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BACKGROUND OF THE INVENTION 5 1. Field of the invention The present
invention relates to a sem conductor device having a circuit constituted
by thin filmtransistors (hereinafter, abbreviated as TFTs) and a met hod of
manuf acturing the sanme. For exanple, the present invention relates to an
el ectro-optical device as is represented by a liquid crystal display panel
and an electric appliance including such an to electro-optical device as a
conponent. In the specification, the term"sem conductor device"
generically indicates the devices capable of functioning by taking
advant age of sem conductor properties; an electro-optical ,devices, a
sem conductor circuit and an electric appliance are all included in the
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1 the specification, the term “semiconductor device” generically indicates the devices

capable of functioning by taking advantage of semiconductor properties; an electro-optical

_devices, a semiconductor circuit and an electric appliance are all included in the
semiconductor device.

2. Description of the Related Art

A technique for constituting a TFT by using a semiconductor thin film (having a
thickness of about several nm to about several hundreds of nm) formed on a substrate having
an insulating surface has lately attracted attention. The TFT is widely used for electronic

20 appliances such as an IC and an electro-optical device. Particularly, there is an urgent need
to develop the TFT as a switching element for a liquid crysta) display device.

Among liquid crystal display devices, an active matrix liquid crystal display device,
in which pixel electrodes are arranged in a matrix and TFTs are used as switching elements
respectively connected to pixel electrodes for obtaining a high-quality image, “has

25  particularly drawn attention.

The active matrix liquid crystal display device is mainly classified into two known
types; a transmission-type and a reflection-type.

Particularly, as compared with the transmission-type liquid crystal display device, the

reflection-type liquid crystal display device is advantageous in small power consumption




because a backlight is not used for display. For such an advant a@e?, Ale 2005
reflection-type liquid crystal display device is nore and nore denanded as
a direct-view display for nobile conputers or video caneras. The
reflection-type liquid crystal display device nmakes use of the optical
nodul ation effects of liquid crystal to select the state where incident
light is 5 reflected at the pixel electrode to be output to the outside of
the device or the state where incident liquid is not output to the outside
of the device so as to display a bright region or a dark region. The
reflection-type liquid crystal display device further conbines the bright
region and the dark region to display an inage. Generally, a pixel
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Conventionally, it is known that a pixel electrode 15 is fornie between the source
wirings 14, simultaneously with the formation of the source wiring 14. [n the c-ase where
such a structure is employed, a region between the source wiring 14 and the pixel electrode
15 is required to be shielded from light by using a light-shielding film (also referred to as

25  ablack matrix) 13.

Moreover, in the conventional structure, a metal film made of chromium or the like
is patterned into a desired shape so as to obtain the light-shielding film 13. As a result of
employing the conventional method, the number of Steps and the number of masks for

forming the light-shielding film itself increase. For sufficient light-shield with the light-



shielding film13, it is necessary to insulate the |ight-shieldi ng0fd IAHG 2005
and the pixel electrode fromeach other by providing an interl ayer
insulating filmtherebetween. Simlarly wth the light-shielding film
when the nunber of |ayers constituting the interlayer insulating film
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Recently, the pixel size becomes smaller to obtain an image of higher definition. The
reduction in pixel size increases the area where a TFT and a wiring are to be formed for one
pixel, thereby adversely decreasing a pixel aperture ratio.

Thus, in order to obtain a high aperture ratio of each pixel with the defined pixel size,

20 1tis indispensable to effectively layout circuit components that are necessary for the circuit

structure of a pixel.
- As describe above, in order to realize a reflection-type liquid crystal display device
Or a transmission-type liquid crystal display device having a high pixel aperture ratio with |
the reduced number of masks, a completely novel pixel structure that does not correspond
25 to any conventional structure is desired.
The present invention is to satisfy such a need and has a propose of providing a liquid
crystal display device having a pixel structure of a high pixel aperture ratio realized by the

present invention without increasing the number of masks and the number of manufacturing
steps.



SUMVARY OF THE I NVENTION In order to solve the above-described prodl ks 2005
the conventional technique, the follow ng neasures are devised. The
present invention is characteristic of a pixel structure for shielding TFTs
and a 5 region between pixels fromlight without using a black matri x. The
present invention is characterized in that, as one of the nmeans of
shielding the TFT fromlight, a gate electrode and a source wiring are
formed on a first insulating filmand that a large part of a sem conductor
| ayer serving as an active layer is covered with a gate wiring forned on a
second insulating filmthat is different fromthe first insulating film
The present invention 10 is characterized in that, as one of the neans of
shi el ding the regi on betwe ¥ OF OME INYANTION0i Xel el ectrode is

arranged so ag ok he.source Wring. Furthernmore, the present
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The structure of the present invention disclosed in the present specification relates
to a semiconductor device comprising:

a semiconductor layer (a first semiconductor layer 172) having a source region, a
drain region, and a channel formation region sandwiched between the source region and the

-1 20 drain region on an insulating surface;

a first insulating film on the semiconductor layer (the first semiconductor layer
172);

an electrode (a first electrode 134 including a gate electrode) overlapping the channel
formation region on the first insulating film;

25 a source wiring on the first insulating film;

a second insulating film covering the electrode (the first electrode 134 including the
gate electrode) and the source wiring; and

a gate wiring 166 connected to the electrode (the first electrode 134 including the gate
electrode) on the second insulating film.




relates to a sem conductor device conprising: a sem conductor |dy@r Afla 2005
first sem conductor |ayer 172) having a source region, a drain region, and
a channel formation regi on sandw ched between the source region and the 5
drain region on an insulating surface; a first insulating filmon the

sem conductor |ayer (the first sem conductor |aver 172); an electrode (a
first electrode including a gate el ectrode 134) overl appi ng the channel
formation region on the first insulating film 10 a source wiring on the
first insulating film a second insulating film covering the el ectrode and
the source wiring; a gate wiring connected to the electrode on the second
insulating film a connection el ectrode 165 connected to the source wiring

and the sem i fi . cear.egi . dr-ai n
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t he sen]n_fzﬁnduct or layer has a region overlapping the gate wiring, while
sandw ¢ g the first insulating filmtherebetween. Further, anong the

above- ment i oRefecERAE (@ﬂi‘l‘iﬂ&&&fodeamgi\'}lﬁﬂgaa a1 QR Ik 1gmﬁ§a§?pﬁﬁghﬁ% or
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film tipEmanes yweaon on shecliest stlafing édmpby i ncl udi ng at | east a channel
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and the drain region, or a region present’ between the channel fornmation
regi on and tdsscend inselatingifdm coviering tlepélestride apdobhesturc: Wirarg; ext er nal

M0 2 AR R G B b RN SR 1o
sandw chi ng & bendectist elengodal 65 gotrderadttbehe bairee efrin@and the semiconductor
layer (specifically, a source region or a drain region) on the second insulating film; and
15 a pixel electrode 167 connected to the semiconductor layer (specifically, the source
region or the drain region) on the second insulating film.

Further, in the above-mentioned structure, the pixel electrode is arranged so as to
overlap the source wiring, while sandwiching the second insulating film therebetween, to
thereby shield light (or to reduce light leaking) between the pixel electrode and source

20 wiring.

Further, in the above-mentioned respective structures, the semiconductor device is
characterized in that the semiconductor layer has a region overlapping the gate wiring, while
sandwiching the first insulating film therebetween.

Further, among the above-mentioned semiconductor layers, a region of the

25 semiconductor layer overlapping the gate wiring while sandwiching the first insulating film
therebetween, is characterized by including at least a channel formation region, a region
present between the channel formation region and the drain region, or a region present
between the channel formation region and the source region. This region is protected from

external light.



plurality of channel formation regions are present on the sem cridudionRpgs
layer. It is desirable to arrange the gate wiring so as to overlap the
regi on present between one channel formation 5 region and another channel
formation region. Further, the present invention is characterized in that,
in order to prevent the nunmber of masks fromincreasing, the electrode and
the source wiring are fornmed of the sane material on the first insulating
film and in that the pixel electrode, the connection electrode and the
gate wiring are forned of the sane material on the second insulating film
10 Further, in the above-nentioned respective structures, the sem conduct or
device is characterized in that the gate wiring is nade of a film
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on an insul ati n%@ surface, an insulating filmfornmed on the sem conductor

| ayer and a fyather,ah ¢l atode-rhemtiventd respective structures, the semiconductor device is

characterized in that the first insulating film for insulating between the first electrode and
the semiconductor layer is a gate insulating film.

Further, in the above-mentioned respective structures, the semiconductor device is
characterized in that the second insulating film for insulating a source wiring and a gate

20  wiring includes a first insulating layer containing silicon as a main component and a second
insulating layer made of an organic resin material.

Further, in the above-mentioned respective structures, the semiconductor device is
characterized in that one pixel including the pixel electrode forms a storage capacitor with
the semiconductor layer (a second semiconductor layer 173) connected to the pixel electrode

25 and the electrode (a second electrode 135) connected to a gate wiring of an adjacent pixel,
using the first insulating film as a dielectric. Further, it is preferable that an impurity
element imparting a p-type conductivity is added to this semiconductor layer (the second

semiconductor layer 173).

Further, another structure of the present invention relates to a semiconductor device




on the insulating film characterized in that the gate el ectrodg2i nelitudgs a
first electrically conductive |ayer having a tapered end portion as a
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the 25 inad ﬁanslﬁ)rlzimntdh eldni(slkoessrred td fea fapest @ERY Y drgaler Yha(ﬁcmﬁufetwéf&l a

| ayer, the, c ncen t|o ipurity in the sem conductor |ayer
decr eases!d®) OP‘ﬁé’ F@Té}é@d%a Qq’?éuﬁé‘@r BY8k apé, t{’?]ém“?ﬁi“éklﬁ% of ot he

first el Q@Wdrﬁ@{de}’th@%m&@[bé/ﬁa%ﬁg' @rtapefrélﬁarfg@é‘fser@fern%ﬁ'tgﬁs Qftared #E' dngdn

the sem conductor |ayer jncreases. Further, in the above-nentio
st r uctur @oTHHEhaYaRg & ingirck Thape ssickeradstoan artapared pordignn thip spaodicaios. i n t hat
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overlapping the first electrically conductive layer, while sandwiching the msulatmg film
therebetween. The third impurity region is formed by doping for adding an impurity element
to the semiconductor layer through the first electrically conductive layer having a tapered

20 portion on its end and the insulating film. In the doping, the thicker the thickness of the
material layer positioned on the semicondﬁctor layer becomes, the shallower ions are
implanted. Therefore, the concentration of an impurity element to be added to the
semiconductor layer is affected by the thickness of the electrically conductive layer having
a tapered shape, resulting in a change in the concentration of the impurity element. With the

25  increase in the thickness of the first electrically conductive layer, the concentration of an
impurity in the semiconductor layer decreases. In the same manner, with the decrease in the
thickness of the first electrically conductive layer, the concentration of an impurity in the
semiconductor layer increases.

Further, in the above-mentioned structure, the semiconductor device is characterized




characterized in that a region of the insulating filmoverlapd AgAthe2005
second inpurity region includes a tapered portion. The second inpurity
region is fornmed by doping for adding an 5 inpurity elenent to the

sem conductor |ayer through the insulating film Therefore, the
concentration of the inpurity of the second inpurity region is affected by
the tapered portion of the insulating filmto change the distribution of
the concentration of the inpurity of the second inpurity region. Wth the
increase in the thickness of the insulating film the concentration of the
inmpurity in the second inpurity region decreases. In the same manner, i0
with the reduction in the thickness of the insulating film the
concentH@ﬂh@ﬁhéfﬁﬁhemunpumgkmlsamoﬁﬂfrqgcmﬁdaUﬂﬁﬂfé i¥n.r €gi on i ncreases.

Al t hough the i region.is formed by the sanme doping as that
for the th.rﬁ?ﬁe;@e’grgh%n%@& %‘ﬁ VERENIHe StPERIonthst samiGamguetor ydevice his

second |¢mmqt¢ry:edegtrmmm hngflﬁhl%: thdtddtide i@l & ion
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p- chann f; e structure of the present invention
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15 second impurity ngIOIl in the longitudinal direction of the channel is as long as that of the -
third impurity region, or is greater than that of the third impurity region.

Furthermore, the above structure is characterized in that the TFT is an n-channel TFT
or a p-channel TFT. Further, in the present invention, a pixel TFT is formed by using an n-
channel TFT. In addition, a driver circuit including a CMOS circuit using these n-changel

20 TFTs or p-channel TFTs is formed.

Further, the structure of the present invention disclosed in the present specification
relates to a semiconductor device comprising a pair of substrates and liquid crystal held
between the pair of substrates,

characterized in that a pixel portion and a driver circuit are provided on one of the

25 pair of substrates, and
the pixel portion includes:
a semiconductor layer including a source region, a drain region and a channel

formation region sandwiched between the source region and the drain region on an

insulating surface;




a source wiring on the first insulating film, a second insul ath Qgﬁ\Pﬁ A5
covering the electrode and the source wiring; 5 a gate wiring connected to
the el ectrode on the second insulating film a connection el ectrode
connected to the source wiring and the- sem conductor |ayer on the second
insulating film and a pixel electrode connected to the sem conductor |ayer
on the second insulating film and 10 in that the other substrate has a
light-shielding filmin which a red color filter and a blue color filter
are lam nated so as to overlap the first sem conductor layer. Further, in
t he above-nentioned structure, the sem conductor device provides an | PS-
type liquid crystal display device, conprising a comon wiring on the
second i nsul atfirsginsfiatiny fiMhesreihd skgcdpiduSlor Blvect rode and the conmon wiring
are arranged so.that, an electric 15 field pgréllel to a surface of the
substrate is aé‘e%%ﬁ‘%ﬁidgd’.veﬁﬁﬁ’ﬁlﬂéﬁf}e thinpelfogpaten regitn ont fotrinstlurieg fitthere i s
provi ded a refdorede Witingydehlei i @sultiyS k). di spl ay device in which the
pi xel electrode is made of a filmcontainihg A] or Ag as a main conponent
or a | ani nati%WPRd Msklstingdim quyering the ¢lecttdue aatiohvesaueod worvgd Structure,
t he sem cond waksyd [ transm ssian-type |jquid crystal
di spl ay devi (L:hgéa?f] Mi%h&%rﬁé&\gitgzﬁe @F%% ek hleée?f)é’gemﬁlz'g“g %1 nspar ent
el ectri cal | y aondedianaedtiddn cofnedtbeto thesoanetwising haatht emtod g IggNt
inventi Qi th@ é‘%ndciﬁ&ﬂ%éé)fﬂ device of the present invention is

[ eé In that, I

characteri z Pst%l ectrode 134 i ncl udi ng a gate el ectrode and

a.gate wiring piss ckcaoiocomicrd td i RrRedndub®rl9ti Stk kL dBd ; LEl Y.
‘and the first 25 electrode 134 and a source w ra?ng 137 are fl%str%ﬁn@ Of}]l\'rg
first insulating film and the gate wring 166 and a pixel electrode 167

are RoOrmed. o ias duantler s atinagahighMHIBIEY fifk it hichldal HI@RIDgnd LTSt
i nsul atlbﬂ? fil m. Further, in a nmanufacturing process reallzing e
above- menty SHAGILET 31E dapinatadise asdp oyerlep the frst semignmsluetor layevent i on rel at es
to a nethod @rihenuf MehbveOgeRtiGRIGAAIHC ke 2; S e
char act eri zﬁd by conpri si ng: a first step o e‘%%?)rrﬁa%é\ygjegé?ﬁpcf%ﬂﬁ%?wsrayer
made of ¥P% %gagryqtﬁéhggﬁy eYigecoorprisingn common wiring on the second insulating
film, wherein the pixel electrode and the common wiring are arranged so that an electric
15 field parallel to a surface of the substrate is generated.
Further, in the above-mentioned structure, there is provided a reflection-type liquid
crystal display device in which the pixel electrode is made of a film containing Al or Ag as
a main component or a lamination film thereof.
Further, in the above-mentioned structure, the semiconductor device provides a
20 - transmission-type liquid crystal display device in which the pixel electrode is made of a
transparent eiectrically conductive film.
Further, as another feature of the present invention, a semiconductor device of the
present ;’nvention is characterized in that, a first electrode 134 including a gate electrode and
a gate wiring 166 are formed on different insulating films, respectively, and the first
25 electrode 134 and a source wiring 137 are formed on a first insulating film, and the gate
wiring 166 and a pixel electrode 167 are formed on a second insulating film which is
different from the first insulating film.
Further, in a manufacturing process realizing the above-mentioned structure, the

structure of the present invention relates to a method of manufacturing a semiconductor




on an insulating surface;, a second step of forming a first i@sulfatd R§iFil m
on the sem conductor layer; 5 a third step of form ng an el ectrode
over |l appi ng the sem conductor |ayer and a source wring on the first
insulating film a fourth step of form ng a second insulating film covering
the el ectrode and the source wiring; and a fifth step of form ng a gate

W ring connected to the el ectrode and overl apping the io sem conductor

| ayer on the second insulating film a connection electrode for connecting
the sem conductor |ayer to the source wiring, and a pixel electrode

over|l apping the source wring. Further, in a manufacturing process
real i zing the above-nentioned structure, another structure of the present
|nventléﬁVK@Jdﬁ@%mvafdhmadmmhwﬂgnanufacturlng a sem conductor 15 devi ce,

characterize n a first step of formng a first sem conduct or
| ayer 172 angﬁgééét%ggﬁéo ﬂgcmﬁ%cﬁwoql%}&%mai?g&Cé&%ih“lbeﬁmglcnadie:t@‘ffﬂm
cryst al lonrea issutadrgnelfdcey film on an insulating surface; a second step of

formng a flrst i nsul at fréf filmon the first and second sem conduct or
| ayers; 20 a?thidm S%‘"'tpe‘ri‘Jg mf%&?rfl%lf&‘lfﬁtmgtfﬂ@l(Hclthc@cmlcbﬁdumeralye:pm ng the

firsts sem coaduﬁis%péﬁ‘é&hmga%e?e%ﬁ%ﬂ@'ox‘?ér%%%@ﬁ §IE5 oV rI anp gl{ff he second

sem conductor | ayer, .and a source W rin REicry HUAG il m
a fourt PW‘E‘P%B“(S]F@ flbﬁtllﬁsl‘i&mélgsfdﬁbnd insulating filmcoveri ng the first

el ectrode 13 I nd t he .souy ce ring 137; and
5 a1 teh oo siepoDRERith & EEMLMuh R U5 dodEriag the Cleodd fad he

el ect roé%‘”ﬂ:‘%li”ahﬁi angver | appl ng the first sem conduct or layer 172, a
connection el ggfhrd i rst sem conductor |ayer with

t t
the source W ring, nfclit%a P& ﬁﬁg{‘}"gf}{légg@%ﬁi 1o\ §legimds pnd meerlapning the

wi ri¥g, S@ﬁlwh@U@@daymontaﬂeabnm@sﬁBah filthlraldaBhection eldefoal
structu BH& 4} s char act er.i zg% inthat th 0ee 0 FB,gxl%Jﬁlrﬁg%gggsecond
aye

sem con g’(?t%’d“?"owl"ﬁ%g finde P’é‘lebé]tep‘é‘é{ée @w&ﬂp@m theesosezond
el ectroctenng.onnect ed to a gate wiring of an adjacent pixel.

Further, in a manufacturing process realizing the above-mentioned structure, another
structure of the present invention relates to a method of manufacturing’ a semiconductor

15 device, characterized by comprising;

a first step of forming a first semiconductor layer 172 and a second semiconductor
layer 173, each being made of a crystalline semiconductor film, on an insulating surface;

a second step of forming a first insulating film on the first and second semiconductor
layers;

) 20 a third step of forming a first electrode 134 averlapping the first semiconductor layer,
asecond electrode 135 overlapping the second semiconductor tayer, and a source wiring 137
on the first insulating film; )

a fourth step of forming a second ins.ulating film covering the first electrode 134 and
the second electrode 135 and the source wiring 137; and
25 a fifth step of forming a gate wiring 166 connected to the first electrode 134 and
overlapping the first semiconductor layer 172, a connection electrode 165 for connectin gthe
first semiconductor layer with the source wiring, and a pixel electrode 167 overlapping the

source wiring, on the second insulating film.

Further, in the above-mentioned structure, the method is characterized in that the

i0




BRI EF DESCRI PTION OF THE DRAWNGS 5 In the acconpanying draw ngg} 2 FAiG, 2150-5
is atop view of a pixel portion according to the present invention ‘
(Enmbodi nent 1); FIGS. 2A to 2C are di agrans showi ng a manufacturing process
of an active matrix substrate (Enbodinment 1); 10 FIGS. 3A to 3C are

di agrans show ng the manufacturing process of an active matrix substrate
(Enmbodinent 1); FIG 4 is a diagram show ng the manufacturing process of an
active matri x substrate (Enbodinent 1); FIG 5 is a diagram showi ng a
cross-sectional structure of a reflection-type liquid 15 crystal display
device (Enmbodinent 2); FIG 6 is a top view of a pixel portion according to
the present invention (Enbodinent 1); FIGS. 7A and 7B are a top view and a
Cr 0SS- segdchAh @ michBa: i triX; trate, respective

(Enbodi nent 3); 20 FI&(%,I_§ A g&gycg%&%rtééé%xgig? été% S SISERPY V%C%(Jéeqtéqq’ﬁ nal
secti on {HREEEH i ARaE)wiring|aE3n adjecent @igeldi agr ans showi ng cross- sect i onal
structures of a transm ssion-type liquid crystal display device
(Enmbodinent 4); FIG 10 is a cross-sectional view of a term nal section

(Enbodi nent 5); FIG 1 ESCRIPTHONI ORFHY DRMWINGS active matrix
subst kat e acqgqrl present. 25 invention (Enbodinent 6); FIG 12 is
a c'rogs-sect iclgrgg‘%gwoé%agpﬁgnc{r%%ﬁg\?e matri x substrate according to the
present i nveri(.oh i§ Eriagivientof7); pikkGpodttor Scéortiy Yd SMé i partion
accordi rﬁl?odtihe ﬁ esent inventi onp (gri?bodi ment 1-8?]';% 11 0 giri%ngxgg%gﬁgl G
14 is a Cross-S&d )Onal view of the pixel portion according to the present

invention (ERIGSE. 0B K) areldidgrachs shéwhgl PBatiaWulhg ProleX€be BPLE R matrix
‘according, 1o tleﬁm%rogsent  nvention

bstrate iment 1); '
10 FIGS. 3A to 3C are diagrams showing the manufacturing process of an active matrix

substrate (Embodiment 1);

FIG. 4 is a diagram showing the manufacturing process of an active matrix substrate
(Embodiment 1); '

FIG. 5 is a diagram showing a cross-sectional structure of a reflection-type liquid

15 crystal display device (Embodiment 2);

FIG. 6 is a top view of a pixel portion according to the present invention
(Embodiment 1);

FIGS. 7A and 7B are a top view and a cross-sectional view of an active matrix
substrate, respectively (Embodiment 3);
120 FIGS. 8A and 8B are cross-sectional views of a terminal section (Embodiment 3);
FIGS. 9A to 9C diagrams s%%wing cross-sectional structures of a transmission-type
liquid crystal display device (Embodiment 4);
FIG. 10 is a cross-sectional view of a terminal section (Embodiment 5);

FIG. 11 is a cross-sectional view of an active matrix substrate accordin gto the present
25 1invention (Embodiment 6); |

FIG. 12is a cross-sectional view of an active matrix substrate accordin gtothe present
invention (Embodiment 7);

FIG. 13 is a top view of a pixel portion according to the present invention
(Embodiment 8);

11



(Enbodiment 10); 5 FIG 16 is a cross-sectional view of the pigel I;itﬁ"ta(]ﬁﬁ"n
according to the present invention (Enbodinent 10); FIG 17 is a top view
of a pixel portion according to the present invention (Enbodi nent 11);

FIG 18 is a cross-sectional view of the pixel portion according to the
present 10 invention (Enmbodinent 11); FIG 19 is a cross-sectional view of
a pixel portion according to the present invention (Enbodinent 12); FIGS.
20A to 20F are diagranms show ng exanpl es of electric appliances
(Enbodi ment 13); 15 FIGS. 21A to 21D are diagranms show ng exanpl es of
el ectric appliances (Enbodinment 13); FIGS. 22A to 22C are di agrans show ng
exanpl es of electric appliances (Enbodinent 13); FIG 23 is a di agram

showi ng a co t1i40 24A to 24D are enlarg
Cross- gectl og@vll4e§saés OW%EJS?‘% ggrlr{‘ir’lc(ﬁ tg?f#x%djorB?‘b@@%%rgﬁ’lg té’nthécl?fie%f‘é”

matri x sifBeRtion Embaddmen8); 25 is a top view of a pixel portion (Enbodi nent
4). DESCRI PTI ENBODI NENTS 25 rei nafter, enbodi nents of
the present |I£nP\z/ie%:5| -(ggr;"% %EEE@R?ES PRBEPRRNYh ACETEMen e the preseet drventiogs. A
l'i quid c(rf%ﬂsh(ﬁillmdiltskﬂ)ay device of the present invention includes, as a basic
structure, nent substrate and a count er substrate bonded with each
other"with a prec} ter% FPe*Efseg&B'abé@% of 1he Piesd @ rtione pedredingeto tiadpresent
el ectro- mptntml(Emtdmeilimajn 19; liquid crystal material 12 0 2 A°J G 2005 or 4
the |ike) belfﬁﬁ Id in the gap, A specific exanple of a pixel structure ’
accordi ng to the ‘gr Es&ntoPi ﬁ\?é’n?f@npl@lmﬂ acepriting tol theHprasem, imenguanpl e
of a ref(Bestoddfedtydg; | i quid crystal display device is shown. The el ement
substrate mcHgde% A gate wiring 166 arranged in a row direction, a source
is a cross-sectional view of the pixel portion according to the present

10 invention (Embodiment 11);

FIG. 191s a cross-sectional view of a pixel portion according to the present invention
(Embodiment 12);

FIGS. 20A to 20F are diagrams showing examples of electric applianées
(Embodiment 13);

15 FIGS. 21A to 21D are diagrams showing examples of electric appliances _
(Embodiment 13);

FIGS. 22A 1o 22C are diagrams showing examples of electric appliances
(Embodiment 13);

FIG. 23 is a diagram showing a conventional example;

;20 FIGS. 24A to 24D are enlarged cross-sectional views showing the manufacturing
process of an active matrix substrate; and

FIG. 25 is a top view of a pixel portion (Embodiment 4).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Hereinafter, embodiments of the present invention will be described with reference
to the drawings. |

A liquid crystal display device of the present invention includes, as a basic structure,
an element substrate and a counter substrate bonded with each other with a predetermined

gap being interposed therebetween and an electro-optical material (a liquid crystal material

12



5 wring 137 arranged in a colum direction, a pixel portion @i ﬁ’gea?%’ﬁxa
TFT in the vicinity of the intersection of the gate wiring 166 and the
source wiring 137; and a driver circuit having an n-channel TFT or a

- p-channel TFT. The gate wiring 166 shown in FIG 1 is a gate wiring
connected to an island-like first electrode 134 disposed in a row
direction. The gate wiring 166 is provided on a second 10 insulating film
in contact therewith. Simlarly with the source wiring 137, the island-Ilike
first electrode 134 is forned on a first insulating film (hereinafter, also
referred to as a gate insulating film so as to be in contact therewith. A
connection electrode 165 is fornmed on the second insulating film

(her ei nafrttey likgltemg hadfl éx t}edgarpo as an interlayer insulating film as pixel
eIectrodesl?an 175 an {/ 15 wiring 166. Owing to the pixel
structure of 't FREPIS ?@H‘tpl‘fﬂ &R Eﬂmctt‘l‘fé ageqriing tpdlepresenttimecnTion 1sshnwrbe

pl aced d¢o F&6. lomvﬁﬁlaalpeﬂa 198t & |ve | ayer
e AL lD e RPNy a M S5l Uch R Gl

of the TFT f
substrate fr Fle&#ts%“ﬁ'éé%‘f U@S@@Fﬁn@rmgéﬁ famm@.dummm\eglremmaf a@ou‘rté st

sem coNdieinen 37 ayehoekia al shi el ded ht by t he
gate Wiri ni}%:)§166 I ngeaddlatclg%)lﬁmt%@??ﬁfean ﬁ%%?\lé:f %Qf*ﬁ%\’g%ﬁ%gbﬁﬂ Cém Y

desi r ablof thmitersectioagifahe Igﬂ@s\éwmgbhiﬁm‘&irthe lseuchaninap 1307 BRd h(ailflwreﬁgirélHt and

t he dr alh@vﬁ%ginqpcﬁgﬂﬁgﬂ FHQB n and an offset region) and a region
present between the c anne fror mat ‘egi on and the source region are

shi el ded f r orfbE ggletvibipgtlhé shawe m/\FBG nds d@ﬁe wsnﬂg:eoddaetelaltei &h istiduGld i, 25

shown i i -gate struct plurality of channel formation
r egi ons%g%%erg‘g%elggr??s p%Eé& @ng rQ% SUEETuc B g‘l“ﬁ)}‘é‘ﬂ"gﬂ@érlém‘édeéoﬁ agicepnd

pr eséht ibeiaumgrfilonm mmzmelheré\oi‘thms&ﬁmhﬂyr@ﬁh% mﬁc@& {3E hﬁ@ﬁﬂndfﬁﬁé;gg' on
gdte Wi ring

region i S jelded fromlig

The gat éfﬁ\s/\tn% ‘%&gizé ScsjEQF‘BF Hag’rﬁStdﬂS‘i]ﬁW falm ﬁ@fﬁlmf{ﬁn Hsarefomeditet dsnagzatmnner
whi ch 13nduiding filth)2020@5 bt $n Ebth@ieitwitrom the insulating filmon which the
first electrqde 134 serving as afgate el ectrode is provided. In the pixel
structure sh nPﬁcqﬂ“GleCImdFHéii 15 pgnedam@thtelsmdimmmg filnd (hersieafuesalas a

DLt ne T e B (RERLR? h el PR FENALRE s 1PY Hog Ut Wiy o
st or Rge “EQB&éﬁﬁor of
Owing to the pixel structure of the present invention, the active layer of the TFT can
be placed so as to overlap the gate wiring, thereby shielding the active layer of the TFT from
light.
In order to shield the TFT on the electrode substrate from hight, at least a channel
.+ 20 formation region of a first semiconductor layer 172 is disposed so as to be shielded from
light by the gate wiring 166. In addition to the channel fermation region, it is desirable that
aregion present between the channel formation region and the drain region (such asan LDD
region and an offset region) and a region present between the channel formation region and
the source region are shielded from light by the gate wiring 166. Since the pixel structure
25 shown in FIG. 1 is a multi-gate structure, a plurality of channel formation regions are present
in one semiconductor layer. Therefore, a region present between one channel formation
region and another channel formation region is also desired to be shielded from light by the
gate wiring 166.

The gate wiring 166 is formed on an insulating film in a contacting manner, which
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5 adjacent pixels. Wth the pixel structure of the present invdh?i& @b
regi on between pixels is shielded fromlight mainly by overl apping the end
of the pixel electrode 167 with the source wiring 137. Gaps such as a gap
bet ween the pixel electrode 167 and the connection electrode 165 10 and a
gap between the pixel electrode 167 and the gate wiring 166 are shi el ded
fromlight by a color filter provided on the counter substrate. As the
color filter, ared color filter, a lamnation filmof a red color filter
and a blue color filter, or a lamnation filmof a red color filter, a
blue color filter and a green color filter, which is patterned to be at a
predeternl?F position (at the position of the TFT on the el enent

subst r atSe§ SNt frosithe nsyintingefilon ont which 16e Jirbstleatrede V¥4 e #Ehasa gate

t t t { h ded, f ht |
o vet vl kg i ORI SHORL 1§ 16, TSRS LT Lo o

shi el detFT¥¢0RS i gfie eﬂ)@ﬁtrotllt'neommllappm’gl tht efiirs{ serhizdna@dtor 1dviet ttl@trou R th@%‘a[&at' on

film of 0 lor filter, . or a amnatl film
of ar eldr%g%ﬁg t '!n IE.) %{AIL{; g‘Ibrlwii'jseasc ‘?&EF F%&FOQW%S’QWQEE AT8ES fnaciser) of

pr OV|>de@IdJa<2€01t<pn<eﬁshe counter substrate. A storage capacitor of the pixel
el ectrode 16y, SHEQNS i.tued b a second sem conductor |ayer 173 connected
r3nf PRRL

to the pixel ¥ PSS St%‘?‘“ﬁﬁ the NIEsegh R ventien. Agerion stweengiixajs 'arshiemﬂall ating

film cofremi light ninlyegaidrig et
i mpurit ”Fl ement Iflg(rﬂyl rrp;rlt@?rhng a p- t%géggﬁﬁg%%tg??/c?éwaﬂ‘ghgﬁe&uf %“B’&rt of

~the sec d 25 sem'conductor layer 173. As a result of addition of the

i hpur i ty el exggﬂ;tsucmlg@g]g@p W&%E@rgﬁegﬁﬁel@%@ rbc?éﬁé?o g éoe@%ggﬁélg%%d%dle 135 a

channel rmatjon region is forne orma
Fur t'Rer #i5t 2821 hetyeen Hicopixahrledradad 63endribe gatemrmgaﬁaa!ﬁe mﬂﬁh@mrﬁ fi%ht pi xel
il

I t t I t
P57  and s aeoos (P pRIVARD ARG ler Wb Bs i PlofYfitoe el pder fler s
her ei n ]@Wﬂféwﬂlfylﬂtl@ﬁ a¥gd chlor Siteard amue c@loﬁﬂ[ﬁe@ 005 1 LhiaclisPHRn dBPredtddfor

i ch o Rap ool rRRnd FeldioRlrictic Bhihis eteried oot aptrdsymined

alter namqsvtmw(abehe mqmlmyeﬁthe'lﬁér By nb@éleﬁfenﬂﬁﬂiéﬁa(e?qg It &AdEPoh %é'&&tﬁ?er
el ementgsupstrate including the pixel
With such a structure, the TFT on the element substrate is shielded from light mainly
by the gate wiring 166. Furthermore, the gaps between pixels can be shielded from light by
the color filter (a red color filter, a lamination film of a red color filter and a blue color filter,
of a lamination film of a red color filter, a blue color filter and a green color filter) provided
20 on the counter substrate.
A storage capacitor of ihe pixel electrode 167 is coustituted by a second
semiconductor layer 173 connected to the pixel electrode 167 and a second electrode 135,
using an insulating film covering the second semiconductor layer 173 as a dieiectric. An
impurity element for imparting a p-type conductivity is added to a part of the second
25 semiconductor layer 173. As a result of addition of the impurity element, when a voltage
is applied to the second electrode 135, a channel formation region is formed to form a
Storage capacitor. Furthermore, in a region where the second electrode 135 overlaps the
pixel electrode 167, a storage capacitor using the interlayer insulating films 157 and 158 as

dielectrics is formed. Although a storage capacitor is herein formed by using the second
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5 portions having the pixel structure shown in FIG 1 and driver &2r8Ubt &85
may be set to five. Specifically, the first nask is for patterning the
first sem conductor layer 172 and the second sem conductor |ayer 173; the
second mask is for patterning the first electrode 134, the second

el ectrode 135, and the source wiring 137; the third is a mask for covering
an n- channel TFT when an inpurity elenent for inparting a p-type
conductivity is added so as to to forma p-channel TFT and a storage
capacitor of the driver circuit; the fourth mask is for form ng contact

hol es reaching the first sem conductor |ayer, the second sem conduct or
layer, the first electrode and the second el ectrode; and the fifth is a

mask f orelesaodedds, rtgetstmeagecm’plaawrl19ﬂoﬁﬂ)ﬁﬁtﬁ1@ﬂg$in¥1§§1 tﬁ&féto?(aim 1*%%11%}@1 “ ng
166 and“;m&{ i xel gl ectrodes 167 and 175 descri be ove, |n

case where t e PIXEPT YR8t O @ SAGHPY Aleprese is |P§0V1@¢ﬁaln@%yeellteraatl\f8fy be

refl ectieompldpede |iquid crystal display device having a high pixel aperture
ratio (abOlr:Iri 789 can be realized with the reduced nunber of masks. An
addi ti onal by nhinber of eppsks reguiseghio-formrberctemany sebente incaldiyg ct&npiu@lt ive

fil { {1 t ed
hape. Fonsyor 2t G5 bPlel SEERLICHEOnTAG: 0.aP RESLELAT ufl & RuaPrecan

be nanuﬁ&@?@?@&bf fh?efllréwﬂsk%ﬁ@ piattetnligg tbaﬁlest‘ﬂhﬁrcendudtﬁﬂlﬁdﬂlsgIaﬁ@tﬂe)gg@ddl qui d
crystal nuf red,, a. el . ap rture rati o of
EnfBhayct OE&’ EF 178 {h%t%%‘é?r}[?a e glg g E ?ﬁ ectigde difrofheni ri ng

about 56% can be a| ned
and a pﬁe@@mdeqlmmdodésaaad ghe smgedwitng@$37; Othg eied & & nidk $bL6dVeringfdneh d

paral | e ace. of the, substrate, thereby manufacturin
transm E 41on- ?%W‘H“q%. H“P%ycﬂe)%et“é%o’dF?ﬂT‘HEg %I%\WR,eecoé‘fj“?tﬁ@tYI lPsgg%&Oe%ﬁ The
pr es¥nt to forerd p-ohanel mmdamgammw t8 Alhedr$ireui the f&ﬁth‘zr?%{ 5*?(%3

further . det ai |, owi ng enbodi nents. [ Enbodi nent
2001 A HUTHB °8P8ﬁ§ahg'?§c¥? ehingythg st eamisenducen lavad, ttmwc«qm]smmhadmcbr TFT

and a playehamnfifst E'E@ro@é ardd H‘l’é'SH&fﬂd@lé&MﬂE A B fifhN E%SF?&J ?I%H‘ Pg ol he

pi xel portion, Iﬁ’é sarre tinme and on the sane su stra exp Med in
detail FROTETHERE s 149 arg ZU%sIh%aamwmng R66.andAbe pixohelectroden 160 landade of
an insuhasing fllmsuch as a 5 silicon oxide film a silicon nitride film
or a silicon oxynitride film is fornmed on a substrate

15 As described above, in the case where the pixel structure shown in FIG. 1 is

employed, a reflection-type liquid crystal display device having a high pixel aperture ratio
(about 78%) can be realized with the reduced number of masks.
An additional mask is needed if a light-transmitting electrically conductive film is
used as a pixel electrode so as to be patterned into a desired shape. However, a
- .; 20 transmission-type liquid crystal display device can be manufactured thereby. Also in the case
where a transmission-type liquid crystal display device is to be manufactured, a pixel
aperture ratio of about 56% can be obtained with the reduced number of masks.
A common wiring and a pixel electrode are arranged so as to generate an electric field
parallel to the surface of the substrate, thereby manufacturing a transmission-type liquid
25 crystal display device of the IPS system.

The present invention with the above-described structure will be described in further

detail by the following embodiments.

[Embodiment 1]




100 nade from a gl ass such as barium borosilicate glass or aludj hukblG 2005
borosilicate glass, typically a glass such as Com ng Corp. #7059 gl ass or
#1737 gl ass. For exanple, a lamnation filmof a silicon oxvnitride film
101la, manufactured from SiH4, NH3, and N.O by plasma CVD, and forned
having a thickness of 10 to 200 nm (preferably between 50 and 10 100 nm,
and a hydrogenated silicon oxynitride film 101b, simlarly manufactured
fromSiH and N,O and formed having a thickness of 50 to 200 nm
(preferably between 100 and 150 nm, is fornmed. A two |ayer structure is
shown for the base film 101 in Enbodiment 1, but a single layer filmof an

i nsul ating fi lAmnedrnd f ramrufﬁcttuﬁ@g hﬁbﬂﬂllp@hxdﬁ)ﬁrﬁi THERO (4R chAWRI TFE &id o
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Bl 1)

106 are cqffs‘iiré‘fqr CH@““ @dﬁdﬁ%ﬁ’&’ﬂplﬁf}’ @6 theapicitbrartippdit hosanae

sem conduisieind on thehiarien@ibaru@ BxpRons 1n5c§ertérll3fn%%bo&'i§de’ﬂgla | aser
crystallizati gn met hod or. a_known thermal crystallization nethod. The

thi ckness of tH&:a8ShAYNIRMAPE- S8nh besrlfibmd01] myds Qf 210 1rsubetib@6ilmayudheasf or ned

f 2 h
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it is préfBraxieciron & plaps sush asbasival bmnoeihcsterglmmdwdnmmuin bomshicasi glagon or
a silico i ( a h as si on pe or
cont i nuo eI BighiRsl Slchels Ehirie AP PRI YRS P37 s Mol an
be used asmimaligs élﬂrnlQfglkmhcsmﬂmnude(ﬂllmrlorra,rmﬁmﬁawurdnlgfrcbﬂﬁ&m NHL, &k N

sem condy, ser cr.y.st al od, A nethod of ~
‘condensi nga’%{?"[ aser FI gie ™ f“flg%laf}i/f)]fﬁeés Pé&ﬁ"%@ﬂl“&{] ¢embly oatween o0 and

li neato ZHQPanb%/arlﬁim tqutcbgbahteﬂygifcjmtﬁbﬂﬁdtndeffﬁit‘h ﬂmbaﬁmﬂhﬂmah@mdu&aimﬁ]@lﬂmhe
sen conduc i e use en these asers are used e
crystall i Eﬂ 22 E%)FFHF{eﬁg‘ﬁg*rﬁ%}hl%ﬂeﬁmféM@ 2§8|ﬂ§b&pé%femjle brswepe 1 69 and 14t
when usi isifermati A8 olia%eEtrud 0
Hz, and tnﬁg Iag;er ener v é%gngl,l ttgﬁllgki%{?n fﬁiréﬁéﬂi%g 5 qﬁgg%ﬁﬁn@%t%%gal |y

bet ween 2GNERLYSOHIMY @W}Sﬂlmgtfﬂéh and @ sgugturB xzbmb e tharsiwiglaybrs AAG

| aser, tmﬁnﬁﬁ%nglapadqwﬁ hsqused and the pul se em ssion frequency is set
from1 to 10 kHz, and the Iraser energy density may be set from 300 to 6Q0

mi/ cndS  (typi éda0d, Shepecsemiessiugt 50BrsII0Enite ) 106 hare| dsemed ityhterysoaibansed
10,2 RIS AW o 20 RSB I i TR B

per f or medtrugtuke, aningvelasapcrystbllioatidn S6thod @8%doewn theemhl di¢anlliz&s®! method.

The thickness of the island shape semiconductor layers 102 to 106 may be formed from 25

to 80 nm (preferably between 30 and 60 nm). There are no limitations placed on the

20 crystalline semiconductor film material, but it is preferabie to form the crystalline

semiconductor films by silicon or a silicon germanium (SiGe) alloy.

A laser such as a pulse emission type or éontinuous emission type excimer laser, a

YAG laser, or 2 YVO, laser can be used as a laser light source used in manufacturing the

crystalline semiconductor films by the laser crystallization method. A method of condensing

25 laser light emitted from a laser emission device into a linear shape by an optical system and

then irradiating the light to the semiconductor film may be used \;vhen these types of lasers

are used. The crystallization conditions may be suitably selected by the operator, but when

using the excimer laser, the pulse emission frequency is set to 30 Hz, and the laser energy

density is set from 100 to 400 mJ/cm” (typically between 200 and 300 mJ/cm®). Further,
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light. A gate insulating film 107 is formed covering the islanmgd?shdpernts
sem conductor layers 102 to 106. The gate insulating film 107 is formed of
an insulating filmcontaining silicon wth a thickness of 40 to 150 nm by
pl asma CVD or sputtering. A 120 nmthick silicon 10 oxynitride filmis
formed in Enbodiment 1. The gate insulating filmis not limted to this
type of silicon oxynitride film of course, and other insulating filns
containing silicon may also be used in a single layer or in a |lam nation
structure. For exanple, when using a silicon oxide film it can be forned
by plasma CVD with a m xture of TECS (tetraethyl orthosilicate) and O, at
a reaction pressure of 40 Pa, with the substrate tenperature set from 15

300 t i h f 3.56. NHz) el ect
pover dener 1y ool b/ REUREY PRl Bl i P AR letul s cmissian gescney

i nsul at 15§t fiommd é@ﬂlﬂB@{Zobnéltmushyenesggbmﬁ?MdeDep@E FRnB0g 14 BES Hﬁycm
anneall of th |I|con oxide filmt
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el ec rogleéle Igﬁr tér‘% cond ctl cf" hlm108 is forned o Ta |Fmvv| h a

t hi cknegs of k| ﬁlﬁﬂf WHbano5ieglap sriek 3G to 98%&9{ the lirganieeerof a W
filmhahghtg a thickness of 100 to 300 nm in Enbodinent 1. The TaN filmis

formed by sputter.ing, . and Eutterlng of a Ta target is perfornmed in a
ni trogen at MoSpliePed atwaiw 97Fﬁfpgﬂﬁ%ﬁimnwﬁ@planﬁehapmgsemutdmdacwIa&éget

whi ch caie al HJE BR éé@e fn@ﬁﬁﬁﬁg l?ﬁmtl@qumrm%%f 4! %%lait heqrhngagﬁg%%or de
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resi st a‘HE 3 tYickpggs o 40 tﬂs&@ nrrglsy phemgﬁ\éDe:lrespnnﬂﬁ% AnﬂZO nrh thivkRiebAr abl e

t hatipt hexyn@siget de u l.ess .t han 20 /20cm

The : re3|yé1t| v?tfgﬂclgﬁm%e({ @%ﬁ%ﬁ@)ﬁngg] g&‘ﬁ %’%ﬂéaté‘?%/ m isnQjrlingited wythis| m

but fortyea8ksilicen aryrdtridetfiler, of aowrsereiny Oltmllklisiulaym@fﬂﬂﬁQbﬁtaﬁﬁﬁ SQQOQ}% en

W t hin I i zat on is 17 2005 i nhi bi and’t he

film be%gt?rr%%s,\é% gh? }g’ ?e:lt%‘gér{coé 1 MW‘P%‘E%W&W %&xﬁﬁkpi% yhen uwggggm or |

99. 99% ¢xde tfum,uﬂedam be sforbérbynglasina asah tign Hﬁxtﬁlper r@fnﬁEbgeggyr;éﬂlwrp whil e
ase

t aki n that. no inpurities fromthe gas
intr oguc {C%k‘ﬁ ?%@?Sfe%tlpwr$%w FORa, ‘Y‘Fﬂétfheégb%gaﬁﬁvﬁeuwem‘tm@ sefr@@ bQecm

'?‘anl??a n:qiﬁﬂnoade BndNoy ﬁlsthﬂ‘gmgaittahﬁgﬂgﬂeﬁt%cgi'(f§t56 ROIPHGLLNE phbem dcg‘nsatyI s a
0£%0! g o}b %ﬁﬁ:m Good characteristics as a gate insulating film can be obtained by

subsequently performing thermal annealing, at between 400 and 500° C, of the silicon oxide
film thus manufactured.
A first conductive film 108 and a second conductive film 109 are then formed on the
20 gate insulating film 107 in order to form gate electrodes. The first conductive film 108 is
formed of a Ta film with a thickness of 50 to 100 nm, and the second conductive film is
formed of a W film having a thickness of 100 to 300 nm, in Embodiment 1.
The TaN film is formed by sputtering, and sputtering of a Ta target is performed in
a nitrogen atmosphere. The W film is formed by sputtering with a W target, which can also
25 be formed by thermal CVD using tungsten hexafluoride (WF,). Whichever is used, it is
necessary to make the film become low resistance in order to use it as the gate electrode, and
it is preferable that the resistivity of the W film be made equal to or less than 20 ufdcm. The
resistivity can be lowered by enlarging the crystals of the W film, but for cases in which

there are many impurity elements such as oxygen within the W film, crystallization is
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conductive filmis a Wfilmin Enbodi ment 1, the conductive fill isAdE eyt
limted to these. Both nay also be forned froman el enent selected from
the group consisting of Ta, W Ti, M, A, and Cu, froman alloy materi al
havi ng one of these elenents as its main constituent, or froma chem cal
conpound of these elenents. Further, a sem conductor film typically to a
poly-silicon filminto which an inpurity el enment such as phosphorous is
doped, may al so be used. Exanpl es of preferabl e conbinations other than
that used in Enbodinment 1 include: formng the first conductive film by
tantalumnitride (TaN) and conbining it with the second conductive film
formed frogma Wi formng the first conductive filmby tantalum

ni tri de TRikgd. and tfb‘g}rﬂﬂﬁ hegpgnasthigh tdslﬁmes@cuhdr@mmdumglamrfty bfobeoned from

an 15 I irst conductive film by ntal umnitride
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film nasffisiem gareothat 6o ampufitesrérdomeet gdsr e asd Ritrodabél] & fhlelfthe %gcqmyng
processg, rfar ler. t o~formel ectrodes and w rings.
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i nsul at gsegzgncpc% (fgp 2%} f{o The I ectl vity of a silicon oXynitride
film vm respec T W 1‘81’40"{‘{“%&?1@51@%031}1“0@% itthdwef or e
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film.i SAT% hed c{)%)[rt hi s over-etching tpr ocess. First shape conductive Tayers

118 Yo (‘I‘I m&f&ﬂw@ﬁc,ftrﬁkﬁémﬂa%‘ff‘s im By tangalumanitriged Tedg ond combiting itve

| ayers i cechddlobnaicve AASHEd BBt PLy I, T1rst conductive Tayers and
t he second conductive | ayers in accordance
asks 110 to 116 are formed next from resist, and a first etching process is

performed in order to form electrodes and wirings. An ICP (inductively coupled plasma)
etching method is used in Embodiment 1. A gas mixture of CF, and Cl. is used as an

20  etching gas, and a plasma is generated by applying a 500 W RF electric power (13.56 MHz)
to a coil shape electrode at 1 Pa. A 100 W RF electric power (13.56 MHz). is also applied
to the substrate side (test piece stage), effectively applying a negative self-bias voltage. In
case of mixing CF, and Cl,, the W film and the TaN film are etched to the approximately
same level.

25 Edge portions of the first conductive layer and the second conductive layer are made
into a tapered shape in accordance with the effect of the bias voltage applied to the substrate
side under the above etching conditions by using a suitable resist mask shape. The angle of
the tapered portions is from 15 to 45°. The etching time may be increased by approximately

10 to 20% in order to perform etching without any residue remaining on the gate insulating
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with the first etching process. Reference nuneral 117 denotes & Zgdt& 2005
insulating film and the regions of the gate insulating film 117 not
covered by the first shape conductive layers 118 to 124 are made thinner
by etching of 20 to 50 nm Further, the first shape conductive |ayers 118
to 124 are formed by etching one tinme 10 in Enbodi ment 1, but they may

al so be formed by a plurality of etchings. A first doping process is then
performed, and an inpurity elenment which inparts n- type conductivity is
added. (See FIG 2B.) lon doping or ion injection my be perfornmed for the
met hod of doping. lon doping is performed under the conditions of a dose
anount  of from 1x101'" to 5x10" atoms/cm and an acceleration voltage of 60

to 100 kaV. ﬁelsﬁl&ﬁf/its?‘éf% sﬂl‘?’c@neo%ﬂ%ejfﬁ :\}vgﬁrnz%ﬁgea B ﬁahﬁ H{)E‘,Oﬁ_pglorgus (P)
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conductive layers 118 to 122 become masks with respect to the n-type conductivity
imparting impurity element in this case, and first impurity regions 125 to 129 are formed in
a self-aligning manner. The impurity element which imparts n-type conductivity is added
20 to the first impurity regions 125 to 129 with a concentration in the range of 1x10® to 1x10>'
atoms/cm’.
A second etching process is performed next, as shown in FIG. 2C. The ICP etching
method is similarly vsed, a mixture of CF,, Cl,, and 0. 1s used as the etching gas, and a
plasma is generated by supplying a 500 W RF electric power (13.56 MHz) to a coil shape
25 electrode at a pressure of 1 Pa. A 50W RF electric power (13.56 MHz) is applied to the
substrate side (test piece stage), and a self-bias voltage which is lower in comparison to that
of the first etching process is applied. The W film is etched anisotropically under these
etching conditions, and Ta (the first conductive layers) is anisotropically etched at a slower

etching speed, forming second shape conductive layers 131 to 137 (first conductive layers
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more. For exanple, after performing etching with a gas mi xtule? fUcr200and
C,, etching may then be perfornmed using a gas m xture of CF,, O, and O..
The etching reaction of a Wfilmor a TaN filmin accordance with a m xed
gas of CF4 and Cl12 can be estimated fromthe radicals generated and from
the ion types and vapor .10 pressures of the reaction products. Conparing
t he vapor pressures of fluorides and chlorides of Wand Ta, the Wfluoride
conmpound WF6 is extrenely high, and the vapor pressures of WCl5, TaF5, and
TaCl5 are of simlar order. Therefore the Wfilmand the Ta filmare both
etched by the CF4 and O, gas m xture. However, if a suitable quantity of
O is added to this gas mxture, CF4 and O react, formng CO and F, and a
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from | x Piggsure is increased. On the other hand, even if F increases, the etching speed of Ta does
not relatively increase. Further, TaN is easily oxidized compared to W, and therefore the
surface of TaN is oxidized by the addition of 0.. The etching speed of the TaN film is
further reduced because TaN oxides do not react with fluorine and chlorine. It therefore
20 becomes possible to have a difference in etching speeds between the W film and the TaN
film, and it becomes possible to make the etching speed of the W film larger than that of the
TaN film.
A second doping process is then performed, as shown in FIG. 3A. The dose amount
is made smaller than that of the first doping process in this case, and an impurity element
25  which imparts n-type conductivity is doped under high acceleration voltage conditions. For
example, doping is performed with the acceleration voltage set from 70 to 120 keV, and a
dose amount of 1x10" atoms/cm’, and a new impurity region is formed inside the first
impurity region formed in the island shape semiconductor layers of FIG. 2B. The second

conductive layers 131b to 135b are used as masks with respect to the impurity element, and
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to 1x10'9 atons/cnB in the second inpurity regions, and beconmed) £r by 13000~
to I x10" atonms/cnB in the third inpurity regions. Further, an exanple is
shown here of perform ng the second doping process with the resist masks
as is, but the second doping process may al so be performed after renoving
the 10 resist masks. Fourth inpurity regions 151 to 156 added with an
inpurity elenment having a conductivity type which is the opposite of the
above single conductive type inpurity elenment, are then forned as shown in
FIG 3B in the island shape sem conductor |ayers 104 which form p-channel
TFTs. The second conductive |ayers 132 and 135 are used as a mask 15 with
respect to the inpurity elenent, and the inpurity regions are fornmed in a
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regi ons is g?l uennc@(g?%@&}tdﬁ%ﬁff fslta??% %%glgzggheo%onF?{grat@Bﬁﬁﬁ%‘Pﬁféomgif3—:82 whi ch
have a 'PadFdPedtemsipar amthe $psonth smpatifynggionknaddbqrosiss ifais 1aD0Y €o tIRED'™

sem congMat o3k Meird SiAl i he second dopi ng process, and the
concentr at %@n cl) Mlt%hglrdﬁﬂgg]tjj}rllg{rﬁg%fl ‘ment added into the fourth inmpurity

regions al sducthengesxadplelisghoviit ere efparfamasetetaiid dopiddsrobQSRARL ¥ e

i sl and rgm‘prﬁasiggg%ogdﬁﬁtor Igyers b t he ab?ve procesSes. The second
conductve Tayars 131 t'6548R Wgﬂgé%ﬁ?%@nlaﬂé sodesdosmee attergemor medhet or

| ayed s resisiahagks. as gate el ectrodes. Further, reference nuneral 137 denotes
the regions Ff&ﬁﬁﬁ“ oning as. the island shape source wrings, reference

nureral 134 tEPUIERECRIO8F dnd Touhet iagfech §viths an Hawpysite clemant deyingnd
L enoadeataneplai s 16, oot o Suls WRCHUELTS 22
0 the FEBPECAT teeni [Brmapdiasthape inddqi 2B imibetidand shape semiohtenopleydronfed, as
Shont | SIS, P SO My A S O
addi't i otith resgedt tamhedaipunty deuentapidithe hiepurty rapiveasbiefgribdT A) a sanargsag be
appl i €dnanper, The island shape semiconductor layers 103, 105, and 106, which form n-channel
TFTs, are covered over their entire surface areas by resist masks 148 to 150. Phosphorous
is added in differing concentration to the impurity regions 151 to 156, and ion doping is
performed here using diborane (B,H,), so that boron is also added to the fourth impurity
20 regions 151 1o 156 with a concentration of 2x10° to 2x10°' atoms/cm®. In practice, the
boron coutgined in the fourth impurity regions is influenced by the film thickness of the
conductive layers which have a tapered shape and the insulating film in positions above the
semiconductor layers, similar to the second doping process, and the concentration of the
impurity elemen_t added into the fourth impurity regions also changes.
25 Impurity regions are formed in the respective island shape semiconductor layers by
the above processes. The second conductive layers 131 to 134 overlapping the island shape
semiconductor layers function as gate electrodes. Further, reference numeral 137 denotes
the regions functioning as the island shape source wirings, reference numeral 134 denotes

the regions functioning as the gate wirings, and reference numeral 135 denotes the regions
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Thermal annealing is performed with an oxygen concentration equalﬂgo %? 2

|l ess than 1 ppm preferably equal to or less than 0.1 ppm in a nitrogen
at nosphere at 400 to 700C, typically between 500 and 550C. Heat treatnent
is perfornmed for 4 hours at 500C in Enbodinent 1. However, for cases in
which the wiring material used in the wirings 131 to 137 is weak 10 with
respect to heat, it is preferable to performactivation after form ng an
interlayer insulating film(having silicon as its nmain constituent) in
order to protect the wirings and the |like. The top view of the pixel
portion after the activation step is shown in FIG 6. The portions which
correspond to FIG 1 to FIG 5 are indicated by sane marks. The line of C

15 C |nflr:] to the cross sectional viewcut the line GC in
FIG 6. Th Eﬁ?mﬁ%%Q He %—B%]gor‘“ﬁl“é? 3 correspond to the spherical view cut
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source regions, and drain wrings 162 to 164 for mn cont d
drain regions, of the island shape sem conductor Iayers in a driver

circuit 406 &ghe tbhelew of (e t; 407 [ :
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In addition, heat treatment is performed for 1 to 12 hours at 300 to 450°C in an
atmosphere containing between 3 and 100% hydrogen, performing hydrogenation of the
island shape semiconductor layers. This process is one of terminating dangling bonds in the

20 island shape semiconductor layers by hydrogen which is thermally excited. Plasma
hydrogenation (using hydrogen excited by a plasma) may also be performed as another
means of hydrogenation.

When the case of using a laser annealing method as a activation process, the laser
light such as an YAG laser can be irradiated after forming the protective film from silicon

25  oxinitride film and performing the above mentioned hydrogenation.

A first interlayer insulating film 157 is formed next of a silicon oxynitride film having

a thickness of 100 to 200 nm. A second interlayer insulating film 158 made of an organic

insulating material is then formed on the first interlayer insulating film 157. Etching is then

performed in order to form contact holes.




between the island shape source wiring 137 and a pi xel TFT 4040 2arhls 2005

el ectrical connection is also nade between the gate wiring 166 and the
first electrode. The pixel electrode 167 forns electrical connections with
t he i sl and shape sem conductor |ayer corresponding to the active |ayer of
the pixel TFT (corresponding to the first sem conductor layer 172 in FIG

1) 10 and the island shape sem conductor |ayer formng a storage capacitor
(corresponding to the second sem conductor layer 173 in FIG 1). Note that
the pi xel electrode 167 is shared between adjacent pixels. The driver
circuit 406 having an n-channel TFT 401, a p-channel TFT 402, and an
n-channel TFT 403; and the pixel portion 407 having the pixel TFT 404 and a
storage 15 aC|tor 40? can_thus be forned on the same substrate. For
conveni ence, f%ﬂ PYRESoFY éfUBél et éorming epalacksawith sagrcarregmms venddtain X

subst ratiings ovghay 1641i: BRG] eathoR wFRCamie RISl TFTndOhugh the
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functio as a slour ce reg?onnaa&dl: mPﬁl?%é%l%ﬁHg %}16(5 %%kﬂae %égés e‘f)i xel
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Substrate 1s referred to as an active matrix substrate throughout this specification.
The n-channel TFT 401 of the driver circuit 406 has: a channel forming region 168;
the third impurity region 143 overlapping the second conductive layer 131, which forms a
gate electrode, (GOLD (Gate-Overlapped-LDD) region); the second impurity region 141
20 formed outside the gate electrode (LDD (Lightly-Doped-Drain) region); and the first
impurity region 125 which functions as a source région or a drain region. The p-channel
TFT 402 has: a channel forming region 169; the fourth impurity region 153 overlépping the
second conductive layer 132, which forms a gate electrode; the fourth impurity region 152
formed outside the gate electrode; and the fourth impurity region 151 which functions as a
25  source region or a drain region. The n-channel TFT 403 has: a channel forming region 170;
the third impurity region 145 overlapping the second conductive layer 133, which forms a
gate electrode, (GOLD region); the second impurity region 140 formed outside the gate

electrode (LDD region); and the first impurity region 127 which functions as a source region
or a drain region.
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the semiconductor |ayer which functions as one el ectrode of th8 2t8i0agals
capacitor 405, at the sanme concentration as in the forth inpurity regions.
The storage capacitor 405 is forned by the second el ectrode 135 and an
insulating | ayer therebetween (the sanme |ayer as the gate insulating
film. Further, an inpurity elenment which inparts p-type conductivity is
added to in the sem conductor film 106 because the second el ectrode 135,
which is an el ectrode of the storage capacitor 405, also functions as a
gate el ectrode of adjacent pixel thin film transistor. Simlarly, the
first electrode 134 functions as a gate el ectrode for the pixel electrode
167 and alsoaéunctlons as an el ectrode of a storage capacitor for the pixel
el ect r ode ¢ piffil d Fledid ptdhe pixglpartibh bas: oarclﬂnsalﬁbfmﬁltgeé@@ﬁ 192p@e itk

whi ch i smpedgu # as in or less in
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(|nclud ele trad
sourlce r |l %lg& %7% B Fsbgén i#goRaly rpalﬁ?r i gigiueshie wotep o amivel! st‘ruthﬂé as
patter nshcavrcnn‘flgcm eodugtaprRtfoe s mrg@g\;gea@p@%gew ring pattern (including

pi xel electr
Rqop view of the pixel portion of the active matrix substrate manufactured by

Embodiment 1 is shown in FIG. 1. The portion which correspond to the FIG. 2A to FIG.
6. The line A-A’ of FIG. 1 corresponds to the Line A-A’ shown in FIG. 4. The line B-B’
20 of FIG. 1 corresponds to the Line B-B’ shown in FIG. 6.
Consequently, with the active matri¥ substrate having the pixel electrode of the
present invention, the first electrode 134 a part of which is functioning the gate electrode

and the gate wiring 166 are formed in different layers so as to shield from the light the
semiconductor film by the gate wiring 166.

25 Further, with the pixel structure of the present invention, source wirings is arranged

SO as to overlap in edge portions of the pixel electrodes such that the gaps between the pixel
electrodes can be shielded from light without using a black matrix.

Above mentioned pixel structure can make it possible that pixel electrode having
large area can be disposed so as to improve the aperture ratio.
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167, connection el ectrodes 165 and the gate wirings 166). As g peAubt200bhe
processes can be reduced, and this contributes to a reduction in the

manuf acturi ng costs and an increase in throughput. Moreover, although the
exanpl e where the gate el ectrode and the source wiring are 10

simul taneously formed is given in this enbodi nent, another mask may be
additionally formed and the gate electrode and the first el ectrode may be
separately forned in different nmanufacturing steps. Specifically, a
portion overl apping the sem conductor |ayer which is to serve as a gate

el ectrode is first formed. After successively adding an n-type or a p-type
inpurity elegpnh to the portion serving as gate el ectrode and activating
this portionfUTRETE.dD 2¢epTeprGer Wi éhe profenseeshosm msEmbodivient aptht herigat e

el ect r oggatrift i Ste P& en t.he te el ectrode and the
first electroﬁgg?gﬁfgyﬂgﬁ ﬁ%§9%§a§%?ﬁ§%§%§gcﬁﬁ?d@?%W®F§Gbﬁ¥lﬁgwgfwhmv:
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i1 gat o eiesodS % nBIRETI Whring 431G &sobiin pdaicaeianeonsot-abnael al of
the f5 r §iFlepasietn, adenaathdlbpatany ar! aecbiOwirdih ﬁ#i&b@@h@i%efng?éx@regéﬁq&tgﬁgé of

manuf act ugi an. active matrix |iquid crystal display devi

active %g?’réz)%ngé}boéltql%c}t{@dﬁﬁié# %‘E‘{G‘Féétel WUEeH 86 ket 2 rEsill, tha progessesicdehow i n
Enbodi mestuce®. anblitiis donirfbutead o REusH BXRL andtk rjn?%i ! | {3le,0P1 @i ni ng
the active matrix substrate of FIG 4 in accdrdagnﬂlce C(ﬁ? "&En%no CHERE ™M, an
ori ent af'FBHEtfH‘ﬂ‘-m 567 is forned on the active matri x substrate of FIG 4,

-and a rubbi NYdEReeSSthos f ' trate 569 is .prepared.
Col or filt ‘ﬁ%‘ Jayers 570 %ﬁg{%%@gengﬁ%ﬁqg%gér%g%g rg&%%cf%‘fgmﬁg ‘f‘gg on

t he VppSEFhiingersdy fermedsisgivathin s embodirment, hagthers masle n2fy 8 2ddit#nA005
formed suetedthaat ' Y. 570, having a . red colar, and the
color filter agglthé Eﬁ‘%&ﬁﬁg@ %'{l%g{ecf(k)r oeﬁgag)lﬂg “25"{73?‘“1% ﬁ’@&e]%ﬁg‘?rﬁleé{dﬂﬁh $’RBY , and
al so sefpeubstuging sgips. Sipeeifidaling afpiortion ovdrlappinzatesanicyndtshagddviath keast

t he spa Ts, th nnection el ectrodes and the pixel
el ect rogﬁ%rg\iéﬁgsfhgg{rgge Esfggﬁntggpggo EhBAF Rty Adding 8 pPHEPEPGF BV i S 5

pr ef er abhpurithigtemdnttorthd poniorsefviihg £ gatadleetidiR apk et thiipb IS tHa i st

arr alggegleﬁt?o@esistfgnge\fﬁsrol &Ro %Ggrlap the gate electrode. At this point, a contact between the
gate electrode and the first electrode is formed not by forming a contact hole but merely by
superposing the first electrode on the gate electrode. Moreover, the source wiring is formed
simultaneously with the first electrode. This allows the utilization of aluminum or copper

having a low resistance as a material of the first electrode and the source wiring.

20
[Embodiment 2]
A process of manufacturing an active matrix liquid crystal display device from the
active matrix substrate manufactured in Embodiment 1 is explained below in Embodiment
2. FIG. 5 is used for the explanation. |
25 After first obtaining the active matrix substrate of FIG. 4 in accordance with

Embodiment 1, an orientation film 567 is formed on the active matrix substrate of FIG. 4,
and a rubbing process is performed.

An opposing substrate 569 is prepared. Color filter layers 570 and 571, and an

overcoat layer 573 are formed on the opposing substrate 569. The color filter layers are
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shield the necessary positions. Further, conbined wth the conneclibrils 2005
el ectrode 165, the red color filter layer 570, the blue color filter |ayer
571, and a green color filter layer 572 are overlaid, formng a spacer.
Each color filter is formed having a thickness of 1 to 3 mby mxing a
pigment into 10 an acrylic resin. A predeterm ned pattern can be forned
using a mask which uses a photosensitive material. Considering the
t hi ckness of the overcoat layer of 1 to 4 m the height of the spacers can
be made from2 to 7 m preferably between 4 and 6 m A gap is formed by
this height when the active matrix substrate and the opposing substrate are
j oi ned together. The overcoat layer is formed by an optical hardening, or a
t her nosefdringd.sudP (1 98Pi-6 - 68l.0 matecial , .and materials such as polyim de
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as to cmhéaidshnmimss&)r?(ﬁggﬁm%nd drain wirings. An opposing electro 6 is
formed by patt erni ng after formng the overcoat |ayer 573, and a rubbing
process is perfOFtsAmbincs with i engnactioor dlerttaiel 193, el (8 53tbr RS, ﬁp@%i ve
mat ri X shbdslieadBoOfMN i;xel _portjon.and the driver circurt aré
formed, and the opposi ﬁg&sﬁﬂgtaggi%egrggréCPlr?éR‘l}eéi]ﬁ‘@ﬂ et heerldiy, formerd ant
568. A PPR§%Er Epch Calpsdilteriinfoomet baviaghamtkB8 of ansh %H%}Mﬁ@?é} rat PRud e
joi nedl taQoRiNes réc’f“iiﬁ.hﬁ u 'efteorme[qgg mai nt ai ned by the fi g ChEe
spacersipéAt I1quid crystal nat8ri-aPas78 Ga8 b &ermed esingd mbsk werh hedsha t he
subst r aPBOOseRPitiYE maicsiat oBphating meahierndy o si lip terial (not
26 sShowpgj ‘Bf]ﬁ’e’;%é?égseé' A kn8v\€r i quid crygta@%ae?%(?&?gqyeﬁggpgoegﬁ%dhés the
i quid gré@ta eff af”! "THBIatory € erd it prefeeplilyl betmest alandicsphay gayi ce
shown i #s FIrgedDyi thig Inight whep Rt &eive ndt i The structure of the
act'i Ven@béé% H qui g.hcrgst al displ ;§/ de%g%l %Emg}heo%[ipéﬁsﬁ’&ﬁu‘%ﬁratﬁﬁ%g
Enbodi ment 2 Vi ferp &hg glencpaidayanis formed dyenameptical lidideding o¢la@Weraioskhidg, 7A
The 15 organic resin material, and materials such as polyimide and acrylic resin are used, for
example.

The arrangement of the spacers may be determined arbitrarily, and the spacers may

b . . .
¢ arranged on the opposing substrate so as to line up with positions over the connection

electrodes, as shown in FIG. 5, for example. Further, the spacers may also be arranged on

2 . _ . . -
the opposing substrate so as to line up with positions over the TFTs of the driver circuit,
The spacers may be arranged over the entire surface of the driver circuit portion, and they
may be arranged so as to cover source wirings and drain wirings.
An opposing electrode 576 is formed by patterning after forming the overcoat laver
573, and a rubbing process is performed after forming an orientation film 574.
25

The active matrix substrate on which the pixel portion and the driver circuit are
formed, and the opposing substrate are then joined together by a sealant 568. A filler is

mixed into the sealant 568, and the two substrates are joined together with a uniform gap

maintained by the filler and the spacers. A liquid crystal material 575 is then injected

between both the substrate, and this is completely sealed by using a sealing material (not
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conponents corresponding to those in FIG 5 are designated by thd AHdfe? 200%
reference nunerals. 10 In the top view shown in FIG 7A the pixe

portion, the driver circuit, an external input termnal 203 to which an
FPC (Flexible Printed Circuit) is bonded, a wiring 204 for - connecting the
external input termnal 203 with input sections of the respective circuits,
and the like are forned on an active matri x substrate 201. The active
matri x substrate 201 and an opposing substrate 569, on which a col or
filter and the like are formed, are bonded with 15 each other, sandw ching
an end-sealing material 568 therebetween. A light-shielding film207 nmade
of ared color filter or a lamnation filmof a red color filter and a

bl ue colsépwhiintthe figurd)orArkdosn lidved eppel msatefigoasy bé usedad @neVMc%iu{ilﬁr}tg{a?e
at face

driver it nd a ource rin e ver circuit 20
t he cou é‘er&qglubsﬁ] we diquf aqz%‘égl%r‘#é’&eoﬁhqvﬁ'é i F Gace isfthuke

pi xel paowmpieted07 faC| ng the counter substrate 20 is provided so that each
of red (R, green (G and blue (B) color filters corresponds to each

pi xel . For practical display, color display is realized by color filters of
t hr ees cdEnitdimes 3] @ red color filter, a green color filter and a blue
color filter, The arrangenent of col or fllters of these three colors is
arbitrary. FIIG8STEUEnD CéC%Y%glgt@’e]equléﬁa{Sta&ﬂ@Ma)Tdewm (BXG eF)ruitaibepbiy

ter m nalus#SERBOUANd 2 FA B BesctBel YA ALANG: I bPSiQL JF G, 7M1 he

external termnal 203 is formed on t ctlv

subst r at"@MPLRENGS scrEssperding to othasanin iFiG. 251 ard designhted byhhesaume kefyencas
“that of pigaigate wiring by the wiring 209 formed of the same |ayer as the
pi xel electrode for reducing an interlayer capacitor and a wiring

resi 82 ance t dn phetoprvievsbodelie 6. AAetHepixdlrppakbn) ho it drecinhuitl MdefeQN

occurri I.nt ulating film 158 27 0 2 AUG 2005

t her ebe? e\’%e %ﬁ%ﬁﬁg&% JAHEP G&Fﬁ’? @?&Ef&%ﬁmtﬁ Sirsuithig bandgd, 2rigirmgEidoponded

with t he:oaxd:c&mlgahe extprkl 1&1@ﬁﬁbﬂﬂﬂnabéﬂﬁﬂﬁl@ﬂipﬁ@iercﬁ@h%ﬁh@Eétsfy%&ﬁ‘r'e 'c}fc&?s?gl'x’&t | ve
a reinforcing

resin Zjltée hg ge %{ nmechani cal strena i S enhanced

plate 2 © HCEOTRE! Q8 BRhACHYramaIXSuREIats ABLxt Tb%?@ﬁwanatm:-;wﬁrai@t?&l hnd whi ch
IS a craasppesing eobdtratd/sENoaiwH [ I G
8A. The e%)_tépgr na‘lg a\g}:ﬁj terr?l r\lﬂallb@%%ﬁ)ﬁ:ﬁg\%ar{edghg}llﬂ?hreesfgﬁhw%{é{;ﬁggéd Ill\je_ ,

mat r 1% $A6%PIhsE-Sapdwichingsan snsl-sqeling gnagerial 568 thedekytwedre

_ A light-shielding film 207 made of a red color filter or a lamination film of a red
color filter and a blue color filter is formed on the upper surfaces of a gate wiring side driver
circuit 205 and a source wiring side driver circuit 206 that face the counter substrate. A
color filter 208 formed on the surface of the pixel portion 407 facing the counter substrate
20 is provided so that each of red (R), green (G) and blue (B) color filters corresponds to each
pixel. For practical display, color display is realized by color filters of three colors, t.e., 2
red color filter, a green color filter and a blue color filter. The arrangement of color filters

of these three colors is arbitrary.
FIGS. 8A shows a cross sectional view of the external input terminal 203 shown in
25 FIG. 7A taken along the line of F-F*. The external terminal 203 is formed on the side of the
active matrix substrate, and is connected to a wiring 211 formed of the same layer as that of
the gate wiring by the wiring 209 formed of the same layer as the pixel electrode for
reducing an interlayer capacitor and a wiring resistance to prevent the defects due to

breaking of the wiring from occurring, sandwiching the interlayer insulating film 158
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sane |ayer as that of the first electrode and the source wirin@ Zakd5t Rg5
wiring 209 formed of the sane |layer as that of the pixel electrode. It is
apparent that it is nmerely an exanple 10 showi ng the structure of the

term nal section and that the external term nal section nmay be constituted
by either the wiring 211 or the wiring 209. For exanple, in the case where
the external termnal section is constituted by the wiring 211 fornmed of
the sane layer as the first electrode and the source wiring, the
interlayer insulating filmoverlaying the wiring 211 is required to be
removed. The wiring 209 nmade of the sane |ayer as that of the pixel 15

el ectrodg i@ﬁﬁwgggrlple |l ayered structure of a Ti film209a, an Al film 209b
and a Sn ? The FPC is formed by the base film 212 and the wiring

213. Thi s TheFbGYin2halimnd babefi il Dend 309irf %rmots @Bn&&ﬁwﬁﬁr{ﬁe LAYRG) pHut Nat
of theQ lnalebectrode are bonded wi th each other an ani sotrop
y

el ectri call ¥ conal A0y ORI glerisally frendictivg rﬁlnglﬁhememgnaﬂhema{/e 214

and el en*engthastéma@ewupbIrmgfd}afnglgﬁé@@l@16 di spersed therein, thereby
for msng an eé&c’ %la ﬁ 20 connection structure. On the other hand, FIG 7B
is atross-s &POVF Eif witenmpkingut wrmial RApin dcteﬂ,mvtm:h is 26Bssheatioriah FI G

7A, takefevabofE dxt@nhl REmRY d r the el ectri y
conducti ve B&Ltl cle 216%61}55%:%0“ Y gﬁhzﬁgl ?%r]re[to mal ]PPWg[e%@af:%i

Accor di REPYIde,88 ths sige of Hag agtive lﬁ&tﬂﬂrwbsifattt hrethsieectmerwuaig Y1 T fudhedtof e
particl @gme e te 244..1.s 25 appropri at el ectrjcal
connect i orrr11 vlﬁteh S?ﬁgfiﬁg?gg%oﬁtﬁgg\%ﬁ # |M]n Sﬁcet"ﬁgngf“ﬂgﬁlﬁ‘g ?ﬁﬁéosa t)
formed W fasee layanas ﬁxgt ohthe pmef electroahg wm rapparemighacaris m¥rély G- exhhiplact i ve
mat r red as. descri bed above can

Do 1A% shWidh (GE X Alrc R B e S L BB, Flte b for st accting TR G
2005 [ Enbmntmedﬁ;yzeimamemhugmm& muaw&u@szogatf%rréﬁaﬁmcwﬂh@@aée%ﬁé}g?ﬁé ment
1 can b ection-type displ %1 evice w thout any further

t

nmanuf act %ﬁ%ﬁ%& t%%ﬁ@s%“%“t"ﬁé‘%‘?ﬁ@r by g viring klfermeg ef tisssemedayer as the
$i d,
transni gsitefectppeand @Yisohuiet Ustial, sk ﬁwr&ygxgﬁ%ﬂﬁg@ﬂp‘% fild (S)Vég?ilyﬁ'x @Q%ﬁﬁr@%ﬂ gd, a

pi xel el ect rod& (g)row ded for_each pi xel orrred
of a trXhEH4IEn{o 8F deWpyek. Ting ‘F’r’ﬂflg tboaterehithe aam@idy@damhamﬂuieapbmrl ng

0, e Rt B SR 1 kOO o A A A4
he FPC is formed by the base film 212 and the wiring 213. This wiring 213 and the wiring
209 formed of the same layer as that of the pixel electrode are bonded with each other by an
anisotropic electrically conductive adhesive consisting of a thermosetting adhesive 214 and
electrically conductive particles 216 dispersed therein, thereby forming an electrical
20 connection structure.

On the other hand, FIG. 7B is a cross-sectional view of the external input terminal
203 shown in FIG. 7A, taken along the line of E-E’. An outer diameter of the electrically
conductive particle 216 is smaller than a pitch of the wiring 209. Accordingly, assuming
that the amount of the electrically conductive particles 216 dispersed in the adhesive 214 is
25 approprate, electrical connection with the correspoﬁding wiring on the side of the FPC can

be formed without causing short-circuiting with an adjacent wiring.
The active matrix liquid crystal display device manufactured as described above can

be used as a display region of various electronic appliances.
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For the manufacture of the active matrix substrate, the manuf Gk Lﬂﬁ%éﬂgs
process up to 1o the formation of a contact hole reaching a sem conductor
| ayer is conducted, followi ng the process of Enbodinment 1. Next, the
connection el ectrode 165 for connecting the source wring 137 and the
source region, a gate wring 300, and a connection el ectrode 301 for
connecting the drain electrode and the pixel electrode are forned (FIG
9A). These electrodes and wirings are obtained by form ng an el éctrically
conductive nmetal filmby 15 sputtering or vacuum evaporation before
patterning. The structure is described in detail with reference to FIG
9B, taki t he connection el ectrode 301 as an exanple. A Ti film30la is
f ormed tgigrﬁbqqip’él&'r@ss of 50 to 150 nmso as to forma contact with a

sem conduct or ] regien,or. a drain regiaon of an

i sl and shape ,Ziﬁyﬁg’ﬁdﬁ%?’té‘rg‘ﬂ%égéf %%ﬂj{% ﬁrefdi ﬁ'mg@B%%mfeé'?flo?%Be gB&éedt i 8kness
of 300 t&izedommpsalispiay deiormithput frey Mirther mang0ibeurimnpro28sst NBA tBe Biheki | M
301c or i t:anj pLtride (Ti filmis formed thereon . to a thickness of
100 10 D56 i ey bhilE, & it b G cerantel G, dSvier darobs a

t r anspar @arufstreed; k palel ylecroduprovided f daoh pikel of RGN pbRRBnGRY BEoPMES aCE
d to a patterning

of the trd -layered structure, .and is then subjecte

t r eat nen fa&gﬁaﬁgﬁén%eﬁ%q%s& %‘hﬁf’%@?dg‘iﬂﬁwr f‘nﬁ"e’m{é’d%fr#}%%ﬂ“f%%“ff@&ﬁ aptivpimedtix

el ect r odmb30Re ided ﬁmirxeetraﬁér@i@iibﬂ-@ﬂ)@Qéuiidsc_:rfyﬁﬁfrﬁﬁ;)fhgl @eﬁ&g?ﬂqeé&’fb@&i | BHET
ial, an

insulating film of an organic resin mate as a portion
over | app’ieﬂede‘?(f?emﬁﬁggggit&?él ectrode 301 of a pixel TFT 404 so as not to
‘bet t hrough a Eenk@shniab@re $0@E abyyd j I i.cal. connection.

Al ternati V$| y, a conlrllecti (r)en porti _OY’I I&r:%y _Bebstga?tﬁ’e}ggrrﬁhﬁﬁgn]fngglp @geﬁé uBr[%cess.
Fi rstid dheformation o gicoplesthale schipgaowsthiomduetor idyer issofiduaret] folowingahond

i nt er | aygbcddd i lmhi j er a ternin

treat men? ;nd arﬁ?ﬁ?&%‘l ?']r'g% trfg}r]l‘lzcﬁfflﬁgcé%gglﬁc?@% }%j #Gércﬁ{l?%g‘t itﬁgpoﬂce

el ect r odslringnb3 tanthdetsoorcegogivhon gate winimpgeD0s andis codhedtiongedutideman fhhe

cont act - O 1 t connecting,electrode in partial contact with

t he pi xe‘%b%éﬁg% gﬁc?e&gkgggecﬁgeelapgﬁge c?l”gell ﬁéecgﬁogﬁsaﬁ%lrfgﬂ’t?eﬁ[el(’é@-rf’éhl | Jhese

conduct ialectfadesnand redrings apei ctaibbd b93))rmi@§ aal dieotriedity aiduetive eekdSipngytin

oxi de; (10, Q. -Sn0 - | TO) or the t|>i ke can be fornmed by using sputtering,

vacuum evaporxt PofCBrmEREPaken beAprepatieinmg. (e strpehte is dpscabedindigtdkwibh s | s

conduct edfdynceusiFig. ABNwRGhE 0bhcAoh dldciBE 301 W hoBrariBIBCA 8 Fisshdye 1S
of indium oxide an

i kely t.o.be gener d in_the _etching of ITO an alloy
zine oxid gor(qeg{ g _afﬁifcgﬁ@? 0&&5 1} 2nmspiay & {prpe contact with'a semiconductor layer
that forms a source region or a drain region of an island shape semiconductor layer. An Al
film 301b is formed to a thickness of 300 to 400 nm so as to overlap the Ti film 301a, and
20 then a Ti film 301c or a titanium nitride (TiN) film is formed thereon to a thickness of 100
to 200 nm so as to obtain a triple-layered structure. Thereafter, a transparent electrically
conductive film is formed on the entire surface of the triple-layered structure, and is then
subjected to a patterning treatment using a photomask and an etching treatment to form a
pixel electrode 303. The pixel electrode 303 is formed on a second interlayer insulating film
25 made of an organic resin material, and has a portion overlapping the connection electrode
301 of a pixel TFT 404 so as not to be through a contact hole, thereby forming an electrical

connection.

Alternatively, a connection portion may be formed in the following process. First, a

transparent electrically conductive film is formed on a second interlayer insulating film.
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used to inprove the etching processability. Since the alloy of Qindilm2886 de
and zinc oxide to is excellent in surface snoothness as well as in thernal
stability as conpared with ITO the use of the alloy of indium oxide and
zinc oxide can avoid the Al film301lb fromcontacting the pixel electrode
303 on the end face of the connection electrode 301 to cause a corrosive
reaction. Simlarly, zinc oxide is also a suitable naterial for the
transparent electrically conductive film In addition, zinc oxide to which
gallium (Ga) is added (ZnO Ga) can be 15 used to enhance a transm ssivity
of visible light and an electrical conductivity. FIG 25 is a top view of a
pi xel . E}g pi xel shown in FIG 25 has an aperture ratio of about 56% The
conponent YT IPYRTRAY rEFMERband dhetrhigs tregitndnh peughd8@e drefodenbt pikel by

t he saneldcebas e I Bl G iiS. a..Cr -sectional, view o n

term nal_ porti on‘égbf0 ﬂgé?{og srﬁt@% i%orfl(-%tﬁyégesol Elisqrtlflﬂzl8 bfot%{:?‘i@t e nist &Q%dléxn ce.
The ext dPHRIPE|thpeannesting plartrpdaoini petalmontdoewith dee piket dlectantel Ve Mmbickkl
substra ' i: L] madg, of. the sane |ayer as the first

el ectr otgg.tg@ngbﬁﬁg&gggﬁggléa&gﬁoﬁééghﬁ ﬁ{’é’ Wj?‘i“haxgﬁéhhé agralloeofdagum ayer
as tHe @xids ansl dotaxidee (Ingdy-B8aDpl JLO) br itse likeesl he%rrﬁwmlﬁi@%t{&%n he
structurg.af  t.he trFe]trig‘i na} Ei%i on; the external input tefminal = may Be
formed By et herr PR hﬁél 3 QTFICRIRg tgatmeny famich magtenslarip renductedi e case
wher e 28singe: bydrechlaticiapfilitypt eblitial Sificd P rdRsheby 1&%@ ¥ B g&le’% %& if o dred of
t he sane | a erfe@t he first _electrode and the source wirifig, fhe

over | ayHGHER yoralioy of indipmpide aad sing egide (beOs-ZnbY mayeatwvmadivelfhise
‘Wiring 388 wEdprefe thhetch ifigy. t ' SYR- -
triple-l ayer ?gﬁj_st ryct ur g‘%?ﬂogy%éblgﬁ' rfctl_lg%egg,égg%}ekfﬁhﬁ%?n%%ﬁngﬁﬂmé)we film
- 309c!0 Alx TXegHFRIAR Syrbacersarantingsaas well @s in thetn@] 3008itpxs dempared heth' @Y, o Wher e

Al is exposelicafo¢ 8NFdst t : t] f .t J 4 309, so that
the A foTm Gsatiof afindh ’%?é@%ﬁ?‘@ﬂ’%’%?’%%%ﬁg§ﬁ tﬁaﬁ*k‘ﬁm&‘%{} EQHACHNE 303

t o causéhe pixeiotecsreide 80P eaché emd fathof HRCosection Bldtrbye BOEIhASS: § édfasdl? and
the W rin@idd3.q; Lk 313. and t he. wiring 309 made of the sane |ayer
as the p‘igh%glgﬁfelsé%p rgggfei:llg?g)x dclﬁanI SRRy fﬁnaé)i%ﬁla&rﬁglfort FoAgRParsRt eleftestibopi c
el ect ri canductivefidume tihwddaithe sine exidete vatfick ghINemTERAL$ hdgdadhesbypeals and
el ecti ﬁg‘%d% e%%glguct{' ve par.ticles. 36][6 .dji spersed thérein, thereby form ng an
el ectri &a SOHARE: 3 TANSIISSI¥RY, PEVisible light and an electrical conductivity. .

FIG. 25 is a top view of a pixel. The pixel shown in FIG. 25 has an aperture ratio of

about 56%. The components corresponding to those in FIGS. 9A through 9C are denoted
by the same reference numerals.

FIG. 9C is a cross-sectional view of an terminal portion of a transmission-type liquid

20 crystal display device. The external input terminal provided on the side of the active matrix

substrate includes the wiring 311 made of the same layer as the first electrode and the source

wiring and the wiring 309 made of the same layer as the pixel electrode. Certainly, it is

merely an example showing the structure of the terminal section; the external input terminal

may be formed by either the wiring 133 or the wiring 309. For example, in the case where

25 the external input terminal is formed by the wiring 311 formed of the same layer as the first

electrode and the source wiring, the overlaying interlayer insulating film is required to be
removed.

The wiring 309 made of the same layer as the pixel electrode has a triple-layered

structure of a Ti film 309a, an Al film 309b and a Ti film 309c. A treatment for forming an
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As descri bed above, the active matrix substrate allow ng the mebhdf &86uPW5of
a toreflection-type liquid crystal display device is manufactured with
five photonmasks in Enbodinent 1 while an active matrix substrate which can
be used for a transmission-type liquid crystal display device can be

manuf actured with an additional photomask (six photomasks in total). This
enbodi nent is described as conducting the sane manufacturing process as

t hat of Enbodi ment 1; such a structure is applicable to Enbodi nent 2. 15

[ Enbodi nent 5] In this enbodi ment, an exanple where a | am nate structure of
Ag and Al is used as a second wiring is showmn in FIG 10. The structure of
Enbodinent 5 is identical wwth that of Enbodi nent 1 except for a second

Wi ring pzmrﬁ@mnhe @giyn whparAl idiek peue@nd cdrldabled 28e MR ISR, of tl‘ﬂ% whri ,%93
descrlb “ﬁ 'f”mu‘ﬂfia odlnentdeqalamnate structure in I A?g of a
hi gh ref cetidfic & flm gk cag be prejreniy coBHEliBD e Pk clicrde B2 ta arise 609
i's nanufzam:ws&d: ehe¥idd aneously with a pixel electrode, a connection

el ectrode andré%rrg%ie wiring that are not showmn. A layer 609a is an
electrically witoemedyethe basrelion 31 anhthie wgriag Bodv ThsiviimgBEs ahiithe a

| ayers 608RinsS DI AR oF k%HeQEyérﬁs %%g)%gﬁeéﬁoéea%%o cge?iit \g'l%ﬁ] !aqrg:'%é@gerlaﬁgug i n

conmponent haV| ng a hi reflectanc a co
real i zat3nGRISLroRie @@Qtrivélmndw‘ctlwmﬁtesazleen:hmmnghemd%g g Rihk g6t 304 @nd@s

w th amesractlly EOARGHTE PEANEE 21 b ShE 000 DR oha e Terminacin B
exanpl eCIORDMIO(BFSUalcf[ﬁa' structure of an active matrix substrate differs from
‘that of Errb ”J:. éoexplhal ned in Enb%gl nent 6 with reference to FIG
11. A driver CI rcw P S EhoRes A AVF JBFEX cfuretiRie Poring themmnyictar ming a

firsto p-rcﬂemmml-typé ITEfaTd @b@tandisplap leond 8- rﬁﬁ&ﬁff@&hgeﬁ%tﬁ%c gﬂﬁmgnoarégggﬂr,] '

ci rcui taéa ? il' m a second n-channel 2;
having a”P {neﬂ: ]§ ag fgtiye ﬁ%‘r"é@‘@%@ﬁa‘&hl{cb lca“ QSASBdaEOé aft@mmadssm -tyhe
active rafuid krﬁs&ﬂlsdl d;ﬂh? dRRRWNCAnNbE |n%nu¥;;ctur-gﬁew1-ﬁlz-5nogd(flg§n O;ﬁ'locfomggr"kr fl’” t

portion %5 of the driver circuit forms a circurt suc
regi st ePRfARa5KE ipfotal)y This F'@Poéhmf‘émstdesmdtaheom‘ﬁtmg theremeanphifagudng cui t

856 basiptéddsy ad HabBf BRMAARhAA 1: such a structure is applicable to Embodiment 2.
15

[Embodiment 5]

In this embodiment, an example where a laminate structure of Ag and Al is used as
a second wiring is shown in FIG. 10. The structure of Embodiment 5 is identical with that
of Embodiment 1 except for a second wiring pattern. Only a part different from
20 Embodiment 1 will be described below. |
In this embodiment, a laminate structure including Ag of a high reflectance is used
as a draw electrode 609. The draw electrode 609 is manufactured simultaneously with a
pixel electrode, a connection electrode and a gate wiring that are not shown, A layer 609a
is an electrically conductive layer made of Al having a low resistance while a layer 609b is
25 an electrically conductive layer containing Ag as a main component having a high
reflectance. Such a combination allows the realization of an active matrix substrate having

a high reflectance as well as a low wiring resistance.

This embodiment can be freely combined with any one of Embodiments 1 to 4.
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to switch. These TFTs are formed by form ng channel form ng r@didﬁgézgghrce
regions, drain regions, and LDD regions in island shape sem conductor

| ayers 803 to 806 on a base film 802 formed on a substrate 801. The base
filmand the island shape sem conductor |layers are fornmed simlar to those
in Enbodinent 1. Gate el ectrodes 809 to 812 forned on a gate 15 insulating
film808 are formed having a tapered shape in their edge portions, and LDD
regions are forned using these portions. This type of tapered shape can be
formed by an anisotropic etching technique of a Wfilmusing an | CP
etching apparatus, simlar to Enbodinent 1. Further, a source wiring 813

and a sw- rode (capacitor electrode) 815 have a tapered shape. 20
The L regl 5%|§§tfc@r med utilizing the tapered portions are forned in order

to increaseAn exdmagle lin thrichfa TFTRa0o@ke JHakSacti# thadfiz %s&r%&tdiﬂ%%rﬁ&ﬁ%aqn due
egar

to the ndl .effect | s prevented by the LDD regions. i'ng the
LDD reg%%?gélglﬁg{ b5 PR a*Pﬁ%mgﬁ\gosﬁm%ﬁwlareéer&e@@ I&.dd. by an electric

field and addddveocis®mt IMghye b : rtions.of the gate
B e Ok lodit Probif POUAR 0%l PRy Blobbnin S bage

el ectr d throug
25 por ?F%R@,%] BVS ?awoaga-ﬂ@nﬁ@&m 85\ gnidrassamipbbg ceginio 858 8fade froses erdnk DD

regi on B3Kanne"MIFR 859 al ' 3. f.,or med out si de a .channel
fornin eg;lino 832 i%liaﬁaeﬁ%?l g’?lll ér;lh %ﬁ%’ﬁ%@?é %Elf( “’gﬁ?sgﬁ.a“ RO 3geLRAPAGHD

regi on aIﬁ‘sPOff@:eﬁréw 8 agve madnoe shlzgtratehshayat m BlGclIn ot §ET. of e &, an
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also formed having a simlar structure, and is conposed of a channel

forning regildrs@BETs arefformed by BRmiagicRin®3 Yo:0485 lr@g&ixsogoﬁﬂag r&%&}ﬁ akfgtrode,
[ ' 837. Yhe ot her
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regions are formed using these portions. This. type of tapered shape can be formed by an
anisotropic etching technique of a W film using an ICP etching apparatus, similar to

Embodiment 1. Further, a source wiring 813 and a second electrode (capacitor electrode)
815 have a tapered shape. .

20 The LDD regions formed utilizing the tapered portions are formed in order to

incresre reliability of n-channel TFTs, and on-current degradation due to the hot carrier
effect is prevented by the LDD regions. Regarding the LDD regions, ions of the impurity
clement are accelerated by an electric field and added to semiconductor films through edge

portions of the gate electrode, and through the gate insulating film in the vicinity of the edge
portions, by ion doping method.

D
wh

A first LDD region 835, a second LDD region 834, and a source or drain region 833
are formed outside a channel forming region 832 in the first n-channel TFT 851, and the first
LDD region 835 is formed so as to overlap the gate electrode 810. Further, an n-type
impurity element contained in the first LDD region 835 and the second LDD region 834 is
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10 overl apping the gate el ectrode, a second LDD region 842, and zﬂ%dﬁﬂ(&,eﬂ}%
drain region 841 are forned outside a channel form ng region 840. Further,
the storage capacitor 854 is fornmed froman island shape sem conduct or

| ayer 807, an insulating layer formed fromthe same |ayer as the gate
insulating film808, and a second el ectrode 815. A p-type inpurity is
added to the island shape sem conductor |ayer 807, and the voltage applied
to the second 15 electrode can be made | ower due to the low resistivity.
An interlayer insulating filmis forned of a first interlayer insulating
film816 having a thickness of 50 to 500 nm and nmade from an i norganic
material_such as silicon oxide, silicon nitride, or silicon oxynitride,
and a scU8R M HicserantDDrsgioaB3fgue tq the differpmesan threditm thickoegsariities upper

i nsul at i 18gerE@keld i Lo ryhi c i o de  am or .BCB 20
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mat er § al draianregion§dds Oophaothechands the pidhabhet TRT §500{2e 6 bingR driinlstctutd, ah8

t her ef or; r.ahl mthe second.interlayer jnsulating filmin
combi nat S Ees 2P e 7 el T AFa UL SOOI A8 o ACPRRIed
mask havionging ppeddd8; aicrfecmpdit tern is formed next, and contact holes for
reachi ng sour n regions_of the respective island shape

seni conduct orrfﬁ%{}’ggﬁpirfg‘["?%{ %.H'W@“Gbﬁfwgé@ thednize) partor Sréis doryediby a
et chi ng. mAltFpaedirgaarevittihe Gm anekddtingi the Hﬁe&r%t,aaﬂﬂgt%gi g@;ﬂ?A%&;&%%gi S

case, and the interlayer insul atl(;lq% fil'mmade fromt
or ganf ¢ FEERAPIREtRG gaif elestrade psecamdIdPD ragien B 3tandta soyrderos dirain regjod B i s

et ched nexfoMddodifie 23EHAn el rﬁfhgelte%ﬂjnn@’f(ﬂaﬁurt 41, addi & ggff‘@‘yc\}m%\{mﬁtsghl ng

the etching gas to CHF} in order to ~Increase the’select égpect
to the if8rasdirempriskhadisbeprsotiorndugivelayer 8078 aganslatingdayatfonged fromths

t ched. I f a5 A ti etal | i
Fiim s Thenyarei B¢ BEbitRe b, 3R h kit ciinarf 815 2 pid Giski
pat t er n ip gddegrtatlak; iskand sbaper eeieomiudioaiayen80,ngd tldage 83@iedao Phe@cond

el ectro 7, ate, wiring 826, and a connection el ectrode 825 are farned
by e?%h%ﬁ%&%ﬂﬁ cg@??\%adﬁﬁ‘?x?/?&guesﬁgg? Poé’i’ ESHWithg the pixel portion with the

pi xel struct weinaslayboinsulbtingfilh isfosaed (Bﬁ'ﬂﬁrsbiﬂterfa?ém%latﬁgﬁllﬁ% ®h&ing he
active mathrl X Ilqg.lgéi cgé{gtal dj spl a)é devi ce shown i n_Enbodi nent )
a thickness o to nm and made Trom an inorganic material such as silicon oxide,
silicon nitride, or silicon oxynitride, and a second interlayer insulating film 817 made from
an organic insulating material such as polyimide, acrylic, polyimide amide, or BCB

20 (benzocyclobutene); A well leveled surface can thus be obtained by forming the second

interlayer insulsting film with an organic insulating material. Further, organic resin
materials generally have low dielectric constants, and therefore parasitic capacitance can be
reduced. However, organic resin materials are hygroscopic and not suitable as protective
films. It is therefore preferable to form the second intertayer insulating film in combination
25 with the first interlayer insulating film 816.

A resist mask having a predetermined pattern is formed next, and contact holes for
reaching source regions or drain regions of the respective island shape semiconductor layers
are formed. The contact holes are formed by dry etching. A mixed gas of CF,, O., and He

is used as an etching gas in this case, and the interlayer insulating film made from the
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10 2 can be manufactured by using the active matrix substrate offEnhddi agiht
6. Moreover, although the exanple where the gate el ectrode and the source
wiring are sinultaneously formed is given in this enbodi nent, another mask
may be additionally forned and the gate el ectrode and the first el ectrode
may be separately formed in different manufacturing steps. Specifically, a
portion overl apping the sem conductor |ayer which is 15 to serve as a gate
el ectrode is first formed. After successively adding an n-type or a p-type
inmpurity element to the portion serving as gate el ectrode and activating
this portion, the first electrode is forned so as to overlap the gate

el ectrode At thi $ |ﬂé aBC(PﬁSt aQJ(L)l} bet ween the gate electrode and the
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sh|ft10re3§§t1 gﬁ‘CIr ?’ a.buffer .circuit, .and the TFT of the sarrpllng
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circult iy “?38 1SS HRAFHYF maifix Rbsireg of Embodimevid. mat r i x
substrate s hoMbredswEmm@ugE fe annﬁ;l@%@reﬁhé @ht@@?ectr%dé hfidthe Séu{cg WRHg O 2

substrate. 9q of .a_filmsuch as ilicon oxide filmor a silicon
OXyni tri Fenylfangously, formed 15 giken: P(Ihélslé “-‘é’ﬂb@gﬂtfﬁa thhﬁrmnaﬁls Irzgyobes héqheonally

seni cond@sinid dndyRé gat%@ectr@dggﬁd ﬁteefusf a&&ﬁ%eﬂﬁaéhf Q}a@e& 'if&%ﬁ 1!n d'?f?erent

sem conductor film manufactured by |aser cryst t| on” or
crystall magufasHnng sense Spesidically.mgodrtiparpeaipping he ﬁgdloondm(her Iaséramhich iuape
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and to t Qﬁec{r%@'ﬂ(}oﬁ'ﬁ'@cpgo &1 ovgrr}:(a\jplaJ ﬁ';[eograte é}g&rod% At thls pomt a contact between the

gate electrode and the first electrode is formed not by forming a contact hole but merely by
superposing the first electrode on the gate electrode. Moreover, the source wiring is formed
20 simultaneously with the first electrode. This allows the utilization of aluminum or copper

- having a low resistance as &¥isterial of the first electrode and the source wiring.

[Embodiment 7]
Another example in which a TFT structure of an active matrix substrate differs from
25 that of Embodiment 1 is explained in Embodiment 7 with reference to FIG. 12.
A driver circuit 957 having a logic circuit portion 955 comprising a first p-channel
TET 950 and a second n-channel TFT 951, and a sampling circuit portion 956 formed of a
second n-channel TFT 952; and a pixel portion 958 having a pixel TFT 953 and a storage

capacitor 954, are formed on the active matrix substrate shown in FIG. 12. The TFT of the
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forms a storage capacitor, at a concentration of ixIO6 to Ix10}9, nii5 7005
atons/cm . Gate el ectrodes 909 to 912, a second el ectrode (capa or

el ectrode) 915, and a source wring 913 are fornmed by a material having W
or TaN as a constituent. The gate electrode, 15 the second el ectrode, and
the source wiring may al so be separately fornmed by a material having a | ow
resistivity such as Al. An inpurity elenent which inparts n-type
conductivity, typically phosphorous (P) is then selectively added at a
concentration of 1xIO 9 to 1x10" atonms/cm to regions outside the island
shape sem conductor |ayers 903 to 907, outside the gate electrodes 909 to

912, antbgiutitie pbhRnsesDot el @aler edeu? B57 Ghanaed cfe'sm PRS0, 931
and 934, . LDD relgliifgns_QSS and 936 andusource or drrgiﬁspgg?%hggggﬁéﬁ% 935
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n- channelitditT 952, respectively. An LDD region 939 of the pixel TFT 953 is
formed in a gelf-aligning manner using the gate electrode 912, and is
formed out si Her thec¥atysanatrisr subsigate shpon 9 FFmbadismur Fea dasd finh rHOnegifas: 938
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resist pmask h@VItn 122 rpredetermne pattern is formed next, and contact
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in tie pReRBOIIUEP) BltAdscid pely%aawmgyi-‘sm{d slhtﬁ%(@&?nic@ﬂcﬁlc{ogg%?ns 90 and

conduct | metallic filmis thén formed by sputtering or v
Pﬁgn",‘fhmg

evapor a hera Burhaneli T Isgandhiodthel iskansl shiape sersiconducter 1993904, piniah
el ect r odgnfi%/stomgB@hFaciol, 09 cgg&ntraﬁﬂgof‘lﬁ nﬁ)cli%(fg“" %og]%}rcr gde 925 are

formed. An active matrix substrate having ep f1on with the
pi xel st ruct HrE chassindes HRPE12 . seeond dlersrasie (¢aprnieat.eldetiotibed 1,5, it patdeve

Erix Liaud ; . S Ve o et oo b
ranut act crge bt v onprebER nterRl il W T aXGR uTRe R AeHReeY 1 ¢ ot
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i oh ol SEpRE RO Eha Ry SR Ay S Lo R Br i g copcviv
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prevent g%ms?c% tger grri%gg (t)l!ltgl e?l];e itsg?xd-Isf;;)ecsaegﬁ?oendggt%\rl?a%%dQOBAI\g 98:7, outside the
gate electrodes 909 to 912, and outside the second electrode 915. Channel forming regions
20 93 17 and 934, LDD regions 933 and 936, and source or drain regions 932 and 935 are thus
foip’ged in the first n-channel TFT 951 ar“ in the second n-channel TFT 952, respectively.
An LDD region 939 of the pixel TFT 953 is formed in a self-aligning manner using the gate
electrode 912, and is formed outside a channel forming region 937. Asource or drain region
938 is formed similar to the first and the second n-channel TFTs.
25 An interlayer insulating film is formed, similar to Embodiment 3, of a first interlayer
insulating film 916 made from an inorganic material such as silicon oxide, silicon nitride,
or silicon oxynitride, and a second interlayer insulating film 917 made from an organic

insulating material such as polyimide, acrylic, polyimide amide, or BCB (benzocyclobutene).

A resist mask having a predetermined pattern is formed next, and contact holes for reaching
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channel TFT having this type of structure is suitable in buffergé%rCU|t

and shift register circuits. On the other hand, the second n-channel TFT
952 of the sanmpling circuit portion 956 has a structure in which a GOLD
region and an LDD region are fornmed on the source 15 side and on the drain
side, which prevents deterioration due to hot carriers in an analog swtch
that operates by polarity inversion. In addition, this structure ains to
reduce the off current. The pixel TFT 953 has an LDD structure, and is
formed by nultiple gates, and a structure thereof ainms to reduce the off
current. On the other hand, the p-channel TFT is forned with a single

drain, s fu n urlt 929 and 930, into which a p-type 20
i mpur i tyécre%e %?)nlsg g ed gloep'sﬁo %f@dﬁ%ﬁtsg?crﬁ’é’ edslanhsiingr s¢Bicandctpelgyeon 928.
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forned iWHeartYematix substat of Embodimsntshs . Specifically, a portion
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activati e first trode is forned so as to overlap
the oot S EHBRBRIRE i€ il ot SrmiceTparnedioventy oL weiamde
and t he lidtrestrieelgen¢ranioh is srebents® hnacdegPidation B fig: '?F"PQQB %@t {%:ln?ecpu}\n rﬁer ely
sup\?ﬁrh'ei (lan?g}he fir t el ec}rode on the gate electro reover

sour ce B YPHiif supeBEsispuitphlp in haffer cieuitd aut $luftereomers
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cr oss- sevfifchihatpsrptes tynppletiy Inveneloof I@c{dmormhly structure aims to reduce the off
current. The pixel TFT 953 has an LDD structure, and is formed by multiple gates, and a
structure thereof aims to reduce the off current. On the other hand, the p-channel TFT is
formed with a single drain structure, and impurity regions 929 and 930, into which a p-type

20  impurity element is added, are formed outside a channel forming region 928.

The TF s structuring each circuit are thus opsimized in response to the specification
required by the pixel portion and the driver circuit, and the active matrix substrate shown in
FIG. 12 has a structure which, in particular, is made in consideration of increasing the
operating characteristics and reliability of each circuit.

25 Moreover, although the example where the gate electrode and the source wiring are
simultaneously formed is given in this embodiment, another mask may be additionally
formed and the gate electrode and the first electrode may be separately formed in different
manufacturing steps. Specifically, a portion overlapping the semiconductor layer which is

to serve as a gate electrode is first formed. After successively adding an n-type or a p-type
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the structure of a storage capacitor is different fromthat of EALAYE et
1, and the structure of this enbodi nent other than the storage capacitor
is substantially identical with that of Enbodinent 1. 15 In this

enbodi ment, the storage capacitor is fornmed by a second sem conductor |ayer
1002 and a capacitor electrode 1005 using an insulating filmon the second
sem conductor |layer 1002 as a dielectric. A first sem conductor |ayer is
denoted by the reference nuneral 1001. The capacitor el ectrode 1005 is
connected to a storage wiling 1009. The capacitor electrode 1005 is forned
simul taneously with the first electrode 1004 and the source wiring 20 1006
on the sane |nsulat|n film Moreover, the capacitor wiring is fornmed

si mul t akBBRENElerpERtio %ﬁ@omwer‘éng@s gasdeletnade artdreticaimehisiponi@l, ectfiode

1010 ~T fil h
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enbodi %m %’]8t er {Ea %ﬁ ﬂdpl tionally formed and
el ect r(r)rg Bie Plagreds ¢ BaETang E}ﬁeflré'aﬁi%ﬁdéranﬁntm wf%‘ylfmg separ ately

formed in dlfferent manuf acturing steps. Specifically, a portion
over | apE%m]g ctih é 02 AUG sem conductor |ayer which is to serve as a gate
electro gdim Iformed. After successively adding an n-type or a p-type

‘i rmurl ty el eftefiiis éBbbditeRBR i sHBEN alf?e?gﬂ%%% 856\91231? gg‘}tlnac i vating
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super posin first electrode on g gl et
sour ce Werstiygtuanar 2 ﬁ@ragapamcntor Ismlilﬁfenagt faom tha Ibﬁﬁdatﬁ)ldiﬁdéﬁtanmb ym\mtgl&& t he

first el utilizatio um or copper having a
| ow resi gfﬁ é%ggl%m;mérﬁ %“"é?ﬁ% h(%fs“frﬁ%e ??Haﬂtore’lséBP?tBIEféaI&rfﬁe‘itﬁél wortbe ofi ri ng.
Fur t her Forbedirmentrl-t ype or p-type inpurity elenent is added to the portion

[ the to capacitor wiring to increase

B R e e N AT RER G
subst r al @0Zamd beapmeitof ele¢trddRdl 0% using an insulating film on the second semiconductor
layer 1002 as a dielectric. A first semiconductor layer is denoted by the reference numeral
1001. The capacitor electrode 1005 is connected to a storage wiring 1009. The capacitor
electrode 1005 is formed simultaneously with the first electrode 1004 and the source wiring
20 1006 on the same insulating film. Moreover, the capacitor wiring is formed simultaneously
with the pixel electrode 1011, the connection electrode 1010 2:cl the gate wiring 1007 on
the same insulating film.

In this embodiment, an impurity element for imparting an n-type conductivity is
added to impurity regions 1012 through 1014, as in the pixel TFT. This structure can be

25 applied even for a large size display panel such as 10 inches or more in dragonal.
Moreover, although the example where the gate electrode and the source wiring are
simultaneously formed is given in this embodiment, another mask may be additionally
formed and the gate electrode, the first electrode and the capacitor wiring may be separately

formed in different manufacturing steps. Specificaily, a portion overlapping the

37




altering the mask design of Enbodiment 1 without increasing tHe2nb¥betilbf
masks. This enbodi nent can be freely conbined with any one of Enbodi nents
to 5. 15 [Enbodi ment 9] Enbodi nent 9 represents anot her nethod of
fabricating the crystalline sem conductor |layer for formng the

sem conductor |ayer of the TFT of the active matrix substrate represented
by Enbodinment 1. In this enbodinent, the crystallization nmethod using a
catalytic elenment, that is. disclosed in Japanese Patent Lai d-OQpen No.

7- 130652, can be 20 applied. An exanple of this case will be expl ai ned
bel ow. Base fiInE and an anDrphous sem conductor |ayer are fornmed to a

thicknes% e . tto 80 E{‘% gl ass substrate in the sanme way as in
Enbodi nent” ? RRORRSFLY ‘%‘PISFE’GﬁSﬁEIa?ﬁefeQ’f@lde esdanspfemeil s Affer sedetsiv ey
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mentioned praeessling BythisUrbREmERE tHechﬁog ek g%%gt&n B %L%{xlifﬁfgé?e alitlyhe

crystal Iﬁhne sem conductor |ayers "manufactured as above
active MK hsuBsskrdesignciEpeodionpl bwédiousinaidasingyhe homBebefdhmkar 1.

However n r talytic nment for r_ormt'n
to t\rge cr;/stglhliéfetzng%(%déﬁé%t:‘&glb? fpé:eﬁ;?osm%léggwq&l aé’r’r’én:e Ozi%ﬂel?ﬁ&fnﬁﬂﬁ 01-x 1:)" gto

1 x 1019 atoms/cm) of the catalytic elenent remains within the island
sem gon %85"% . is, of course, possible to conplete the TFT in
such a state |s preferredto renove the remaining

Embodlment 9 represents another method of fabricating the crystalline semiconductor
layer for forming the semiconductor layer of the TFT of the active matrix substrate
represented by Embodiment 1. In this embodiment, the crystallization method using a
catalytic element, that is. disclosed in Japanese Patent Laid-Open No. 7-130652, can be

20 applied. An example of this case will be explained below.

Base films and an amorphous semiconductor layer are formed to a ti:ickness of 25 to
80 nm on a glass substrate in the same way as in Embodiment 1. An.amorphous silicon film,
for example, is formed to a thickness of 55 nm. An aqueous solution containing 10 ppm,
calculated by weight, of a catalytic element is applied by a spin coating method to form a

25 layer containing the catalytic element. Examples of the catalytic element include nickel (Ni),
germanium (Ge), iron (Fe), paltadium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt),
copper (Cu) and gold {(Au). Besides spin coating, the laye'r 170 containing the catalytic

element may be formed by sputtering or vacuum deposition so that the thickness of the layer
of the catalytic element is 1 to 5 nm.
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catalytic elenent fromat |east the channel form ng region. Bid VG RB05
means of renoving this catalytic elenment is a nmeans using gettering effect
of phosphorous (P). 15 A gettering treatnment with phosphorus (P) for this
pur pose can be conducted sinultaneously with the activation step expl ai ned
in FIG 3C. The concentration of phosphorus (P) necessary for gettering
may be approximate to the inpurity concentration of the high concentration
n-inmpurity region. Thermal annealing of the activation step can allow the
catalytic elenent to segregate fromthe channel formation region of the
n-channel 20 TFT and the p-channel TFT to the inpurity region containing
phosphorus (P) in that concentration. As a result, the catalytic el enent
segregat es i i the E0BRRERaEAR 5i6p, ekt weatment is condurted Hi618 4800mS0ESA for abdite

i mpurit i T r | ed F _current val ue
and hasyﬁ?gxﬁdr@? h?syatfrlogé;l} %%/Iné@ﬁié?%fa :5#6 Z{)l?ogxsﬁﬁg:ﬁﬁff }I%ﬁ%fo&e{g&o "r‘?g%ﬁeﬁfef 4%an be
obt ai ned 2tamit. dieséknesalingha theotcendstiéd m aaitrogen aroesphbicshedo t@BOTHT for

enbodi -freely. conbi ned with one the structure of Enmbodi ments
roCs "E oS e R MGt el Thi ErELEF Rerirrdurtos 18yt em
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cross-s%%thg&ac{ rst rslécture thereof is shown in FIG 16, illustrating a
cross section tHRER Al ong the line of A-A° and a cross-section taken al ong

the |ine of Blyfddmingthesslenthetiiomithc®h DYBrsTdreHRTP)stalRhe Rhidfidu¥®: L X
l'iquid crés{aa{il d%sgl a(%/1 device 5 of an IPS (In-Pl'ane Sw tching) syStem
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crystal i tiglly parallel to
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1106, athgatatalytic ielegndmy isld Biéansoasinmgetiviing rEBchof phbeBharads (M09, a
15 A gettering treatment with phosphorus (P) for this purpose can be conducted ~
simultaneously with the activation step explained in FIG. 3C. The concentration of
phosphorus (P) necessary for gettering may be approximate to the impurity concentfation
of the high concentration n-impurity region. Thermal annealing of the activation step can
allow the catalytic element to segregate from the channel formation region of the n-channel
20 TFT and the p-channel TFT to the impurity region containing phosphorus (P) in that
concentration. As a result, the catalytic element segregates in a concentration of 1 x 10'7to
1 x 10" atoms/cm’ in the impurity region. The TFT thus fabricated has a lowered OFF
current value and has high crystallinity. Therefore, a high field effect mobility can be
obtained, and excellent characteristics can be accomplished.

25 This embodiment can be freely combined with one of the structure of Embodiments
1to &.

[Embodiment 10]

In this embodiment, a pixel structure (IPS system) different from that of Embodiment
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connection el ectrode by 1110, and a pixel electrode by 1111. Th@ piM&l 2005
el ectrode 1111 and 15 the common wirings 1108 and 1109 are placed so that
an electric field parallel to the surface of the substrate is generated.
The conmmon wirings 1108 and 1109 are placed so as to overlap the source
wWiring 1106, resulting in inprovenent of the aperture ratio of the pixel
portion. As shown in FIG 16, the first electrode 1104, the second

el ectrode 1105 and the 20 source wiring 1106 are sinultaneously formed on
the insulating filmcovering the first sem conductor |ayer 1101 and the
second sem conductor |ayer 1102. The pixel electrode 1111, the connection
el ectrode 1110 ate wiring 1107 and the comon wiring 1109 are

si mul t anddsish %WFF @rﬂ&gi 18n 4 tress- sﬁtcellohaimuctunstﬂea&afngsﬁddﬂnncmm%rhﬁlu&thﬁm%OUY ce
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furt her ofmf%a(ile-l’daanclﬁbwdhglgmgit@m égih'@gﬁgédli%%zs%@a{aﬁgbﬂhgrs ed cg?lé ﬁéﬁ%g?t%)t he

second s 9 duct or, 4
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1105. Théorsrdaidosd 6k hHan Wi i ng
of the aai acent ;E)I xel p%?éﬁégérdtisnﬁ?ﬁpﬂﬁ ?ﬁ?}iéc récfrfe}gﬂel?taﬁghéﬁom ﬁlzoé] -type

conduct i $iTESH9Ns Asyersitithe tmnyémh@m@ﬁmmwdrmmwes drt&ﬁntrBlIéﬂ'lte tm xel
‘struct ur griefted RuBst SR t he me uf ac
process ag tﬁat oft Emgﬁ%ﬁ'qﬁ%ﬁﬂﬁﬁ gﬁgéelsmﬁetﬁg g%nt {e{f’ﬁ I%%
Enbodi®meftstem aﬂw’@équmggngkdf)@homeasmdFl GS. 15 and 16 are obt ai ned by
usi ng Enbodi t di spl ice is obtained by the
net hod descr r@n%]qlnlsgﬁb%g%egmg S%ds C%Helaﬁee{ds %%%Mgﬁ the &iprenre n%‘P?F@?{déQLf rom
light bysesondgemicootiurtor laydrdry 110Qya fieg el@:ﬂtrbdi\ebﬁpm Qe IITld@oBe b1Q 1045 @

, since the IPS systemis

el oyect? SO PPl e pipt T L7 omecars Pinaitre ORean | .15 ke,
[ Enbodi meertnetfign tioctbdesbyeThog b fpixeBelpétidle B 114Gt YHE pfel ERELOES SMSEEM
diff s en%h fc%glrpn(;nh\g}nngfs 1108 and 1109 are placed so that an electric field parallel to the surface ~
of the substrate is generated. The common wirings 1108 and 1109 are placed so as to
overlap the source wiring 1106, resuiting in improvement of the aperture ratio of the pixel
portion.
As shown in FIG. 16, the first electrode 1104, the second electrode 1105 and the
20 source wiring 1106 are simultaneously formed on the insulating film covering the first
semiconductor layer 1101 and the second semiconductor layer 1102. The pixel electrode
1111, the connection electrode 1110, the gate wiring 1107 and the common wiring 1109 are
simultaneously formed on the interlayer insulating film covering the source wiring 1106.

The first electrode 1104 is electrically connected to the gate wiring 1107. The first

(1]
Lo

electrode 1104 overlapping the first semiconductor layer 1101 functions as a gate
electrode.

Although the oblong-shaped pixel electrode is shown in this embodiment, the pixel
electrode and a common electrode may have a V-shaped electrode structure to further

Increase a viewing angle. The storage capacitor is formed by the second semiconductor
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15 Enbodi ment 10 is shown in FIG 17. A cross-sectional struguhsbt Kéfeof
is shown in FIG 18, illustrating a cross section taken along the |ine
J-J'" and a cross-section taken along the line K-K. Only the structure of
a pixel electrode of this enbodinent is different fromthat of Enbodi nent
10, and the structure other than the pixel electrode is substantially
identical wth that of Enbodinent 10. 20 In FIG 17, a first sem conductor
| ayer is denoted by the reference nunmeral 1201, second sem conductor | ayer
by 1202, a first electrode by 1204, a second el ectrode by 1205, a source
wiring by 1206, a gate wiring by 1207, common w rings by 1208 and 1209, a

first qepneanRohee :gﬁtahﬁgefuﬁyc&\?e?f &e%‘eé_ﬁld ?én%f)fi&f{g%rf%%z}ﬁgﬂ ang 3¢ gcond
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el ect rodog&%zécq&eggﬁ%ﬁ%g%ﬁegg%}e?ﬁ ggﬁ%tgte?e\%e"% gcfrrhm(pﬁﬁmlg‘la@A?merﬁOBﬁ“‘Etﬁ’étyl 1§ ke)
havi ng aidﬁfﬁ@mthetsﬁmmem:amﬁmctcs laweed102n additional nask is prOV| ded for
~ pattefning o onductjve .fil m.ha alig

tr ans%n’ tt ancfarhgg) Xx hgﬁ&é{aec(gtl t(lilys eélﬁc% Gdﬂegkcaéll cothHBH‘éa/é\’/a'iﬂl S3pe m%‘H’éa%PB%'ég
el ect r ogeotess a$ thanoEatodimalt Iconhees dange Anthelngak Hagah! of EABSMETLVE il m
having a 41 0 mjitance is used as the pixel
el ectrode t o%‘fE‘FﬁA%J?/ét ﬁenq’é)b” Hh{’-@é gtnﬁsﬁld ig?’@d%}%‘?me‘i R¥ usignFmhodicrhgsa 1208
and 120%iqaidcrpbtaldishiapd@sicd B oBEHdER th@%e%ﬁﬁ%&rmcﬁ'iﬁlgmjoggﬁﬂénq? 'rHP@Q e an
aperturg)‘sratlo of t he pi xel portion.” As shown iIn

‘eliect r oPEMSEHPIXGIRES s rip Sehrbydis inzromlornfiisr pravided orghetountey Sﬂ;@ﬂﬁttar e
si mud angq f Lkat i
Wihi¥arfREARE 20 1h ERSoliseH: 3t H}%xrécx)el' rﬂrﬁggﬁé Pysfstaé?%r {%%ycdwgrl% over

sem conductor |ayer 1201 and the seco semni con or

the firdEcessyniettpon elientationweamest andwbedkee wiring 1207 t he common
wiring 1209, and the second connection el ectrodes 1213 and 1212 are
simul taneously formed on the interlayer insulating filmcovering the
source \&ﬁtﬂh@glnlﬂﬂalllo The first electrode 1204 is electrically connected

; 0 de 1204
over | apping IhaPis gl on fnel Skord Pt ihofey shdbrondond Hogabar of

over | appi ng
el ecty ocFenbddimhnumlstslhewmhhcmG-. shapedogi-setio®l] eGhE@dethi & 08 ROMWIWNTNHIGS

\e/?gﬁg'pg‘é%t Fglé{]f?tgg%é glqua g%%ggrtgggq %]f%%gl] g%qgneaJ-Jq %%”cr&!s‘?s%f:{igf %krerﬁ‘%mﬁ?(ﬁe 2
line K-K’. VOnly the structure of a pixel electrode of this embodiment is different from that
of Embodiment 10, and the structure other than the pixel electrode is substantially identical
with that of Embodiment 10.

20, In FIG. 17, a first semiconductor layer is denoted by the reference numeral 1201,
second semiconductor layer by 1202, a first electrode by 1204, a second electrode by 1205,
a source wiring by 1206, a gate wiring by 1207, common wirings by 1208 and 1209, a first
connection electrode by 1210, a pixel electrode by 1211, and second connection electrodes
by 1212 and 1213. The pixel electrode 1211 and the common wirings 1208 and 1209 are
25 placed so that an electric field parallel to the surface of the substrate is generated. As the
pixel electrode 1211, an electrically conductive film (an ITO film or the like) having a light
transmittance is used. An additional mask is provided for patterning of the electrically
conductive film having a light transmittance, so that second connection electrode overlaps

the pixel electrode to allow electrical connection. An electrically conductive film having a

41




15 increase a view ng angle. The storage capacitor is forned by fHe &Wéond
~sem conductor |ayer 1202, the insulating filmcovering the second

sem conductor |ayer 1202 and the second el ectrode 1205. The second

el ectrode 1205 is electrically connected to the gate wiring of an adjacent
pi xel . Moreover, an inpurity elenent for inparting a p-type conductivity is
added to the 20 second sem conductor |ayer 1202. The pixel structure of

t hi s enbodi mrent can be obtained in the sane manufacturing process as that
of Enbodinment 1 if the mask pattern of Enbodinent 1 is.changed. After the
state shown in FIGS. 15 and 16 is obtained by using Enbodinment 1, a liquid
crystal display device is obtained by the nmethod described in Enbodi nent 2.
The gap !t UBBimEACIsuetbas the pklllebdetomproghtn Byertist PEoaMEbSFerf thkt er
provi de r r in Enmbodi ment 2. However, since the IPS
Cyat em | o iy SRS 1208 B84 388 7% phte T8 S al Seli & Jourer ives 126 1o

ori ent at imioYs emaprehure anob dfitke pidebpodtionbodi ment 12] 42 02 Abu 205 In this

enbodi nment , -.S i tructur a storage capacitor, different

from that o?h %{rﬁg’g‘ﬁ} lﬁ}gﬁ{:’ ?Qﬁée ﬁf%ﬁﬁcﬁrﬂgq:fig‘*’ thy seegpiideleqieodetl2081 the sowke a

st or age wapgCiloo6 ok tinidtanestyddi foBALd | 6n q-héfi‘ﬁglﬂﬂltin% g tc%@%.gﬁ’% DRl ment
S

1, and t%e.st#cipgrle ot %ﬁ*ﬁ) than the storage capacitor 1s su ant i afslty
i dent i cal” WrTUEI 2T 1ERD 38 thshsecend seraicondwiorciayer 88 gateedes thxy fitse

component s of - Enbon o EHE liing 1205 B Bruho A RERAOP b e Bepag e
i nsul at | Y FFIGRClepradss 1o 3and 1242 etstsanniseheohsly Fomiatipritheimeiuyt pipkulaiing
process fJn &fﬂ%ﬁﬁgqﬁé‘ﬁo& ?%ﬂéépnal mask is provided for selective

etching so as to partia ve the interlayer insulating film157. As a
resull® of to1delIfést Fleetrede h20vyjs elactrichky caymictddneuihatdahgwirihg 2890 qpge of

ot CNAFiOEst BB heifiont TP B Rpuiad Bist Shpudicioniasen ihponstionnt 1,
a storage acaipacliettmdd.s formed by the sem conductor film including the
AR T RE R i R A A
st or age ebepp@de 1211 &Sd a common electrode may have a V-shaped electrode structure to further
15 Increase a viewing angle. )
The storage capacitor is formed by the second semiconductor layer 1202, the
insulating film covering the second semiconductor layer 1202 and the second electrode
1205. The second electrode 1205 is electrically connected to the gate wiring of an édj acent
pixel. Moreover, an impurity element for imparting a p-type conductivity is added to the
20 second semiconductor layer 1202.
The pixel structure of this embodiment can be obtained in the same manufacturing
process as that of Embodiment 1 if the mask pattern of Embodiment 1 is changed.
After the state shown in FIGS. 15 and 16 is obtained by using Embodiment 1, a liquid
crystal display device is obtained by the method described in Embodiment 2. The gap
25 between pixels is shielded from light by using a color filter provided on a counter substrate
as in Embodiment 2. However, since the IPS system is employed in this embodiment, it is

necessary to alter an orientation treatment and the like.

[Embodiment 12]
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formed by the capacitor electrode 1301 and the pixel electrode qpqghqugmg
the interlayer insulating film157 as a dielectric. An |npur|ty el ement

for inmparting an n-type or a p-type conductivity is added to the inpurity
regions 154 to 156, as in the pixel TFT. Wth such a structure, the anount
of the storage capacitor can be further increased. 20 This enbodi nent can
be freely conbined with any one of Enbodinents 1 to 9. [Enbodi nent 13] The
CMOS circuit and the pixel portion in accordance with the present invention
can 25 be used for various electro-optical devices (the active matrix type
liquid crystal display device and the active matrix type EC di spl ay
device). Therefore the present invention can be applied to all those

el ec':1 ronic ?@pthlambsdlmnMIféﬁs%cﬁbrﬁil @frﬁdftgre(mTals@&h @@éﬁa@iﬁ&r i@lrff’eredt@l:an'r'ded

in the n e fo n be given as such electronic

appl i ang(l%% Of%n%dé@ glaﬁégﬁwné“ h%ﬂ f92| Rl tpoRIRSPOED! @ sifsree capagitasjob dhinr

(rear t)qmﬁ)cmﬁméﬁtdﬂﬂlﬂeYMYronﬂthﬁﬁWElﬁﬁéﬂlhﬁﬂtg'a%@'tﬁé’stf&tﬂ@@ﬂlle?th gl?edstérﬁ | ay).,
a

a car navi %atl on ystten]s)ua car stereo, a personal conputer, abI e
il

i nf or matGBAC & FHOHAR drntical withghatiof Esehasiment 1. aTmthmlnenmdbsgmm@ or
an el ectyyaRk SarhORKIrenEAMRUER as Host B?Eﬁlb@ﬁﬁ?eﬁ@?%rﬂe d?%th(? Qtmedide 22 S

FIG 20A’is a personal conputer, and it udes a fenéﬁ’fl mage
i nput rﬁiﬂ‘?‘i’@iﬁ’eﬂbl}z a display portion 2003, and a keyboard 2004 etc. The

present i nve'ﬁu’sf)%ﬂggﬂle D%e AR G §ferkd] ayer msu@gmg Eﬁ @0 %mﬁ‘imer a,

di splay portion 20 or other driver I'rcui
and it ifrlbwingstha mralfecboihg #20dss of Editaydiayntiionh IacbdinnaﬁﬂZnasle ml@dmhoe

1 nput L SW tche 0 te 2105, and an i mage

Focer vi g io68ll Etfing ATt EH YRS K F AR, PR Bl B2 el Mo i ot Of e

di sphay splectivoertckif}? anointaldyer itbulatiel Bini Q800 Snadel 65 ar Yrgdriic FediPRhbliGhe
i.nclu body a canera ion an

conmput e nd i.t 1, 2202,
Cmge.  dRsPO s TS 283 B Ar Ve b e Natics Prsbslecinde A3 Splosged
portion tg&@bn. 15 The present invention can be applied to t he di spl ay

portion 2205 or o% % signal controlling circuits.
As in Embodiment 1, a storage capacitor is formed by the semiconductor film

including the impurity regions 154 to 156 and a capacitor electrode 1301, using the first
15 insulating film as a dielectric in this example. Additionally, another storage capacitor is
formed by the capacitor electrode 1301 and the pixel electrode 1302, using the interlayer
insulating film 157 as a dielectric. An impurity element for imparting an n-type or a p-type
conductivity is added to the impurity regions 154 to 156, as in the pixel TFT.
With such a structure, the amount of the storage capacitor can be further increased.

20

This embodiment can be freely combined with any one of Embodiments 1 to 9.

[Embodiment 13]
The CMOS circuit and the pixel portion in accordance with the present invention can
25 be used for various electro-optical devices (the active matrix type liquid crystal display
device and the active matrix type EC display de\?ice). Therefore the present invention can

be applied to all those electronic appliances in which such electro-optical devices are
mcluded in the display portion. |

The following can be given as such electronic appliances : a video camera, a digital
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FIG 20D is part of a head nounted type display (right-handed)] ?ahdGi 25
includes a main body 2301, a signal cable 2302, a head fixation band 2303,
a display portion 2304, an optical system 2305 and the display device
2306, etc. The present invention can be applied 20 to the display device
2306." FIG 20E is a player that uses a recording nediumon which a program
is recorded (hereafter referred to as a recording nmedium, and the player
i ncludes a nmai n body 2401, a display portion 2402, a speaker portion 2403,
a recordi ng nedi um 2404, and operation sw tches 2405, etc. Note that this
pl ayer uses a recording nmedium such as a DVD (digital 25 versatile disk) or
a CD, and the a greciation of nusic, the appreciation of film gane playing
and the ?"’rii'ﬁ‘-"erff‘nae,\ffr AT HEADYPE BF Ireet tyfRea lmadaﬁdiktntédl&i@ﬁ]ﬁi%rgpg%% @,Ee aggﬂa',fd to
the di sphayr nPEEAdANS 9%395%5; river gircuits. F 's a |§’tal
canera, and. it rncludes a marn body “F50L 34 CHRERIcay bt tPogaAbleaBiRmaginn
eyepi ec e;;i‘t?ﬂ“tai‘ @H‘?l?sfiﬁ’:mobéec@mpmmr,s\nomhlﬁSel];a@rQﬂm oimﬁl cRBirbARIBk PERL KLY
portion h shown the figure), etc. e presen

e P El O 20 e i P

i nvention can_be applied y portion 2502 or other driver

circurts. Fl &IG22PAIs apefsonal conymeerpam] R hdaahi Lhses: .a display
devi ce ﬁﬁg{ibn%?iz%d-ggreen 26&'% The present %v%%?%%éwggﬁﬁbaél lggl}gFi‘ tto
the Iigq tle‘ﬁe C}nri ystal Gy BOHgBv0RE. argmekeyBowrd 29041 dtagThe prenarttiinamtioh chke
di spl ay Rfeeppled2@0theoimapeh@put hbMBn SOGCYid Si; 1B i rear type
proj ect q% gﬂgch conpri ses: gurrgi n bodydzg%%?hsgll:ﬁgg%ll%%’? é%%é’%dﬁ?"ﬁé
mrror 2 6;; ‘and a screen 2704. The present invention can be applied to a

‘li;quid cryst #IGIREPRIsawide) &fnet : b Si.Ng..one i on.of the display
devi e 2702 cﬁg ot her driver c??gﬁ??émﬁq%awgﬂgﬁ@’égﬁﬁp rPé?ﬁﬁl‘Wrﬁ »shows
an exanpl’e? ' *HBU PRI ut ¥)3p foperasion sitchys Q40iCeDart2B0210810ara7 91 iRfagEl Cs.
21A and r2ddvinEashidH 2 fdacedi vi,.ce. 2601. and 2702 = conprises: an
optical | g}\%&nggou} ce lgé?‘g'nﬁgéég¥%eqﬁ1%kg’%§°%ﬁ§e PRiieskip she dispigopertian d1@Ar oi ¢
mrror 28 ,erélfﬁﬁfélle@O?; a liquid crystal display device 2808; a phase

differentiati : .and a proj.ection optical system 2810. The
proj ection opl):?ig bg(?@g%e/as éﬁqﬁggﬁlﬁpﬁtgﬁﬁsfié aclydesa mayy bad 32035 a opneralorienses

havi ng 28R djnénagereckivies pation 03, Beeraiies &hicrRabogi el an gxanpl e

of 3;l qt%gtré/s%ﬁtinkhits | oot Lo Iimﬁt to thi s,exarrp’lqg gﬁggg‘a\y}?ﬁ%ﬁ%‘ ate

type mayhb cntion can be applied to the display portion 2205 or other signal controlling
circuits.

FIG. 20D is part of a head mounted type display (right-handed), and it includes a
main body 2301, a signal cable 2302, a head fixation band 2303, a display portion 2304, an
optical system 2305 and the display device 2306, etc. The present invention can be applied

20  to the display device 2306.

FIG. 20E is a player that uses a recording medium on which a program is recorded
(hereafter referred to as a recording medium), and the player includes a main body 2401, a
display portion 2402, a speake; portion 2403, a recording medium 2404, and operation

switches 24035, etc. Note that this player uses a recording medium such as a DVD (digital

25 versatile disk) ora CD, and the appreciation of music, the appreciation of film, game playing
and the Internet can be performed. The present invention can be applied to the display
portion 2402 or other driver circuits.

FIG. 20F is a digital camera, and it includes a main body 2501, a display portion
2502, an eyepiece portion 2503, operation switches 2504, and an image receiving portion
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used for instance. Further, an operator may appropriately di spoge? ahiC 2005
optical lens, a film which has a function to polarize light, a filmwhich
adj usts a phase difference and an IR film etc in the optical path shown
by an arrowin FIG 21C. 20 FIG 21D is a diagram showi ng an exanple of a
structure of the optical |ight source system2801 of: iG 21 C In the
present enbodi nent the optical |ight source system 2801 conprises. a
reflector 2811; a light source 2812; |lens arrays 2813 and 2814; a polarizer
conversion el enent 2815; and a condenser |ens 2816. Note that the optical
i ght source systemshown in FIG 21D is nerely an exanple and the
structuyre, i,S not igjtg{ﬁ to this 25 exanple. For instance, an operator may
appr opri'at %109”%“3%5 U Ipt iTEaPrasepisinyention| qanieiaphliehastha disphet pation o
pol ar i Zs2ighitherariviet Brhlisch adj usts a phase difference and an IR film
etc. The prqjector shown in FIG 21 uses a transm ssion type
el ect ro- opt ifdSt 248vis @dTamdype Bejenipn Wbichi compeisaspl display alethRE |01 &l Lype
el ect r gepRhizedb. ' ' ol ed. 45 0 2, Alu FIG  22A |s
portabl e t,el,ephoﬁ‘gé(\l?\grlcﬁ§ %ﬂﬁq%%%%ro ?Is(:!élgﬁé gﬁgnl%ael%ﬁo @?&W”ﬁ@ﬁ@’?t{ﬂlsﬁﬁ‘dﬂ@“%t:?rg%t
por t ? orFCRSIENNE gre Reidios af ipuidisplay deviae 260B or athdt SpvatiRarti on 2904,
operation sSwgC .29 d ntenna 2906, etc. The present invention
can be appl :Fé '?gﬁtlﬁé ‘%{2’ Q%Eipégj%ﬁ Oh e 8?@?8*52969?‘“6{?9&@7%;ian@}ﬁmlaborti on
2903, dleics 2902ph myrrpo2 10FHn@ AG4rean 200NeThe piasest inPerftionCd b%-%}g)g@d 1$4B is a
. T .

int
por t abl . rQni c K) whi.ch conprises: a main body di spl ay
portio Ag@%géstéﬁ%géébg?xcgzgﬁ TRYNEHRRES Ritffiapelithe displandeyicesiiORonethe8005,

-and andraver emadts3006, etc. The present invention can be applied to the
di spl ay portd 002, .and 3003 or other driver circuits. 10 FIG 22Cis a
di s%# ay whi ﬁggﬁéﬁa&é@ra@ WHFRshasdanexemplenf thaspocture phthd dBplay, desivds  a

i <pl 2y, portron 3103 e Al ot 2080 L 6E Tht M 0BT P GRS 92 2 geous
for a |BFPESEt: 28 opbraldight pourpasysieouPaP]; nainmrs 280chnai 18090 BR0604 dichebiis pl ay
iches) i Che et A7 Bl AR 0lcs bu S hihont Sl Rl Pt on
i s t hug8ERtandreprpiasiide optied syttein 28100Fhé piogedtionappicyl syBe Pz &FRdmritkgnt i on
to & el ABBliLANGRES f'na@ix%,l A pr]:)je%ltigg leng.ufﬁguegrh’thé Qref:sent embodiment shows -
an example of 3-plate type, this is not to limit to this example and a single plate type may be
used for instance. Further, an operator may appropriately dispose an optical lens, a film
which has a function to polarize light, a film which adjusts a phase difference and an IR
film, etc in the optical path shown by an arrow in FIG. 21C.
| 20 FIG. 21D is a diagram showing an example of a structure of the optical light source
| system 2801 of E“{G_. 21C. In the present embodiment the optical light source system 2801
comprises: a reflector 2811; a light source 2812; lens arrays 2813 and 2814; a polarizer
| conversion element 2815; and a condenser lens 2816. Note that the optical light source

system shown in FIG. 21D is merely an example and the structure is not limited to this

2]
L

example. For instance, an operator may appropriately dispose an optical lens, a film which

has a function to polarize light, a film which adjusts a phase difference and an IR film,
etc.

The projector shown in FIG. 21 uses a transmission type electro-optical device and

the application example to a reflection type electro-optical device is not illustrated.
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el ectronic appliances of this enbodinent can be realized by usif§ a&tv .z
constitution of any conbination of enbodinents 1 to 12. 20 [ Enbodi nent 14]
Al t hough the first e, ,ping treatnment for formng the electrically
conductive layer of the first shape is conduced under the condition where
the etching is perfornmed once in Enbodinment 1, the etching treatnment may
be perfornmed for a plurality of tines so as to prevent the thickness of
the insulating filmfrom being reduced as well as to inprove the 25
uniformty of the shape. In this enbodi nent, an exanple where the first
etching treatnent is conducted twice to formthe electrically conductive

| ayer of theHGr sbasRapseit i . Al't hough tapered shapes are forned
on either side of the gggt)e%e1 Z@gé%(%gqg?ll&ﬁlfﬁﬁprrgﬁ?'d‘n agy BogdYo £ Wl asrausiie her

si de of I ERHHIEIYRormadiomprigirdon 2903, h'eispra@a@gtsoﬂ :gzgﬁp{,%@%% dNSies

enbodi i1 A hbe th reference to )
i |l ust pg’?ibrsl)g,ggnlgnalngl‘r?1 é%gﬁ?gbg’ ESC\KUE DIEtSt v eRenemheanalied fodhs amtudin bytpane

si de of POHeO/ 2RO a1y audiotinpugpdition| WOBI @k ai distihe u i process.
For sj mlirjcﬁft%y’ a base filmand a substrate arﬁe ‘ngfﬂg%o%\g&% 8 el dEL L o
24D. First, Tollow ng the manufacturing process of Enbodi nent 1, the state

shown in Fl GFIG52ZR\is spofitaé Besk o h G . the. thi s of
the firgt ?4 ectr.i cag'la l:’co g ti v(eelléfCitli(ﬁr#('tSt%)H(_)fkgth%ht %(E)ﬁa%%g'nw&%bq(ﬁgb%ﬁ’

t hi ckness POt 9801 %a‘é‘ip @‘f—’hiadéﬁwﬂlgdﬁ@mam 3094 bpenation beitdBR 3005484 nm

| n this asrbrdhaBO06, ctd)e[Hel Ical! pducti ve {11 m made TaN
havi ng tjbﬁ t hi ckne_ses g}fé_ 6%%%%‘5‘%%&?8%8%1‘%%8&%?i%é%‘PWOE@Haé@;% W film
-made of %Qﬁpﬂ'ﬁrfjﬁge“ﬁlfﬁ%ﬁness of 370 nmare laninated. TaN is preferable

as ajgrat eri akFy@f fd: tricall 10 conductive filmfor_ its
ext rlerrel y _hi gh hzejadt]%raedsﬁ%%)éﬁégﬁ Cf{g*i’?\ . e%ar%érkg‘i%]aplﬁ supparysiandshideanthde of

a resi st 4isplappagten IHBn eteet The pigsés inmﬂtfbﬁl’dﬁfﬁ(bebafyr)pﬁ@d k& BENAd phidPr m a
second gh@g_tfhggllig #8??%2“ ve tf.i | m 140_4a%é)f the first shape. Ag a result
of using a m xe QE% 0 ST 15,30vaRtageens fR) ¢adargh svdensrreerhimgh
sel ect i yerticatarcand is hdvespgstus tor Aaibblay REuALSLE gAML F incéﬁeg s%é:céx‘a 1P

e
obt ai ne le 1.15 shoys.the rel ati.on between various etchin ondit i ons
and theg%]fagﬁ‘?%gcgﬂeéﬂ&n ﬁ@cggﬁ%&we dpgamaki cal |y conductive layer (W, the

etchisng rat eThé applcdbil¢ $4nge! SCHel SRLdnY iSONGT i\ T%}? 95 ;Fbe-

tapered angle of the second el ec.t@?cal Iy conduct ﬁ%%@¥§§%?19( e, and it ¥
possole to apply the present invention to electronic appliances in ali fields. Further, the
electronic appliances of this embodiment can be realized by using a constitution of any

combination of embodiments 1 to 12,

20 [Embodiment 14)

Although the firsi eiching treatment for forming the electrically conductive layer of
the first shape is conduced under the condition where the etching is performed once in
Embodiment 1, the etching treatment may be performed for a plurality of timeé SO as to
prevent the thickness of the insulating film from being reduced as well as to improve the
uniformity of the shape. In this embodiment, an example where the first etching treatment
is conducted twice to form the electrically conductive layer of the first shape is described.

Although tapered shapes are formed on either side of the gate electrode and LDD
regions are formed on either side of the channel formation region in the present invention,

this embodiment will be described with reference to FIGS. 24A to 24D ilustrating enlarged
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. ching f wee 255WIEN
1: Etching rates (E.R of Wand N and tapered angle of

J\?‘?’l’iﬁl W JCPBI asI%r essureg:F, CL +3,ER OlE R "2_selection ratio taper angle
I'Z No. Pa] [ SCCM [ nmI mi n] [ nm mi n] [ deg]
1500201.[ \(;%E)\?{%é% 9766. 430. 88980 2500601. 03830233;%1}3. 460. 75025 3
5001001. 030300111. 66168. 030. 66718 47 0 2 AUu
4500201. 0252510124. 6220. 676. 04970 5500601. 0252510161. 7235. 814. 5233?26
65001001. 0252510176. 9056. 323. 00832 75001501. 0252510200. 3980. 322. 19528
85002001. 0252510218. 20102. 872. 12422 95002501. 0252510232. 12124. 971.
10500201. 020202014. 83-- 11500601. 0202020193. 0214. 2313. 69537 28 617, 21996
125001001. 0202020235. 2721. 8110. 85629 135001501. 0202020276. 74

14500200fr@ﬁzeszo@@mo»ri&®45of366Ly4812e41d1e559QR§Q4c19§$2&29{%0%6%45&3&% éﬁz (*)

cates .that the neasurenent 0SSl
The mark marfu@act[ur?ng process' r}‘dOT Simp 3C1t}’, a base film and a substrate are not shown in FIGS.

to
24Ato 24D.

First, following the manufacturing process of Embodiment 1, the state shown in FIG.
2A is obtained. It is sufficient to set the thickness of the first electrically conductive film to

L

be 20 to 100 nm and the thickness of the second electrically conductxve film to be 100 to 400
nm. In this embodiment, the first electrically conductive film made of TaN having the
thickness of 30 nm and the second electrically conductive film made of W having the
thickness of 370 nm are laminated. TaN is preferable as a material of the first electrically
10 conductive film for its extremely high heat resistance.

Next, a mask 1405a of a first shape made of a resist is formed. Then, etching is
performed by an ICP method to form a second electrically conductive film 1404a of the first
shape. As a result of using a mixed gas of CF,, Cl, and O, as an etching gas having a high
selective ratio with respect to TaN, the state shown in FIG. 24A can be obtained. Table 1

15 shows the relation between various etching conditions and the etching rate of the second -
electrically conductive layer (W), the etching rate of the first electrically conductive layer

(TaN), or the tapered angle of the second electrically conductive layer (W),

Table 1: Etching rates (E.R) of W and N and tapered angle of W

20
ICP | Bias | Pressure | CF, CL-{O, |W . TaN W/TaN W
ER.O ER. 2 selection ratio taper angle
€7D
No. | [W] ] [W] [Pa) [SCCM] | [nm/min] | [nm/min] [deg]

1 500 20 1.0 30 (301 0 58.97 66.43 0.889 80

2 500 60 1.0 30 |30 0 88.71 | 11846 0.750 25
25 3 500 | 100 1.0 30130 0 111.66 168.03 0.667 18
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change in quality of the surface of Wduring etching.
in the specification indicates an angle forned between t
pl ane and the side face of the nmateri al
FIG 24A. The angle (tapered angle al) forned between
20 of the second electrically
(W.can be freely set between 19 and 70 degrees
for exanpl e,
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(*) The mark — in the cells indicates that the measurement was 1mpossible due to

change in quality of the surface of W during etching.

The term “tapered angle” in the specification indicates an angle formed between the

horizontal plane and the side face of the material layer as shown in the upper right part of
FIG. 24A.

The angle (tapered angle «1) formed between the horizontal plane and the side face

20 of the second electrically conductive layer (W} can be freely set between 19 and 70 degrees

by setting the first etching condition to, for example, one of the conditions 4 through 15 in
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Next, a second etching is conducted with the mask 1405a bei ng}?ejtm a@ﬁ$ is
t

to obtaln the state shown in FIG 24C. |In this enbodi nent, after e

. is conducted as a second etching treatnent under the first et chi ng

- condition where a m xed gas of CF4 and O, is used 25 as an etching gas,

- etching is conducted under the second etching condition where a m xed gas
t of CF4, C2 and Oz is used as an etching gas. As these etching conditions,

- any. one of the <conditions in Table 1 may be used and the etching tinme nmay
. be appropriately set. Awdth of each of the electrically conductive

- layers in the longitudinal direction of the channel can be freely set by
sel ecting the etching condition. The second etching treatnent allows the 49
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semmijcondy
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conductlve layer 1404a of the first shape as masks (FIG. 24B). Although the second
electrically conductive layer 1404a of the first shape is also etched to certain degree during
the etching under the second etching condition in FIG. 24B, the second electrically

1 20 conductive layer 1404a is shown as having the same shape as that shown in FIG. 24A
because the amount of etching is small. :

Next, a second etching is conducted with the mask 1405a being left as it is to obtain
the state shown in FIG. 24C. In this embodiment, after etching is conducted as a second
etching tre_atment under the first etching condition where a mixed gas of CF, and Cl. is used

25 asan etching gas, etching is conducted under the second etching cdndition where a mixed
gas of CF,, Cl, and O, is used as an etching gas. As these etching conditions, any one of the
condmons in Table 1 may be used and the etching time may be appropriately set. A width
of each of the electrically conductive layers in the longitudinal direction of the channel can

be freely set by selecting the etching condition. The second etching treatment allows the
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filmtherebetween, that is, the third inpurity region (GOLD r%ggoEgﬁ'%ﬁ
affected by the tapered portion having the side face of the taper % %Ie
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m xed g&s of §§6 and 9 is.ugdfaﬁg c?nstead or%lbt'hé g%!ghi ngdlgéfslggigﬁ'?%lmswgo

enbodi neRGixReFHGRST Bie semicondncter layergvedappingtie seeondflesmically comhttioe i s

used1s ndagadandWiching the kel GRSHIR andthd ; i LESRbedbhe

b Ckhpo TR eandH fu?t e p?eveﬁt_ gy fid £if e1c82afPcorddiCiil EAYS QLA L]
serves as a channel formation region. Although not shown, the impurity regions 1401a

through 1401c are formed on both sides of the channel formation region in a symmetrical
manner.

In the doping, the thicker the thickness of the material layer positioned on the

20 semiconductor layer becomes, the shallower ions are implanted. Accordingly, the impurity

region 1401c overlapping the first eivctrically conduc.tive layer sandwiching the insulating

film therebetween, that is, the third impurity region (GOLD region), is affected by the

tapered portion having the side face of the tapered angle {3, resulting in change in the

concentration of the impurity element to be added to the semiconductor layer. The

3]
wn

concentration of the impurity decreases as the thickness of the material layer increases, and
the concentration of the impurity increases as the thickness of the material layer decreases.

Similarly, the impurity region 1401b, that is, the second impurity region (LDD
region), is affected by the thickness of the insulating film 1402b of the second shape,

tesulting in change in the concentration of the impurity element to be added to the




because a selective ratio of these gases with respect to the idQulbati ags
film1402 is extrenely high. According to the present invention, a liquid
crystal display device having a pixel 25 structure having a hlgh aperture
ratio realized by the present invention can be acconplished w thout

i ncreasi ng the nunber of nmasks and the nunber of manufacturing steps. 51 0
2 AU G 2005 WHAT | S CLAIMED I'S: 1. A sem conductor device conprising: a
sem conductor |ayer fornmed on an insulating surface, and having at |east a
source 5 region, a drain region, and a channel formation region interposed
t herebetween; a first insulating filmfornmed on said sem conductor |ayer;

at |l east one electrode forned on said first insulating film and

over | apgdm a j QN .CeccWM [ d on said
first ins ufﬂgl??!ndsor Iafé} @%%lgcglgycon QHIRLS r% ir?é‘a]fﬁi%)lq 1%%@%?‘?‘?1595116 ﬁhgz‘é’FS Ssai d
el ect r o8bthghepesed porsionheeingithé sige fanof ahegapaeWahgllag( cﬁxo:nhadapa‘re@ pbldloﬁecond

i nsul at i | nRec o.said condycto
devi ce gég’gg{ | {r?gc?{h%cl l(a?.ll %%1&%% étr%t fo gg\l (BHP‘é“W ?lleﬁ’&“b\yérqe ﬁ‘iﬂedaop i on
of sai ds&eispeditierdayer. [Thy empodntragidnngoab tHaeasés siodeARAMRS rsf QéTBELIRN

re n. onduct qr. .device according to claim.1, wherein said
el gi:'% r od (gndcdg\tr%ggm sgeé: "Hiag gf‘%heé?/@%?‘ﬁﬁaémn {‘Z’Gnﬂhahogéiﬁ’ dBwyTSt (5"1"8'1@!%\/]14l@éc

accor di Mpreaver) EhenWilclth\dﬁ&hellmpﬁﬁtydre%hfﬁ?qﬂ@ﬂﬁ iRk R ﬂudﬁlﬁpﬂﬁ@ctmnr bf‘ﬂje
conprise_a s A seni conduct or devi ceaccor d g to claim i,
t

wherel nCupE(Ers [ieqs 1 pitisdmaannse amnig 1 o onmarses 9ae et oEthpbmpANT y of
el enent gegé@l e401Rd from the group consisting of poly- Si, W Ws ., A, Cu,

), O and I\[E 6. A sem conductor device according to claim 1, wherei n sai d
Irst insula h%@“ﬂfll%re@@ﬁpﬁoéésthat Bathe first ihpeiitygregionngontains an impurity

10 element added by the second doping treatment in addition to the impurity element added by

the first doping treatment. As a result, the impurity region 140la becomes a high-

concentration impurity region to function as a source region or a drain region.
As the successive steps, the manufacturing process of Embodiment 1 shown in FIG.
3B and from there on may be conducted to manufacture the active matrix substrate.
15 By the above method, TFTs of the pixel portion and TFTs of the driver circuit are
formed.
This. embodiment can be freely combined with any one of Embodiments 1 through
4 and Embodiments 7.through 13.
In the case where a mixed gas of SF, and Cl, is used instead of the etching gas of this
. 20 embodiment (mixed gas of CF, and CL)) or a mixed gas of SF,, Cl, and O, is used instead
of the mixed gas of SF,, Cl, and O,, the reductioi in the thickness can be further prevented
because a selective ratio of these gases with respect to the insulating film 1402 is extremely
high. '
According to the present invention, a liquid crystal display device having a pixel
25 structure having a high aperture ratio realized by the present invention can be accomplished

without increasing the number of masks and the number of manufacturing steps.
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52 0 2 AUG 2005 7. A seniconductor device according to claim@? wier &l
said second insulating film further conprises a first insulating |ayer
containing silicon as a main conponent and a second insulating |ayer
containing an organic resin material. 5 8. A sem conductor device according
to claim1, wherein said sem conductor device is one selected fromthe
group consisting of a personal conputer, a video canera, a portable
information termnal, a digital canera, a digital video disk player, and an
el ectric game appliance. 10 9. A seni conduct.or device conprising: a

sem conductor |ayer fornmed on an insulating surface, and having at |east a
source region, a drain region, and a channel formation region interposed
therebepﬁgﬁgiégéééigggbggglating filmformed on said sem conductor |ayer

at | east med on said first insulating film and

overl apping said 15 channel formation region; a source wiring formed on
said first insulating film a second insulating filmcovering at |east said
el ectrode and-<$afdusBRAUtonderigsgomprighige wiring formed on said second

i nsul ating fij ; R ' ctrode: 20 .a connection

el ectrode _forarré\exaélrl fgdr}ms?gﬁgl eggﬁ ?r@u ng{; f’lﬁét 1§ ’f’ur{?aCSh@chﬁYH@c?tzﬁasf B Seuice

sour c& iegionga drain segidn.sadi acdndud tformdtayergioandteaped elerebe@wtspde formed on
said second i i i and, connected to said sem conductor |ayer. 25
10. A seni con urgt g’%"@%& Iéﬂérmafg%?dd?r@m&aer&lcgpﬁ‘l‘@?r @er ein said pixel

el ectrode owtid¢apsnsziattedefoenad on REid fickt ixﬁuﬁa@iﬁgcﬁlﬂﬂ%ﬁ%vﬁﬁaﬁﬁ% said
accor di wherein said gate wiring overlaps a portionin of said

2% to lctj ai m 9 s _
i condtéPBy Pg?%?m{:‘@ﬁf%’ni ng at | east said channel formation region. 53 0

AUG 2005 12 sobrceniri@fdust®bn dAMIfES iAGAMY Gt 0 claim 9, wherein said
el ectl(r) ode conpri seg insala%at e_.el ectrode. ’ '
U

-a secon ing film covening at least said electrode and said source wiring;
and
a gate wiring formed on said second insulating film, and connected to said
electrode.
15 2. A semiconductor device according to claim 1, wherein said gate wiring overlaps -

a portion of said semiconductor layer containing at least said channel formation region.

3. A semiconductor device according to claim 1, wherein said electrode comprises
a gate electrode. '

.20

4. A semiconductor device according to claim 1, wherein said electrode and said

source wiring comprise a same material.

5. A semiconductor device according to claim 1, wherein a material of said gate

25 wiring comprises one or a plurality of elements selected from the group consisting of poly-
Si, W, WSy, Al, Cu, Ta, Cr and Mo.

6. A semiconductor device according to claim 1, wherein said first insulating film

comprises a gate insulating film.
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13. A sem conductor device according to claim9, wherein said(kﬂeéggoagsand
said 5 source wiring conprise a sane material. 14. A sem conductor device
according to claim9, wherein said pixel electrode, said connection
el ectrode and said gate wiring conprise a sanme material. 10 15. A
sem conductor device according to claim9, wherein a material of said gate
W ring conprises one or a plurality of elenents selected fromthe group
consisting of poly- Si, W Wsi,, A, Cu, Ta, C and Md. 16. A sem conductor
device according to claim9, wherein said first insulating film 15
conprises a gate insulating film 17. A sem conductor device according to
claim9, wherein said second insulating film further conprises a first
containing,silicon as a main conponent and a second

i nsul ating | ang 3 )

i nsul ating | ayer SEBHPA N eicesicqanting toskiim Iymtherdinbaid 2€oh8 inshlating film

sem condiatiosr cderkes aTe9r Hshdiihe | i ‘o rein one pixel including said
pi xel el ect rgdeﬂ}ﬁorrrs a storsage1 %a?ggic%t%l%}é\?\%ggﬁnsaﬁi%"@M%HW&Pdlaayer

connect ed®PF94Biudatng laysr contining de cagahic adsth mbrecial. ode connected to a gate
wiring of an adjacent pixel, using said first insulating filmas a
dielectric. 25 19. A sem conductor device according to claim9, wherein an

i npurity el en®nd s¢micondugserddvigg acpedingie camiy otheydis Yail SeARERGL 4G o‘%@i\
I r* 20

sem cond leol I d to.said.pi xel _electrode. 54 ;
sem cond t_%(ci{ﬁgrselg g%la ére()%gg{c%%?%'?pn%mﬁ?%&‘g of grP@',SO%"éFBmPg@ﬁﬁi coeRA LM, dgoireblel s

one sel edtfeungtioomermémagr odizinboshsta) Bdisfal idey e vj,deo
caner a, %%gbl e information ter n‘% nalé,1 a dcinzgi (fﬁgl?%(h:agﬁfé?%?% é’%?tgﬁééﬁ‘%vi deo
~disk pl aw, and an electric gane appliance. 5 21. A sem conductor device
conprising a pair of substrates and a |liquid crystal interposed
there@etween,gg%?e of sgi d pair of substrates having at |east a pixel
portion and a drPYBICORPYRRN gevicsqmprisied: portion conpri sing:

a semiconductor layer formed on an insulating surface, and having at least a source
region, a drain region, and a channel formation region interposed therebetween:

a first insulating film formed on said semiconductor layer;

at least one electrode formed on said first insulating film, and overlapping said
15 channel formation region; |

a source wiring formed on said first insulating film;
a second insulating film covering at least said electrode and said source wiring;

a gate wiring formed on said second insulating film, and connected to said
electrode;

20 a connection electrode formed on said second insulating film, and connected to said
source wiring and said semiconductor layer; and

a pixel electrode formed on said second insulating film, and connected to said
semiconductor layer.

10. A semiconductor device according to claim 9, wherein said pixel electrode
overlaps said source wiring.

11. A semiconductor device according to claim 9, wherein said gate wiring overlaps

a portion of said semiconductor layer containing at least said channel formation region.
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a sem conductor |ayer fornmed on an insulating surface, and havpn?g AaHG i

| east a source region, a drain region and a channel formation region

i nt erposed therebetween; a first insulating filmfornmed on said

sem conductor | ayer; at |east one electrode fornmed on said first insulating

film and overlapping at |east said channel formation region; 15 a source

wiring formed on said first insulating film a second insulating film

covering at |east said electrode and said source wring; a gate wiring

fornmed on said second insulating film and connected to said el ectrode; 20

a connection el ectrode fornmed on said second insulating film and

connected to said source wiring and said sem conductor |ayer; and a pi xel

el ectrode forge on.said second insulating film and connected to said

sem conduct ort Ig}f@@,‘c%ﬁi&c%ﬁé?‘épﬁa@ﬁf@ngﬁ%ehim Gbehemiresadodmprirs@scAnprises

| i ght - shi @héleleeirddd. min which a 25 red color filter and a blue color

filter are lamnated so as to overlap said first sem conductor |ayer. 22.

A sem conduct or device according to claim21, further conprising a common

Wi ring on sai ' | ating fil wherein sajd 30 pixel electrode and

sai d conmon vlvlgr ?‘ﬁ%ﬂg?%ddgr%%é%g gsaSC(frmﬁg thFl@P’e%t‘?’“?feﬁf@F‘HﬂeﬁEB‘éﬁ at saad | y

par al 1 elsourge avispgfcaomrisé asaind nsditxsdlr ate i s generated. 55 23. A

sem conduct or device according to claim?2l, said sem conductor device is a

reflection-type liquid crystal display device in which said pixel

el ectrode conprAsemicntubior doft@idtioRdin ' ; L naf il m.

t her eof . o:“;’ e%4“' Alsen‘idconguc_t or device %\g%g'?‘é@g’g‘g{’%‘@%: A&l@‘%%%élgéa}f@e’ sHid

‘seni condOetEHOB&HEQIF ang s gatew yingornrepiiss d Samei wateright al  di spl ay devi ce

in which said pixel electrode conprises a transparent electrically

condyocti ve s , _ _
- A semiconductor device according to claim 9, wherein a material of said gate

wiring comprises one or a plurality of elements selected from the group consisting of poly-
Si, W, WSi,, Al, Cu, Ta, Cr and Mo.

16. A semiconductor device according to claim 9, wherein said first insulating film
15 comprises a gate insulating film.

17. A semiconductor device according to claim 9, wherein said second insulating film

further comprises a first insulating layer containing silicon as a main component and a

second insulating layer containing an organic resin material.

20
18. A semiconductor device according to claim 9, wherein one pixel including said
pixel electrode forms a storage capacitor between said semiconductor fayer connected to said
pixel electrode and said electrode connected to a gate wiring of an adjacent pixel, using said .
first insulating film as a dielectric.
25

19. A semiconductor device according to claim 9, wherein an impurity element for

imparting a p-type conductivity is added to said semiconductor layer connected to said pixel
electrode.




film 10 25. A seniconductor device according to claim?21, said 02 AUG 2005
sem conduct or device is one selected fromthe group consisting of a
personal conputer, a video canera, a portable information termnal, a
digital canera, a digital video disk player, and an electric gane
appliance. 15 26. A sem conductor device conprising a pair of substrates
and a |iquid éPystal isANEqRYFetrrt hdedbet weesardinge tof shaim p&ir seid

substrate erﬂﬁ\é'nﬁgct%; dejvf‘c% ts o%ep§e)f&!t cfP { Faapcgupfa Oéjl{ﬁ:as\c/ile“%gf rﬁ%%ﬁsof}ﬁgt : ﬁg

pi xel por sem con

sur f ace, amdphaaw ﬁlg’lc&to cﬁ@erbﬁaqﬁ)riab‘ﬁs)wf@ﬂnditﬁg‘l fomigaldb i gitdla@hra,and a
channel f i on r&gfﬁ i nterposed therebetween; a first insulating film
f or med on @éﬂ“}f"&raf}da%ﬁlecﬁic gane apRk@ncst ect rode formed on said
first ;nsul at| ng film and overlapping at |east said channel fornmation
region; 25 a source wiring fornmed on said first insulating film a second

i nsul ating fil &lcovér semgicandhetastdevadad cempeisingde pand of aublstsatds aad avi ring; a

gate wiri rmed.on saldscodinsulatl fllm connected to said
el ectrodepgﬁﬁgcré’étaél feRaIsedtaEEPseeRoP RB &1 pdspaTh oL s tenaaMiag fhg film

and el ecléa'sf:@bk%l%?t”&?ﬁﬁﬁjatd?lv%@'cﬂ'cﬁﬁnkﬁﬁriﬁlk’&tiﬂrtll)ﬁ%g rafhd 2 AU G 2005
27. A sem conductor device according to claim 26, furth(g conprising a

common Wi ring ersesdrehdstanttyendotnagd ng 4n insulathey sirfacaiadd lpivied aél ect r ode
ed _so that.an

o8 53, SO 515, PR 5o8 o ST SFSL FehiBhl se » 25. 4
sem condugitefpodey tiegcmaseedi ng to claim 26, said
a first insulating film formed on said semiconductor layer;
at least one electrode formed on said first insulating film, and overlapping
at least said channel formation region;
15 a source wiring formed on said first insulating film;
a second insulating film covering at lcast said electrode and said source
wiring;
a gate wiring formed on said second insulating film, and connected to
said electrode;
20 a connection electrode formed on said second insulating film, and |
connected to said source wiring and said semiconductor layer; and
a pixell electrode formed on said second insulating film, and connected
to said semiconductor layer, and
wherein said other substrate comprises a light-shielding film in which a
25 red color filter and a blue color filter are laminated so as to overlap said first

semiconductor layer,

22. A semiconductor device according to claim 21, further
comprising a common wiring on said second insulating film, wherein said
30 pixel electrode and said common wiring are arranged so that an electric field

substantially parallel to a surface of said substrate is generated.
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seni conductor device is a reflection-type liquid crystal displ@y? devé 2805 n
whi ch said pixel electrode conprises a filmcontaining Al or Ag or a

| am nation filmthereof. 10 29. A sem conductor device according to claim
26, said semconductor device is a transm ssion-type liquid crystal

di splay device_in which said pixel electrode conprises a transparent

el ectrically céAducty vaemiGanguctos 3devige sawpesimiictor davi c&lacowidi ng to

claim 26, i I.C t:or i i . fi (o]
consi sti nsgg%&gdggﬁoﬁgﬁ%égﬁﬂ?g??ﬁ%ﬁ M?@?@?g,ﬁﬁa d%%?%%b g&lrenrlgr mat i on
term nal , which giaidl piceheiestrale adbgipraks va diglm déakaipiey ekl candganreiectric
gane appl i ance,. Zq_ 31t A nf”et hod of manufacturing a sem conductor device
conpri si naam]tnﬁgogt UBLtSFeo% o  ving a first semconductor |ayer and a second
sem copductor layer on an insulating surface, each conprising a
crystalline sem conductor film 25 formng a first insulating filmon said
first and secoRd. sefi cepaimnduciorayéedee f aicndmigng fto r stlaigh e &1y, odwmid

over | appi id first sem conductar .|l ayer, .a .second el ectrode overl appi ng
aaid sbconsriButebidhite BRI H dptiinRshs sBuid PRl GPEk] e

i nsul at i ng/Hi¢H rgaidB Qikelr Bledgode SREAEdsNS WM dphgent | 18EIRUBY | Shdaktibeast said
first and said second el ectrodes and said source wiring; and 57 0 2 AUG
2005 forr’riﬁrlr’&a gate wiring connected to said first electrode and

overl gpping said first sem conductor |ayer, a connection electrode for
connecting said first sem conductor |layer to said source wiring, and a

pi xel el ectrod@Sover appini@ndsaiod Sice Wctorddag to claim 21, said

semiconductor device is one selected from the group consisting of a personal
computer, a video camera, a portable information terminal, a digital camera, a
digital video disk player, and an electric game appliance.
15
26. A semiconductor device comprising a pair of substrates and a
liquid crystal interposed therebetween, one of said pair of substrates having at
least a pixel portion and a driver circuit, said pixel portion comprising:
a semiconductor layer formed on an insulating surface, and having at
20 least a source region, a drain region and a channel formation .region
interposed thercbetween;
a first insulating film formed on said semiconductor layer;
at least one electrode formed on said first insulating film, and overlapping
at least said channel formation region;
25 a source wiring formed on said first insulating film;
a second insulating film covering at least said electrode and said source
wiring;
a gate wiring formed on said second insulating film, and connected to said
electrode; and
30 a pixel electrode formed on said second insulating film, and

electrically connected to said semiconductor layer.
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5 wherein said gate wiring, said connection el ectrode, and sai dﬁo?x@% 2005
el ectrode are forned on said second insulating film 32. A nethod of

manuf acturi ng a sem conduct or device of claim31, wherein said second
sem conductor |ayer connected to said pixel electrode 10 overlaps said
second el ectrode connected to a gate wiring of an adjacent pixel

el ectrode. 33.2A nethotPmicondumitactavicag ascewime ottuctadn dui dertber cl ai m

31, wheregj j e j lating fi,l mfurt.her, co i ses,a |l.am nation
Fimor acyBefitid 8GRI bRDsdit el SRR BRERNR T Giif SBRE | 01 e
or sili copixebxyauitiodiecdagid oFREGH GvitiAg Hratarnfe gbd@ %6 ithamge eRictio Feldn de,
acrylic, polyam de, polyimde am de, ~or benzocycl obutene. 34. A nethod of
manuf act uFHEPARdlnparalel ot osurdias dlesaid sehsifate Hlgenepteder ei n sai d

sem cofiductor device is one selected fromthe group consisting of a
personal conputer, a video canera, a portable information termnal, a

di gital camera28a dAgi sahiooindectodi sdevitay accordivt amo el dgiim | Q6ganmid

appl i ance. 58 EM DUCTOR DEV].CE, AND METHOD OF MANUFACTURI NG THE SAVE
ABSTRACT E¥MHFQRAVHIGH CRURE 1T He rﬁﬁ@%téqﬂ-fm?vwgﬁtﬁmw 0Ly KEViSe it ur e

ratio of ghpxehidipiRel fefddiRfdel 2mbYiREs Sfﬁ’lln{"ycd?ﬁéflhﬁ‘% A rrg%l getion type
di spl ay device without increasing the nunber of masks and w thout using a
bl ackmasklantingtige|filmethgrtofode (167) is arranged so as to partially overlap
a sourge wiring (137) for shielding the gap between pixels fromlight, and
athinfilmtransistor is arranged so as to partially overlap a gate

wiring (166) fos shirel defgondab@pnedevié®diaefo@ing heo t NIfinf i 129, t ransi st or
fromlight, thereby realizing a high pixel aperture ratio. (Fig. 5)
semiconductor device is a transmission-type liquid crystal display device in

which said pixel electrode comprises a transparent electrically conductive
film.
15
30. A semiconductor device according to claim 26, said
semiconductor device is one selected from the group consisting of a personal
. computer, a video camera, a portable information terminal, a digital camera, a
digital video disk player, and an electric game appliance.
20
31. A method of manufacturing a semiconductor device comprising
the steps of:
forming a first semiconductor layer and a second semiconductor layer
on an insulating surface, each comprising a crystalline semiconductor film;
25 forming a first insulating film on said first and second semiconductor
layers;
forming a first electrode overlapping said first semiconductor layer, a
second electrode overlapping said second semiconductor layer, and a source
wiring on said first insulating film,;
30 forming a second insulating film covering at least said first and said

second electrodes and said source wiring; and
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forming a gate wiring connected to said first electrode and overlapping
said first semiconductor layer, a connection electrode for connecting said first
semiconductor layer to said source wiring, and a pixel electrode overlapping
said source wiring,

wherein said gate wiring, said connection electrode, and said pixel

electrode are formed on said second insulating film.

32. A method of manufacturing a semiconductor device of claim 31,
wherein said second semiconductor layer connected to said pixel electrode
overlaps said second electrode connected to a gate wiring of an adjacent pixel

electrode.

33. A method of manufacturing a semiconductor device of claim 31,
wherein satd second insulating film further comprises a lamination film of a
first insulating layer made of silicon oxide, silicon nitride or silicon
oxynitride and a second insulating layer made of polyimide, acrylic,

polyamide, polyimide amide, or benzocyclobutene.

34. A method of manufacturing a semiconductor device of claim 31,
wherein said semiconductor device is one selected from the group consisting
of a personal computer, a video camera, a portable information terminal, a

digital camera, a digital video disk player, and an electric game appliance.
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