight

Therefore, there is a endenc hol di nos ract r| st i C

det eri or at e{" rapRpdgpip ﬁﬁ tﬁg‘a%?‘ﬁaw & eEF%%%I Weh! o e@? &H
to this en‘apﬂen‘emayerhslded meanlmyarf i igitdelg ef £ r ade Zﬂ:ﬁw':Sied and
posi ti oned t d 3 o] a t

capacity be vveen q# ﬁlggks%é resu ggf g.%t aY%&E&tltii"giefoé"l;v\g/z} g'gt %hﬁg%e %%a
isin a nondetaedtlm,p&he)ddﬂhaalpeel @nd rthwhi pineheepegbrodegiare 20dpned s
selected angdy! pfie! aligreRentd ArittlialyerS iHRhiddy! ¢ 10 92 ihdrd¥orD 3% Vo

be utilized to store a charge 1n thé charge storage capaci tance and j nprove
the charact &fi sthe s Pdxedo| & ﬁStFﬁ@evo’rst ag¥teppefet? o 1ERCh | Fhed RegAtEien

Fur t her nDr eabbies g EBNLiRRS Ahedl sRGBEMBIFchig! Hettidinetheheanodse
206 1s so fgéggnted. As a result, the portion adjacent to the data
line can be made the display portion and therefore the
aperture ratio of the pixel region can be raised.
Furthermore, the pixel electrode exhibits the effect of
shielding the data line. Therefore, the potential of the
data line does not disorder the orientation of the liquid

crystal. Hence, the guality of the display can be improved.

If the stacked electrode layer also has the 1light
transmissivity, forming of the stacked electrode layer does
not lower the aperture ratio. Therefore, the stacked
electrode layer can be extended to a region which is suitable
to establish an electrical connection with the pixel
electrode. In an example case where the stacked electrode
layer and the pixel region are electrically connected to each
other in a region in which the thin film transistor is not
formed, a structure is formed in which the electrical
connection is established in the flat region. Therefore, the
aforesaid connection portion reveals excellent reliability.
By raising the flat region, the surface of the pixel
electrode is flattened. Therefore, an effect of improving
the state of the orientation of the 1ligquid crystal is
exhibited.

In the case where the end portion of the pixel electrode of
the conductive and light shielding layer is positioned above
the forward gate line, the foregoing gate line and the pixel



-

to have a | arge overlapping area on the forward gate el ectrode 203a.
Therefore, a significant effect in inproving the holding characteristics
can be obt ai ned. Enbodi ment 9 Fig. 20 is a schematic plan view which
illustrates a portion of an active matri x substrate for use in a liquid
crystal display device accordi ng to Ent®ddiment 9 of the present invention.
Fig. 21 is a cross sectional view taken along line [IX-1X of Fig. 20.

El ements having functions corresponding to those of elenents of the
liquid cr yséaécdfaaéafo%vitﬁﬂ; A g@t}ﬂ%; hovg,,

and 9 and tpe |‘Ii ig P& di s ay dr%vcl;%e acc ra{f'ia:l axfboéErr‘oo ge{'%g'gtlﬁbm
in Figs. 18“Bfd41§Pla¥ é Qﬁnﬁhg §§ﬁ§tP§#§Féﬁ§e°ﬁﬁnh?a}ﬁpéﬂﬁe@helr det ai | ed
descriptions are omtted. Referring to the foregoing drawings, in the

pi xel region 201bb, the TFT 208 is constituted by the source 204 to which
the data line 202a is electrically connected, the gate electrode
205 to which the gate line 203b is electrically connected, and the drain
207 to which the pixel electrode 206 is electrically connected. The pi xel
el ectrode 206 is a - 44 -




transparent el ectrode nmade of |1 TO which is a conductive and |ight

transm sgi i and is fornmed to cover substantially the

whol e sumnumm'm#m!]ﬂ, regi on 210bb. The end portion of the pixel

el ectrode 206 1§ exten to positions above the data |ines 202a, 202b, the
gate lines 203a and 203b. Each pi ®8l - electrode 206 has a wde

over |l apping area on the forward gate |ine 203a. As for the cross
sectional structure of the pixel region 201bb, the source 204 and the drain
207 are for | pst BEaPREWCEYSt al ine silicon layer 210 formed on the

surface of the transparent substrate 209 except for the channel region 211.
on the surface of the TFT 208, the |l ower-|layer-side interlayer insulating

film213 nege of & siiqemn eyl | @ikp1dgpoabedeWishphasitige 4 i rstrst
connection hple 213a,aqnd t he second con%ec?i on hol 21§)Ebbfor rret% t her eil;l.

The data | iPEX2b2keFAqR AMNE RI¥ehuReorges feraedcon he ystefaee: &f 13

the source €Pdngpareht bubstratenest iL-tivm@nglIsith d¥td hpineSeandnshtd he
stacked el ectrode | ayer 214 i S e%ectri caIIX connected to the dr 'np20f7ivi a

the second tHATRct FOFERIMe SAMh TINFY nBAERt AEIION: ANFBIATH A im
| ayer-si de tramsisyer hawingt igséwioe 218ohsbiphojaecpobestiall fist applied
reflecting ¢06,ShaReqof ghts TEIn%Q% EE& Spﬁﬁﬁedeikﬁfégggg‘? | RYET whliTH S a
formed to extend to_a _position above the fFat region a (on_the region in
whi ch the Teqtemkial ist applded) fruemusaid tJaterrines, i3 paxeflomdastrode

Therefore, ¢heygychage pofterdall AP he! AHIRAE VAVE dsdih0bFPEaln tWifin

region 208a_js flattened. Furthernore, the upper-|layer-side interlayer
i nsul ati ng ¥+ $¥8ngdgeor And |3 c6RNERFEEVE PR slailq}?‘?reﬂhbﬁlﬁﬁﬁgs YR
of the transqmaiedt isubatr diemst)9onén badgidargyn, rédibompi beltweletiCt sall® Hibedls

215 he iSafll 8RR, B SoGRMELBLkely Feglehe AT 10 T rihared
el ectrode |atykrseparated: Hxramorarist i dataolénes5andf saisl uppke - Lines, siahel
interlayer %ieé%&%fééfﬁy Eblzugggﬁéi to said pieICWYERAIGHL "OFesdia iSirst

formed on t t region I n
pixel region.

2. A liquid crystal display device according to claim 1,
wherein said conductive and 1light shielding layer has an
outer end positioned on a boundary region between said first
pixel region and said second pixel regions.

3. A liquid crystal display device accbrding to claim 1,
wherein said first pixel region has said conductive and light
shielding layer in any boundary region to said second pixel
region, and said first pixel region is sectioned from said
second pixel regions by said conductive and light shielding
layer.

4. A liquid crystal display device according to claim 1,
wherein said first pixel region has said conductive 1light
shielding layers in two boundary regions among said boundary
regions from said second pixel regions, and is sectioned from
said second pixel regions by said conductive and 1light
shielding layers and said conductive and 1light shielding
layers that are present adjacent to two other boundary
regions adjacent to said second pixel regions.
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- 45 -  —which—the TFT is not formed. Therefore, the pixel electrode 206 is
el ectri cal he flat region of the stacked el ectrode |ayer
214. l E"In Emﬂe@m my devi ce according to this enbodi ment, the data
l'ine 202a *WI ring structure constituted by a Iovver si de
first data line 202a, fornmed by an alun®hum | ayer and an upper second data

line 202a2 formed by a nol ybdenum sui cide | ayer. Al so the stacked el ectrode
| ayer 214 is constituted by a |Iower first stacked electrode | ayer 214a nade

of an alumnumla er ]g%ggg sﬁ%ﬂ :pﬂfgl e 1
of a nol ybdgnum Si ?ﬁg‘fa ]Fur ern% e‘ﬂee sourc & éﬁéaégﬁg%?ﬁe
st acked el e@lad@es | &yé?O 214 éfl@rf@mreaubﬁt@n‘élsahﬁ |tf§5¢erwh9¥e fsurfacmt 8F

line 202al gadd haalthar stinkacked s eql r adgtbay et 8i§ f @ied a whta.&aa ahy,
and the secqnd data |ine 202a2 and t he, second ste}%c ed el ectrodge Iaﬁ 14b
|

are sinulta aFing fehlm, GRVERRE LD 3t LenRti etihey £AidsEes g
line 202a2 aimd tmﬁ;wecgnﬂesaﬁﬁgemayéﬁchho%ﬂdamr&b%ﬂamig Qemexrairaqi@h

whi ch be d lved f th |
ol ect rode 208 idnFendnctiyen da LRl | MieRaAd, BAVEE hr ka1 Bpgona
titani um si piiciede regirgs tagijasidntc ivde, siedit dlagn diihiegi de, titani um

tungsten, tantalum and titaniumnitride. In the liquid crystal display
devi ce according to this
6. A liguid crystal display device according to any one of

claims 1 to 5, wherein either said pixel electrode or said
conductive and 1light shielding layer is electrically
connected to said drain wvia a connection hole of said
interlayer insulating film, and the residual one is
electrically connected to either said pixel electrode or said
conductive and light shielding layer.

7. A liquid crystal display device according to claim 6,
wherein said pixel electrode and said conductive and 1light
shielding layer are formed via an upper-layer-side interlayer
insulating film formed on the surface of a lower-layer-side
interlayer insulating film which is said interlayer
insulating film, and are electrically connected to each other
via said connection hole of said upper-layer-side interlayer
insulating film.

8. A liquid crystal display device according to claim s,
wherein at least a portion of either said pixel electrode or
said conductive and light shielding layer is formed on the
surface of the residual one and they are electrically
connected.

9. A liguid crystal display device according to claim 8,
wherein the outer ends of said pixel electrode and said
conductive and 1light shielding layer substantially coincide
with each other. .



enbodi nent, the nolybdenum silicide |ayer ~216bb (the conductive and

l'i ght shi ' f i ng light shielding characteristics and
conduct i vmm“mmm!!um} he surface of the upper-|layer-side interlayer
insulating*ilFmRl5"and as well as below the pixel electrode 206.

The nol ybdenum silicide |ayer 216bb-ieose fornmed that its outer end 216x

I s positioned above the data |ines 202a, 202b, the gate lines 203a and 203b

i n the boundary regi ons between the pixel region 201bb and adjacent pi xel
regi ons 201ab, 2Qlha, .201bc_and 20ich.. the ouier end 2 ej ng_nade_to

coi nci de vmjlt%H thg‘ g‘lﬁ%‘}l%n‘gr%fo lﬁ%%&%‘f“’e*f e%‘f?%ﬁ%ﬁ}%é:‘) an¥t RB%g R he
- 46 - caxiguiots vk &od 5 giWwherkinl diitheraysaiduphxel eleatriodedcommsaid
silicide | i's r megl; L. eagh spi ey th I

silicide I%gdﬁ% i sali"%su.l £ %qn%&%&?ﬁ?ﬁed Yoper e é?@%ﬁ%&‘ﬁé}yﬁ
each of theomegwchukai |saidie duaisy s VAsGap, stesked2]1edpchredelcbavilda he

adj acent piceHaucdvainsy 2Qhad. e ORI cZDilf D coihedRbaC 8b PAFId | @i idDOVAS he
data lines 2Q2a, 202b,. the a;e | i nes ,203a .and 203b., ln the I|g£!|nd
ot hl i eaa crmpent Lok AALS (oF 0 Saifs vaideven inenlhting f Llng, and
dﬁsc[) : beg a:tm&veresa$’aamf ohe nal y@ﬂe@t_:m_icsﬂi}lc! dennayted 26bkither useddas
t he ac I2X. ef or 0Si 4] | CCUl .

critical W%E—%Jetlh & 1ae(§{+‘ ?\r/oe& enacfel} i%(aq;%u %ﬁ%%}cg:qg% d aﬁﬁreni géf)%s %ﬁ& %é'éﬂ'g‘%r QT%&earr'e

allowed to face each other. Furthernore, since the potential of the

mol ybdenumysayer 2 ithiie beydesi Shsplsy Cableor MeRHIRY Ao 51484 19),
PI X8 wherein said stacked electrode 1layer also has light

transmissivity.

12. A liquid crystal display device according to claim 11,
wherein both of said stacking electrode layer and said pixel
electrode are constituted by ITO layers.

13. A liquid crystal display device according to claim 11
or 12, wherein said pixel electrode has the outer end
positioned above said data line.

14. A liquid crystal display device according to any one of
claims 10 to 13, wherein said stacked electrode layer is
formed to reach a non-formation region in which said thin
film transistor is not formed, and said pixel electrode is
electrically connected to said stacked electrode layer in
said non-formation region.

i5. A liquid crystal display device according to any one of
claims 10 to 14, wherein said data line includes a first data
line electrically connected to said source of said thin film
transistor wvia a first connection hole of said interlayer
insulating film and a second data line electrically connected
to the surface of said first data line to constitute a multi-
wiring structure, and said stacked electrode layer includes a
first stacked electrode layer electrically connected to said
drain of said thin film transistor via a second connection



I's applied, the state of the orientation of the liquid crystal is not

di sor der excellent display quality can be obtai ned.

Fur t her mn mmﬁ ‘m lmt rix 216 is constituted by the nol ybdenum silicide
| ayers 216bbe ..t wifich atfe electrically independent in each pixel

Therefore, even if the nol ybdenum sil4 aide- | ayer 216bb and the data |ine
202a are in a short circuit state, only a point defect in the display in
only the foregoing pier region 201bb takes place. As a result the
reliability _of th al di 5 devi c S ex | ent e the
Gata 1 ne Jp94eopE, (At Giftdsidved Hhellpbiiyclild SPACA Thpqne K
exanple is émeatdodatdageme@umdamucaﬂﬂycmwmapctedxmdItha sunﬁaaﬁn¢ft9aid
can ng t a he stacked el ectrode 214 is
constltutedggggth FgéF %?%c 3 dglgégr%de | ayer 214a constituted by the
alun1nun1layer and the second stacked el ectrode |ayer 214b constituted by

the nol ybdepym si Al qa&alhawystdln &{Bisiaprae&f& paéebrskﬁet 'i:%dQ:l?aﬁ@u nﬁde

of the I1TO layer ,is electr,ical connect ed |rst st acked €] ectroge

| ayer 214a WagEedn ead a|fe1ﬁ%#u drlng é“’tdhéaéé’c st fhacked Rieghkode
| ayer layer are made of a same matefial, add4hlBedeadll tdwcord ydaeaum

silicide layer. As a'resuylt, siJiciLde.,l ayer acts
contact |ay f‘nﬁeﬁﬁgjeins?ﬁ g?f%%ﬁ?f‘{]h%l %’Fﬁ%ﬁn%?¥§5 rreesﬂ?af’nfq n*a
reducti on | saméemataeriail. reS|stance bet ween t hem Furthernnre, since the

nol ybdenum silici de constitutes the upper second stacked el ectrode |ayer

214b, the stacked el ectrode |ayer 214 is not
17. A liquid crystal display device according to any one of

claims 10 to 16, wherein a drive circuit formed on the same
substrate, on which an active matrix having said first and
second pixel regions is formed, has a multi-layer wiring

structure in which wiring layer are electricallf connected to
said interlayer insulating film formed adjacent to said
active matrix wvia an interlayer insulating film present in
the same layer in which said interlayer insulating film
formed adjacent to said active matrix.

18. A liguid crystal display device according to any one of
claims 1 to 17, wherein said gate electrode and said gate
line have intrinsic polycrystalline silicon layers or
polycrystalline silicon layers containing phosphorus by 1 x
102%/cm® or less and silicide layer made of high melting
point metal formed on the surface of said polycrystalline
silicon layer and constituting said multi-wiring structure.
19. A liquid crystal display device according to any one of
claims 1 to 18, wherein at least either said pixel electrode
and said conductive and light shielding layer has the outer
end adjacent to the forward gate line at a position above
said forward gate line.

20. A method of manufacturing said liquid crystal display
device according to claim 9, comprising a step of patterning
a lower one of said pixel electrode and said conductive and
light shielding layer in a manner that the outer end of an



damam when the pixel electrode 206 is forned by etching.
Furtamnmmu | ine 202a and the pixel electrode 206 are forned on
diTfem ' a,' mel ng to that a risk of short circuit can be

el i mi nat &d. * Theref o€, the end portion 206x of the pixel electrode 206 can
be di sposed to reach a position above-tdpe data line 202a. As a result, a
maxi mum aperture rati o can be nai ntai ned. Furthernore, since the pixel
el ectrode 206 exhibits an effect of shielding the data |ine 202a, the
potential of the data |ine 202a does not disorder the orientation of the

*

liquid crysPRPET #¥ed And & nask sprEyugeaint padderpd ngntihe, atbper Slayer
the pi xel eheetusdda A86maskis) a state it is stacked while interposing the
stacked el ectrode | ayer 214, the connection holes 213b and 215a of the

| ower -1 ayer-side and the upper-layer-side interlayer insulating filns 213a
and 215 are2bet h Aomedthadht of smanuifactsriay maial | bigqabdecrystialo. display

Therefore, e %4(%?1! C .l o | conngction
hol es 213b g%g§§?5§%%% [ |tgl Beefcgﬁq'lggﬁlt fl(rascejlﬁogl&&lg'istg‘&%?u% hgeérl' rogt,n FrFLng a
surfaces of fifetspedycrydtediling sihligon18ilmdtohsamecras agesaginde and

interlayer gpayhati+8§ibh! MardS da 1ICT i oMo t ef ' t
shape of the TFT 208.61H0wever; a'?he%tic?!{)ﬂra{lr]é(}cti on r?gpe°§15gh%f %ﬁgfaeg o a
upper - | ayer “ERREPAREBE| SRPStIAkR it AngSHeP nof1sEPEming n@dd gateneleqkrode

regi on 208ainsulathhgh ftilm ®RT tBRS surfarel oformdad poliRhSfst¥£lline

excel | ent re %igl | i tfﬁﬁi S, atta'&__ned |§n %he c.qtn.t act between the stacked _ ..

el ectrode 13 Matandi n2 BriB o4 STRVYEE AngegopdwP rygtalline

resi stance sibicerhifbilmedelow Furidcheyake eeledtheodonmedt saidsyate! Winhd hus

arranged exptdht 3 ddr Sl Pnddphorus in said second polycrystalline
silicon film at a temperature of 850°C or lower; a step of
depositing a silicide layer of high melting point metal above
‘said gate electrode and said gate line; and a step of
simultaneously patterning said second polycrystalline silicon
film and said silicide layer of said high melting point metal
to form said gate electrode and said gate line.
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- 48 - inproving the state of the orientation of the liquid crystal
because the flat portion is raised and the surface of the p| xel el ectrode
206 is flattened. Furthernore, the liquid crystal
according to this exanple has an arrangenent that Img fgmg'yplmg BEEN ¢f the
pi xel el ectrode is positioned above the gate |ing 203apanghithe pi xe¢l
el ectrode 206 has a w de overl appi ng ar®3 on the rode
203a. Therefore, a significant effect of inproving the hol ding
characteristics can be obtained. Enbodi ment 10 Fig. 22 is a schematic

i ; l L6 for use

' ' t he
present invention. Fig. 23 is a cro§§E§§§ékonal V|em1taken along line X-X
of Fig. 22. Elenents having functions corresponding to those of the
el ements of the liquid crystal display device according to Enbodi nent 1
shown in Figs. 1 and 2 are given the sane reference nunerals and their
detail ed dexxygmRaA@ns are onitted here. Also in the ligquid crysta
di spl ay device according to this enbodinment, the vertical data |lines 102a,
102b... (the signal lines) and the horizontal gate lines 103a, 103b are
di spos ed t oAsorshewh atini Gig. a:urbhmkmmatr&eeb qi216h)e mdee! of efioQ

Fhabhlaa,

SO areiai MPAe - (B1EREOIIPLRY, STRY CLBY B “Bikel  Tedlanl
(201bb...), also provided on a transparent substrate (209)
having a matrix array, the molybdenum layers {216bb) are
insulated and separated . from data lines (202a, 202b, gate
lines 203a, 203b) and surrounding molybdenum silicide layers
(216ab, 216ba...) on the boundary regions from the
surrounding pixel regions, but are electrically connected fo
a pixe'l electrode (206) of a pixel region (201bb). The outer
end of the molybdenum silicide layer (216bb) and the outer
end of the pixel electrode (206) coincide with each other.

T




pi xel region 101bb, the TFT 108 is constituted by the source 104 to which
the data line 102a is electrically connected, the gate electrode 105 to
which the gate line 103b is electrically connected, and the drain 107 to
whi ch the pixel electrode 106 is electrically connected. The pixel

el ectrode 106 is a transparent el ectrode made of I TO which is a conductive
and light transm ssible material, and is forned to cover substantially the
whol e surface of the pixel region - 49 -
101bb. On the surface,of the TFT 108,71:<hﬁyomer-l ayer-side interlayer
insulating fil A@;néﬁe of a silicon oxide filmis deposited. The

| oner -l ayer-side interl r insulating film 2113 has the first connection
hol e 113a and the secoqu nnection hole 113b therein. Thd02ata |ine 102a
made of an al um num | a i s el ect 116ad | yi0d@bnedtdéx to the Squrce 104 via
the first connection h 113a. O the other hang, the p
Is electrically connec frain 10 18 the\ second
113b. Furthermgre, t Er L W] ayeén i nsu
made of a silicdflaq; surfate of
substrate 109. The ef 146bb is

e d ode 106
e hol e
115

surface of the u I . The

nmol ybdenum sili 1 i xel

el ectrode 106 v¥a—th 0 b b ’# I

i nterlayer insiiB@ti h 115. The e 11 Hflgrmed in“the
flat region 108a in wh the TFT 108 is not fornmed at|a $11t I on di agonal
to the position aﬁég&ﬁi . he TFT 108 is formed in the pixeH|egigbt02bb.
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mol ybdenum si licide |layer 116bb is electrically connected to the flat
region of the pixel electrode 106. The liquid crystal display device
according to this enbodinment is formed into a double |layer structure
conposed of a |l ower-layer side gate el ectrode 105a nmanufactured by

di spersi ng phosphorus of 1 x 10[err]/cnferr] in a polycrystalline silicon
| ayer and having a thickness of 1500 [err] or less and an upper-| ayer-side
gate el ectrode |layer 105 nade of a no 6dﬁn silicide | ayer having a

t hi ckness of 2000 A or | ess. The foreg g’ doubl e | ayer structure is
formed by flggz ng a polycrystalline silicon filmto have a thickness
of 1000A, and by u5|ng1@hmsphorus oxychloride in an at nospHéEle of oxygen

and nitrogen foll owed erature condi t+t~on of 850[err]C
to formthe | ower-layg ng@ctrom@ayer 105a. T é qgﬁlQOO[err]
t4-eking to stac

- 50 -
iy ing CF
UM

di sper si

upper - |l ayer - si de
| ayer 105b follo
Assum ng that the conpG

\*2

MoSi[err], it is( TN [V rom 2.0
to 3.5. If the(\ | : e 4 g —t tance
val ue becones o‘Tér C.z [ order to prevent gener 1 0 H | r it is
sui tabl e that1 in a neighborhood of 2.5. In pjigfee-of the
mol ybdenum si Lj 'i. ten silicide or titaniumsilici@g e
enpl oyed. Ei%:rlx g ¥1§3C
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In the liquid crystal display device according to this enbodi nent
constituted as descri bed above, each of the nolybdenumsilicide | ayers
116bb. .. is utilized as the black matrix 116. Therefore, when the active
matri x substrate forned on the transparent substrate 19 and the opposing
substrate are allowed to face each other, the nolybdenum silicide |ayer
116bb serves as a nmargin in the position aligning with the black matrix on
t he opposing substrate. Therefore, the accuracy in the position alignnment

is not critical. Since the potential 93 e nnlybdenun1S|I|C|de | ayer
116bb is in a state where the sane potenti as that of the pixel
el ectrode G.s f;hpplled the state of t he orientation of the liquid

crystal cannot be disorg¢pped. As a result, excellent %ﬁégy qual ity

can be obtained. F er nor e, nh§bblaﬁngmatr|x 116 is i |ﬁﬂ5pendent
state in each pixel, r fiting in yhat, €ven if the nol ybddn Hd&lde
| ayer 116bb and the datja iH Lo , hort circuit t he
pi xel region 101bb, d¥y—x"pefl n¥ t s;4pl ace in th . The
liquid crystal _di sghfayy [VrGe” ggcordp klo this ent s the
gate electrode 1 oW poryeh A Ugflur e _copposgd X -
| ower - | ayer - si de,gat-d—et o6t oae B v ng
phosphor us |r1f{ YA j A g L ckness of
1500 A or Iesthnd t hepfugper - [ ayer - si de gate el ectrode Tayg~JU5a nade of a
nnlybdenun1si|lcﬂa@ | gy&1 | havi ng a t hi ckness of .
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- 51 - 2000 A or less. However, the filmthickness of it and the
quantity of the introduced inpurity are optim zed to prevent generation of
cracks. Therefore, the resistance of the gate el ectrode 105 and the gate

| ines 103a and 103b can be |lowered. Furthernore, generation of cracks in
the lower- layer-side interlayer insulating film 113 and the upper-

| ayer-side interlayer insulating filn1%&2/bzq7be prevent ed. In this
enbodi ment, the surface of the upper-layer-Si‘de interlayer insulating film
115 has projections and pits reflecting the shape of the TFT 108. However,
the connection hole 115a of the upper-layer-side interlayer insulating film
115 is, as the flat region 108a in which the TFT 108 is not forned, forned
at a diagonal position with respect to the position at which the TFT 108 is
formed in the pixel region 102bb. Therefore, reliability of the contact
bet ween the nol ybdenum silicide |ayer 116bb and the pixel electrode 106 is
excel | ent. Enbodi nent 11 Fig. 24 is a schematic plan view which
illustrates a portion of an active matri x substrate for use in the liquid
crystal display device according to Enbodi nent 11 of the present invention.
Fig. 25 is a cross sectional viethgken algng line XI-XI of Fig. 24

El enents having functions corregpgqg;pg o those of the elenents of the
liquid crystal display device according to Enbodi mrent 8 shown in Figs. 18
and 19 are given the same reference nunerals and their detailed
descriptions are omtted here. Also in the liquid crystal display device
according to this -
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enbodi ment, phosphorus is, as n-type inpurities, I ntroduced into the
polycrystalline silicon |ayer 210 forned on the surface of the transparent
substrate 209 in the pixel region 201bb except for the channel region 211.
As a result the source 204 and the drain 207 are forned. On the surface of
- 52 - the TFT 208, the |lower-layer-side interlayer insulating film 213
made of a silicon oxide filmis deposit he | ower- | ayer-side
i nterl ayer insulatihg:3%$g1 3 has the Tirst “‘connection hole 213a and a
second connection hoFe b¥t herein. The data line 202a is electrically
connected to the source 204 via the first connection hole 213a. The
st acked el ectrode | ayer 214 § of a chrone |ayer iZZ s a netal wiring
ey el e

| ayer havi ng oxi de resi : ectrical o] 40 th in 207 via
t he second connection h 3D, @Qﬁﬁgngmﬁﬁ }W@ 2ggggosition at
whi ch the connection hol &6 S t which the
connection hole 215a is forned ils so de tha{ the cpnnegli Q@%e 215a is
positi oned between the copm ti L IP-ansho-gat ered cg e 205.

In the liquid crystal diéﬁ d gt of JMC dlnent t he

mol ybdenum silicide 21ptb t he ducti vepandsli gbpigebi el di ng
| ayer) having |ight Shléﬁ&l cHar o836 i st 28X and cq Hyc vit%‘qﬁs formed on

the surface of the upper- r- dﬁx;nterlgger i nsul filmodd and as
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well as below the pixel electrode 206. The nol ybdenum silici de

| ayer 216bb is so forned that its outline 216x is positioned above the data
|l ines 202a, 202b, the gate lines 203a and 203b in the boundary regions

bet ween the pixel region 201bb and adjacent pixel regions 20lab, 201ba,
201bc and 201chb, while being nade to coincide with the outline 206x of the
pi xel el ectrode 206. Al t hough the C02€UCtI and |ight shielding | ayer
such as the nol ybdenum silicide | ayer aﬁbfxg simlarly formed in each

pi xel region, the nnlybdenun1 silicide layer 216bb is insulated and
separ at ed fron%%giﬂgy end 216x of any of the nolybdenum silicide |ayers
216ab, 216ba and@16bc in the adj acent pi xel regions 20l1lab, 201lba,
201cb and 201bc at positions above the datazﬁ;nes 202a, 202b, the gate

| i nes 203a and 203b. - t he
liquid crystal display dev?%')é1 a};@grj% Z %P Bgdizpéﬁt , a Hive circuit

for actuating the actiy né h < t he
transparent substrat CImﬁS im:fmg : 27.
Fig. 26 is a Cr?ff sacti ongr—viewrwicir—i| | tes—tie—CMOScitcui tf for
the drive circ |g.‘2?—%s—%§§fan—vfbm1 f thé‘tﬁtf?srrﬁurr" As\ shown
in the foregoing drayings, an nZ annel-typa TFT 41Q\ 208
209
J
206a  216a
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and a p-channel -type TFT 420 are forned simultaneously with the active
mairi x portion. A fact that each of the gate el ectrode 205, the data |line
202a and the pixel electrode 206 has, on the active matrix side, the

| ower -l ayer-side interlayer insulating film213 or the upper-I|ayer-side
interlayer insulating film 215 between the |layers thereof is utilized to

al so constitute a nmulti-layer wiring Sékikj einthe drive circuit

portion. That is, the_process until | ectrode 441 adjacent to

the drive circuit,F ACz. Gdte electrode wiring | ayer 442 adjacent to the
drive circuit and the |Iower-layer-side interlayer insulting film213 are
formed is performed by utilizing respective processes. Then, the

upper -1 ayer-side interlayer i | at i ng f|| 5 is f d after source
i nes 411 and 421 adj ace ﬂﬁﬁ% drlvq t hav en med. Then,
connection hol es 415a and Z4IShlare taLm - lgicde
interlayer insulating filpr2t ot he Fowerta e+ | ayer
insulating film213. An mnrlng Iay:r 430 is eIecerq@BQy
connected to drains 417 9§ ! l.uneLgrvnp TET and the

;-rolec 15a and 415b.
g a S rf%ﬁ protection
g dc( 1 to this
p tet-bflenum si | i ci de
gt gfore, fa simlar
/5/@ | ay |devizZiébbccor di ng
34 201bc

p- channel - type TFT A9
The el ement forned on t
| ayer 230. Also in the |
enmbodi nent structured as d
| ayers 216bb. ..

effect to that obta?hgb

t o Enmbodi nent can
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be obt ai ned. Furthernore, the following effects can be obtained.

That is, the fact that each of the gate el ectrodes 205, the data |ines 202a
and the pixel electrodes 206 has, on the active matrix side, the

| ower -l ayer-side interlayer insulating film213 or the upper-I|ayer-side
interlayer insulating film 215 between the.layers thereof is utilized to
formthe alumnumwring |ayer 430 having a nulti-layer wiring structure to
correspond to the drains 417 and 427 of EP channel -type TFT 410 and the
p- channel -type TFT 420. Therefore, d?such as short circuit between
the wiring Iayer%;§%§5 t ake place Furthernore, since the nulti- |ayer
Wring structure or , the area required to formthe drive circuit

i ncorporating the n-channel -type TFT 410a and thg p-channel -{ype TFT 420
can be reduced. |If the area of the substratQ_Estlhe sane, ke pi xel region
can be enlarge. |f thelldgea 204« u81319 B2 pi X4Bai s tAéasa?isbh t he size of

t he whol e body of the sqbst A= %, the silze-afthe 1i\quid crystal

di spl ay devi ce can hesF&j dzzzg\Lll,\_ i AP | ieabi ty As descri bed
above, the |iquid c}ysta-—d+sg d " AC C Of-B-hg—toi+t-he t invention
IS characterlqeg)in that 4 con ctl e ang/ 1ight hlel‘lng ayer is forned
on the surface of the tramgpareft supstr§ te in eagh pijxel negiop, while
being insul ated and Separaf v 0 it ergate—++re and t he

pi xel el ectrode of the a@acen(%i xz)7 regl o9, 02()& heQsoun@y regi ons
anong the adj acent- pixelTegreas—and while al so—bernrg—etectrically
connected to the pixel elecidde in ébe sane pi xel 208g9i on, and the bl ack
matrix is constituted by the foregoing nductive and |ight shielding

| ayers. Since the present invention has the arrangenent that
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the black matrix is, together with the matrix array, fornmed on the surface
of the transparent substrate, the boundary regi on between the pixel regions

and the black matrix can be - 55 -

aligned in ternms of the position with a satisfactory accuracy.
Therefore, the margin of the width of the black matrix can be m nim zed,
resulting in an inprovenent i-n the apertg? 1?{ Furthernore, since the .
conductive and light shielding |ayer is ec caIIy connected to only the

pi xel electrode in th¥FAde Pékel region, the potential is in a state where
the sane potential as that of the pixel electrode is always applied.
Therefore, the potential of the black nmatrix does not disorder the state of
the orientation of the |iquidygystal present betweeny pi xel el ectrode
and the conmon el ectrodeZgiad therefore tipdlgpal ity of Ghe diZffda@y is

excellent. Since the condlighi ver ( ?%g%% are
el ectrically independent § g 4 vard) e of a short
circuit, if it occurs betmeeh the conductive and |ight sHiel R0Bal ayer and
the data line or the Iik , 3 toPigecur in the
di splay. Therefore, the reli bi I y of the liquid crj t di splay device is
excel | ent. In the case wh¢re m e conductive and | ilgt ielding layer is
provided in the two adj acent}poypdary regi ons anong e undgﬁﬁ regi ons
of the adjacent pixel r&j oﬂ , 208 he ﬁ@ﬁﬂuctive g I; bt di ng
| ayers are not dispose%. ' Y - 5\,f
Oha 7} 4 l 205 1N
% ¢ 207 ¢ 4 216
1 7 K- 216bh
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adj acently over a.w de range. Therefore, "even if the conductive
and light shielding layers are fornmed with an ordinary accuracy in the
manuf act uri ng process, short circuit between them can be prevented. In
the case where the outer end of the pixel electrode and that of the
conductive and Iight shi el ding | ayer coincide with each other, the disorder
of the orienta ége liquid crya&&l erated due to the influence of
the electric f| ﬁ* ed between t pfig? el ectrode and the data |ine
can be assuredly covered by the conductive and |ight shielding |ayer.

According to the presggb,invention, if the data line f d on the
| ower - | ayer - si de inteLEgg |nsulat|ng filng.gd t he pL%gﬁ? el ectrode
¢ ar

stacked by the copduig ive and light t m ssi bl cked el ectrode
ot 3 2 o e ' qggggng filmare
RZFRE i ;%@ ve the data

| ayer and for ned
provi ded and it

i
line, the data |4 q ferent
i nterl ayer insultlng A i . Therefore, even jf the pi elftel ectrode is
extended to reach thg ition above the data |ine, tya nort circuit
between them can be ffedented. As a result, the portipy djacent to the
data |line can be nad; t di spl ay portion and theref ¥ Se ture ratio
of the pixel regil{df an be rai 3¢%b Furthernorejjh el ectrode
exhibits the effect [df 316bb /5/ |
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shielding the data line. Therefore, the potential of the data |ine does
not disorder the orientation of the liquid crystal. Hence, the quality of

t he di splay can be inproved. If the stacked electrode Ilayer also

has the light transmssivity, formng of the stacked el ectrode |ayer does
not lower the aperture ratio. Therefore, the stacked el ectrode

| ayer can be extended to a region which is suitable to establish an _
el ectrical connection with the pixel ezsz;Z . In an exanpl e case where
the stacked el ectrode |ayer and the pixel/région are electrically connected

to each otheriF?gs rd?ion in which the thin filmtransistor is not forned,
a structure is né in which the electrical connection is established in

the flat region. Ther2d2@e, the aforesaid connection portdQZb reveal s

excellent reliability. rai sing tAggahflat region, t fris aafe of
the pixel electrode i atteneg! Therefore, an effect ing@ ng the
state of the oriepldt e /| ity e-Her-ygtal | Lor ed. I n
t he case where the epd i o, afL 1AL gctrnode of tive and
l'i ght shi el di ng 209a&f| 49! gosit Ve &bn&ard gatlelitl _he
f oregoi ng gate I YK —~A4L ] A\ ¢ - 57 -
el ectrode formt af Ao —BT5g ! hsplay
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- 58 - VWHAT IS CLAIMED | S: 1. A liquid crystal display device
copprising a first pixel region anong pixel regions fornmed on the surface
of a transparent substrate by sectioning with data |lines and gate |ines,
wherein said first pixel region includes a thin filmtransistor having a
source, to \/\hl%:éipgz tial is appliedff#gnf£aid data lines, and gate

el ect r ode, ( gztential Is applied fromsaid gate lines, a pixel .
el ectrode to which a p ial can be applied via a drain %Qgﬁpld thin film

transi stor, and a condu hi el ding | ayer for in at |east
one boundary region betpe L_iﬂalon and a secon el201@gi ons
. aid data |i 1d gate

adj acent to it, insul atlq sai d
| i nes, and el ectri cal I elkctrod I ¢7First

pi xel region. éi ﬁ:'_ /deytte accapai laim 1,
wherein said con g yeér® hag, an {q =
positioned on a by Y EQ FESE }Eébd
second pixel regi oA eeyd st o L shespl o) Fdeviaed i &9
claim1, wherein % > p -g“o-.-'é' 5 Fght
shiel ding layer in anyjls f gi on, and
said first pixel regiofi
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second pi xel regions by said conductive and |Iight shielding | ayer. 4. A
liquid crystal display device according to claiml1, wherein said first

pixel region has said conductive light shielding layers in two boundary

regi ons anong sai d boundary regions fr bp second pi xel regions, and is
sectioned fraom said second pi xel regiaggyai sai d conductive and |ight
shi el ding | AC; éhz,said conductive and light shielding I&égrs that are

present adjacent to t wiZet her boundary regi ons adj acent t d id second

pi xel regions. . 116ab - 59 - 5.4 A liquid
crystal display devic cording /o any one of clains 1t \%0 6ﬂ n
substantially the whqg | { Is in =S, via
an interlayer insul f) v t least eit ai onductive
and |ight shiel%ha ' sz?o T Mng pi xel rqgi r—%ai d
conductive and hjﬂ% égﬁr ay; second‘pix ' &4dj acent
via said data |i Bl | Al D018 | ' C din? to any
one of clainms 1 15 STET F v }i03a
conductive and — Wehterdmt—tFayer——$—eteTni Ectedyt 0
said drain via a conng¢flaon hol e fbxsai d interl ayer | fng film and
the residual one i électrically connected to eitherdg p+1@8a

el ectrode or saitfb8ondiitdi ve and I ght shielding | ayefr. iy
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7. A liquid crystal display device according to claim®6, wherein said

pi xel el ectrode and said conductive and |ight shielding |ayer are forned
via an upper-layer-side interlayer insulating filmforned on the surface of
a lower-layer-side interlayer insulating film which is said

interlayer insulating film and are el trlcally connected to each other
via said connection hol e of said upperfz r S|de I nterlayer insulating

film ) A Iqurycg t‘%gal di spl ay device according to claim®6, wherein
at | east a portion ‘o r said pixel electrode or said conductive and

i ght shielding |ayer is forﬁ&ﬂaﬂ1the surface of the reggpgual one and they

are electrically connect@daq A i gpingher yst al dispeiy dexiee
according to claim 8, thTET he out er BMds of said pix eIevtrUde and

sai d conductive and |i ght—4Hi4 r}é1}éYei;éueé%aﬁkﬂékhv—éd+qe+d52§$§€ each
ot her. A 4 ta
di spl ay device according tqgfanyigne of clarnms I o 52/&%6&9 n either sald
pi xel el ectrode or said Cﬂr iicifiive  and | i ght shiel dingirfayer is
electrically connected to}4 drain via a stacked eleqtr4);e havi ng -
. ) 11 A
200a UL 201bb 11 11U 201
P / e —
1 ‘48l g
216baJ } { - 208 N 21660/ ’/ /4~2‘l6bc
206 205 207 1L
E —j() 4 AN VAR AW, ’ | A
|/ ~——A i U
XI v iinirgl %%@’(M ” é l—T 72T £ XI
/ Vs y A= 4 Y/ %
: 4 4 // L/ // /7 yai { } '
e e o= J203b
y4 /L ,I /'7 7/ ZL /I / ,'
#lﬂ I M%/ i
201ca ) 201ch 201cc
216ch

F1G. 25 BLoMW
216x 206x 230 216bb 206 215a 215

wa\~ ~ ( ( /

23a ] :\-/o ® O ? o J] /o 3
Vi & AN AVAVi W 2 A4 72 2\/]
) ) ) y TR %
283 212 206 2 205 J 207 216 28b
L
Dy 210

208



-

canductivity and electrically connected to said drain via i said connection
hol.e of said interlayer insulating film and the residual one is
electrically connected to either said pixel electrode or said conductive

and |ight shielding | ayer. 11. A liquid crystal display device according
to claim 10, wherein said stacked electrode layer also has |[ight
transm ssivity. 12. A liquid crystal display device according to claim

11, wherein both of said stacklng electrode | ayer and said pixel electrode
are constituted %{éoekaers 75/|]qj3| d crystal display device
according to cl al 2 mhereln sald pi xel el ectrode has the outer end
posi ti oned above said data |ine. Aliquid crystal di spl ay device
according to any one of cl 13 mhereln stacked el ectrode
| ayer is formed to reach aah]onzfﬁiﬁtléﬁ(%e h dthin film
transistor is not forned, énd %ald/plxeg ele tro ledtrically

d non- i i

connected to said stacked | ecttrode | ay tion region.
15. A liquid crystal ay devi pe— f to any f clains 10 to
14, wherein said dat |ne i ndl ud §E;AflngAd a line rcally
connected to said soy/céxarX d 'ﬁi | ma{apST sS\GX ¥ %ix first
connection hole of sai/d i ¥ar|§§?§ I pSpl at i f anﬁ a sycond data line
el ectrically connected to the suf faceab a ISt datia | i to constitute
a multi- wiring stru : : _ pr includes a
first stacked el ectrode |ayer e4¢ptfﬁggll nng¢yed to said drain of said
thin filmtransistor via a.second_connection
——
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- W1 - hole of said interlayer insulating filmand a second stacked

el ectrode layer electrically connected to the surface of said first stacked
el ectrode | ayer. 16. A liquid crystal display device according to claim
15, wherein said first data line and said first stacked el ectrode | ayer are
made of a sane material, and al so said second data |ine and said second
stacked el ectrode | ayer are nmade of a sane, naterial. 17. Aliquid
crystal display?ﬂf(;pé?dkcording to anf(ﬁﬁé]d? claims 10 to 16, wherein a
drive circuit formed on the sane substrate, on which an active matrix
having said first and secdhPgi xel regions is forng8Rhhas a nulti-Iayer
wiring structure in ¥BB6h wiring | ay&llabe el ectricallySQtmnected to said

interlayer insulating/M-Hriorpo—adiacent—to—sarth matrix via an
interlayer insulating\fiTinprdsent in the sane Iayger 1 ich said '
interlayer insulatingjfili foqned adj acent to said| actf\e helai x. 18. A
liquid crystal displa rcetaccording—to—any—oreof—ehdins 1 to 17,
wherein said gate ele pgle arnd ave trinsic
pol ycrystal line silic,u | aygrig or polycrystagﬁine s{hicon |ayers
cont ai ni ng phosphorus fbg 1 x /) . ;; :
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O[err]/cnferr] or less and silicide |ayer made of high nelting point netal
rmed on the surface of said polycrystalline silicon |ayer and

constituting said multi-wiring structure. 19. A liquid crystal display
device according to any one of clains 1 to 18, wherein at |east either said
pi xel el ectrode and said conductive and |ight shielding | ayer has the outer
end adjacent to the forward gate line at a position above said forward gate
i ne. 20. A nethod of manufacturing said liquid crystal display device
according to claim9, conprising a sffzg}xv %'atter ning a | ower one of said
pi xel el ectrode and said conductive dnd ‘1i‘ght shi el ding Iagéézin a manner

that the oGFgge - upper

@00“ 30Ra .
| ayer and a mask for € jn patterning the upper |ayer are ed as masks.

21. A nethod of manu ring said |iqui &tatystal displa =\ idcaccor di ng
to claim18 conpri si SFF-Hg a T1rst polycrys pe—silicon
filmto serve -a S n ai egremr-and a channgf ) on the
surface of at Hi Eupkialle &Alsteblof formi ng R AGyE 26kt rode
insulating filmon tfe Sk Qtybﬁystalli es coFpim a step
of depositing a I SIATZED ' ' Zd 4
el ectrode anﬁmiﬁ' ' ' r;*¢gf< i d
second pol ycrystarrin . //‘
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oy mgﬁﬂé%ﬁ [Rernalo S5 o gat e of ect r odg and

ful t aneously patterning said second

X DME@A%TMWsal d gate electrode and said gate |ine.

LIQUID CRYSTAL DISPLAY DEVICE AND MANUFACTURING METHOD

THEREFOR

As shown in Fig. 8, black matrices (216) made of molybdenum silicide layers (216bb..) are, for
each of pixel regions (201bb..), also provided on a transparent substrate (209) having a matrix
array, the molybdenum layers (216bb) are insulated and separated from data lines (202a, 202b)
and gate lines (203a, 203b) and surrounding molybdenum silicide layers (216ab, 216a...) on the
boundary regions with surrounding pixel regions, but are electrically connected to a pixel

» electrode (206) of its pixel region (201bb). The outer end of the molybdenum silicide layer
(216bb) and the outer end of the pixel electrode (206) coincide with each other.
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