SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME 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 film
transi stors (hereinafter, abbreviated as TFTs) and a net 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
sem conductor device. 15 2. Description of the Related Art A technique for
constituting a TFT by using a sem conductor thin film (having a thickness
of about several nmt§Ea\t§b(gOI‘§éU€r'E(DRHDJEUII€ESAND RIATHORYr On _a substrate
having an insulating surfac cted attention. The TFT is
wi dely used for electronic 2%‘@39“1"’3‘?@?@?&# SAMEC and an
el ectro-optical device. Particularly, there is an urgent need to devel op
the TFT as a switching el e & |iquid crystal display device. Anrong
liquid crystal display devPéesiatab V8 TEINYANTHIGN crystal display
devi ce5 inkFehi chthpiimedntiehect rodes are arranged in a matrix and TFTs are
used as sw tchigﬁg el ements | reslpecti vely connected to pixel electrodes for
obt ai ni ng a hi ght GraFTeYYankegasiatado a senizandiaal davige idivavina ard8NEdrRN e
active maby thin Ifil@Ur£hs&E NS i Vi.ce | inly classified into two
known ty jlFes; a transm ss:{gér{???gg]l’g%b glarteeafeefsemﬁpfjfd@‘?ﬁpgpfiﬂtﬁlﬂluéaclﬂy,mgas
conpar ed Wt Mehel oF axamplesibonpresge ihvamion elysat @ arﬂb&@lr@%g@i@(ﬂ §&icd F?e is

u

reflecti oaptesPieliHIUW Ty, i spl ay _device i s advantageous In snma
power consanpt i SE Ui’tlﬂ ﬂqﬁld &&&51 9:splay p%ng and an electric appliance including such an

10 electro-optical device as a component,

Inthe specification, the term “semiconductor device” generically indicates the devices
capable of functioning by taking advantage of semiconductor properties; an electro-optical

devi . L . .
evices, a semiconductor circuit and an electric appliance are all included in the
semiconductor device,

13
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 advantage, the
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

el ectrode in the reflection- type liquid crystal display device is nade of
a netal material having a high light reflectance 10 such as al um num and

i s el ectriteahlsy abaoiigg: ethd: Qs sk chi, ng,. el ement such as a TFT. A pi xel
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source wiring 14 and the gate wiring 11, an interlayer insulating film is provided 1o insulate
these wirings from each other. The source wiring 14 and the gate wiring 11 partially cross
each other. This conventional structure is characteristic in that a TFT including a

semiconductor layer 10 as an active layer is disposed in the vicinity of the intersection of
20 these wirings,

Conventionally, it is known that a pixel electrode 15 is forme between the source

wirings 14, simultaneous]y with the formation of the source wiring 14. In the case 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-



2 shielding film13, it is necessary to insulate the light-shielding film
13 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

i ncreases, the nunber of manufacturing steps correspondingly increases,
resulting in 5 arise in mnufacturing cost. Furthernore, this increase in
t he nunber of layers of the interlayer insulating filmis disadvantageous
in preservation of the interlayer insulation property. As another
conventional structure, a structure, in which an interlayer insulating film
is provided so as to cover the source wiring 11 and the pixel electrode is
provi ded thereon, to is known. In the case where such a structure is used,
however, thieekiurngéimofs | ayensceckNCrea o.increase the number of steps,
resulting in %H%hse in nanufaé?%?’ﬁgqégg?& ?ﬁr?%ﬁ?ﬁﬁ?@?gﬂﬁ"iéﬁn@“bﬁmdpgwﬂay
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one pi xelipterlheerehyuadugrsgl ¥ desaasi o] erture ratjo. Thus, in
order to cfnl?{naérgy a high aperture rati olgg%sglgc%r)ég%rvx%%nwoﬁpetWéerlj"éﬂ g asionel
size, 205 tPYY"indi spensable to effectively layout circuit conmponents that

are necessary fAwarolterebh et re.of a pixel. . As describe above,
in order to r e%igze a reflect P%lﬁ%‘{“%’téy’ﬁSé’d“.cﬁ”%r‘&}&%é?h 4 Sprhyeastledng dilma
t ransni ssi"HAARE 0iagup B0 aryke sdurch winiray! dend e phbae\xlemrad@isgﬁopiidéglt ereon

apertuie [akheww t h nunber of masks, a conpletely novel piXel
structure._that doetsh H%)et &géﬁg@egggﬁaﬁ azgmtcﬁ”ﬁri? Userh it aV6hathe Stumberr urfelaiyers

desired. TH&EIsERHRINCIdany Bretiumber of bpsathfiyg ﬁygh_sémﬁ%fasﬁqrigg%o propose
el S

of providing a -HH-'Q crystal dis Lﬁ;y devi ce having a pix ructure of a
hi gh pi xel apeIr:!t“llEre o6 Bu phdisp RER©TmaRess hr pixal isrtesoed v hivauh large

i ncr easi ngmphet ofunbengeotagmaksaang) hdenpurBesy R FRNYERGH é’;geirpuge ratio of each
pixel improves a light utilization efficiency to reduce the power consumption and the size
15 of adisplay device.

Recently, the pixel size becomes smaller to obtain animage 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 pixelsize,

1t1s indispensable to effectively layout circuit components that are necessary for the circuit
structure of a pixel.

20

- 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 10 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

presentinvention without increasing the number of masks and the nu mber of manufacturing
steps.



steps. 3 SUMVARY OF THE I NVENTION In order to solve the above-descri bed
probl ens of the conventional technique, the follow ng neasures are

devi sed. The present invention is characteristic of a pixel structure for
shielding TFTs and a 5 region between pixels fromlight w thout using a
bl ack 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 |arge part of a
sem conductor |ayer serving as an active layer is covered with a gate
wiring formed on a second insulating filmthat is different fromthe first
insulating film The present invention to is characterized in that, as one
of the means of shielding the region between pixels from |ight, a pixel

el ectrode is arranged so as $ONPMEIR ARE RE SN ES WK Ng. Furthernore, the

present invent %{gn(js al so characterized » e of the means for

shi el di ng the TEPTI ORIV gt abayeedsisombdd pobientsaotr e co0l @ftichil k@ﬁnigﬁe Qhe

| am nat i Oﬂ’blfdd/img%ea%ufﬁ%&%\%edfi lter and a blue filter) is disposed as a

| 'i ght -shi el di nghfi | mon a countér substrate so as to overlap the TFTs 15
5]

on an el enent prasantgnvahmnsit chahoe 8stef oft 8ixpr 8SRNIre IV 1@159% fipeloped
at e to,a sem conductor devic corrprri sf ng:

in thespresent ,fi.cation re . ]
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regi on, achain@énzadeigitba, annk 6 GHARARS of QFiOBEION. oY andw ched, bet ween

t he sour c%dv ggi.on_and the 20 drain reai oﬁ o%ﬂ%ﬂei nsuﬁ?g?}ist}gg"q’s%gaft%@?”%de

first insulating fiI"H'8d ¥hdoursd esnudtsiomsiiagieg f{ltthend ithst aSardecpndugt or

| ayer 17@pmicanheh@chiQdentas hi bs e 134,ineluding a gafe

el ectrode OVfrI agﬁg}j nfé, t he %gnneﬁcﬁ%% El?gé:r?%grgai“é’ B&hyiE ymed on a

i nsul at i ng“P7Y IS 250g TdeUhetds diffarag foom tinefifst instlating 6lal T phéseRl indemREENd

i nsul at i ng chhidoteeR¥an}; Agy t he, el rode tge first .electrode 134 including

the gate, elect rode} "and z’t_ eorgeo%?tégq%apér? ;Shlﬁ%ng the region between pixels from
light, a pixel electrode is arranged so as to overlap the source wiring. Furthermore, the

present invention is also characterized in that, as one of the means for shielding the TFT
from light, a color filter (a red color filter or a lamination film of a red color filter and a blue
filter) is disposed as a light-shielding film on a counter substrate o as to overlap the TFTs

13 on an element substrate.

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
drainregion, and a channe] formation region sandwiched between the source region and the

20 drain region on an insulating surface;

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

an electrode (afirst electrode 134 including a gate electrode) overlapping the channel
formation region on the first insulating film;
25 a source wiring on the first msulating 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 msulating film.



a gate wiring 166 connected to the electrode (the first electrode 134
including the gate electrode) on the second insulating film 4 Further,
the structure of the present invention disclosed in the present
specification relates to a sem conductor device conprising: a

sem conductor |ayer (a first sem conductor |ayer 172) having a source
region, a drain region, and a channel fornmation 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 |ayer
172); an electrode (a first electrode including a gate el ectrode 134)
over |l apping the channel formation region on the first insulating film 10
a source wiring on the first insulating film a second insulating film
covering the e%eq%roﬁg ind the.source wiring; .a gate wiring connected to
the el ectrode oi PHe TSSUBARYTT REMEAFITG! MVEREOmdisRptalini b PES et Ped&icalEs)
connect edrdl@ef hiea SOBICO8dW6! O i@ ehrhfigsisem conductor | ayer (specifically,
a source region or a drain region) on the second insulating film and 15 a

pi xel el ect r odd SABIEOBBRHATIET {olliheemisenderidulyer L Tyherinespeairte cadiby, a t he
source rggk i I q i Lating film Fuyrther,-
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in the above-nentioned structure, 't ctrode is arra to
over| ap t @ik MG @LONR ity latitlg Juefasgndwi chi ng the second insulating film

t her ebet ween, . Lher el ight. (or to redu light |eakin bet ween
the pixel el ec% ?lésc{elhg%%@s{%af?{:neegé%e g\%rﬁcﬁac@% [aﬁgrr &EF rﬁ’gth%er%ll?%‘é‘i%np%rned
respecti vE/Btructures, the semiconductor device is characterized in that

t he sem conductor | ayer. has a region overlapping the gate wiring, while
sandwi chi ng t H& efl?crt%qld%i(?‘ng{ﬁ?‘éllelﬁﬁ e A et adiage Iﬁg)?YFélraPP%h@Cftaﬁéel
above- menformagdn s&yibe ondieting ilsayeing. fila; r egi on of the 25 sem conduct or

| ayer overlapping the gate wiring while sandwi ching the first insulating
film ¢ herebetz\/\;l%cg‘ﬁ?e V& IheR é{aférﬁ?!z@alaayg f#@8} udi ng at | east a channel

formation regixfcosd iRGid¥Ag film covering the electrode and the source wiring;

a gate wiring connected to the electrode on the second insulating film;

a connection electrode 165 connected to the source wiring and the semiconductor
layer (specifically, a source region or a drain region) on the second insulating film; and

13 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.



present between the channel formation region and the drain region, or a
regi on present between the channel formation region and the source region.
This region is protected from external light. 5 In the case of a

mul ti-gate structure in which a plurality of gate el ectrodes are present
on one sem conductor |ayer while sandwi ching the first insulating film

t herebetween, a plurality of channel fornation regions are present on the
sem conductor layer. It is desirable to arrange the gate wiring so as to
overlap the region present between one channel formation 5 region and
anot her channel formation region. Further, the present invention is
characterized in that, in order to prevent the nunber of nmasks from
increasing, the electrode and the source wiring are forned of the sane

material on thanthd ke brewhalpRg kil 1%%151‘{‘:1 bR i BE R ¥Rl BLESLE 0Fle, , L he
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15 Further, in the above-mentioned 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 pixelelectrode

25 and the electrode (a second electrode 135) connected to a gate winng of an adjacent pixel,
using the first insulating film as a dielectric. Further, it is preferabte 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



using the first insulating filmas a dielectric. Further, it is preferable
that an inpurity elenent inparting a p-type conductivity is added to this
sem conductor |ayer (the second sem conductor |ayer 173). Further, another
structure of the present invention relates to a sem conductor device 6

i ncluding TFTs, each TFT conprising a sem conductor |aver fornmed on an
insulating surface, an insulating filmforned on the sem conductor |ayer,
and a gate electrode formed on the insulating film characterized in that
the gate electrode includes a first electrically conductive |ayer having a
tapered end portion as a |l ower |layer and a second electrically 5 conductive
| ayer having a width smaller than that of the first electrically conductive
| ayer as an upper layer, and in that the sem conductor |ayer includes a

channel f opmenldien TrEgl @ r ing the second el ectrically conductive
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changes i mpdrien %Qni‘ﬁ%r&ttﬁﬁéﬂegghﬁge D€L IRYS ng}/ta%lzg p%trfiory\-{nt trlllist shp%cification.
Further, in the above structure, the third impurity region is characteriied by
overlapping the first electrically conductive layer, while sandwiching the insulating fill’I'l
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 semiconductor 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
atapered 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



25 increase in the thickness of the first electrically conductive |ayer,
the concentration of an inpurity in the sem conductor |ayer decreases. In
the sane manner, with the decrease in the thickness of the first
electrically conductive |ayer, the concentration of an inpurity in the

sem conductor |ayer increases. Further, in the above-nentioned structure,
the sem conductor device is characterized 7 in that the first inpurity
region is a source region or a drain region. Mreover, in the
above-nentioned structure, the sem conductor device is characterized in
that a region of the insulating filmoverlapping the second inpurity region
i ncludes a tapered portion. The second inpurity region is fornmed by doping
for adding an 5 inpurity elenment to the sem conductor layer through the
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not over | &pohdembifi i@et gl width of the 15
second m(pr@?urle%% ?eglgt)rnt%l n the (%%lﬁ% tPc{i‘?r“%elg 33?10 H%S‘H?fér?ﬁwé’ﬁml thegs

|l ong as t gDt t?‘hi“ﬂwW‘mrhetsycm@gmmntmglcm Qpeeatey Ih fasahiahapfert he

thirdio mpuith the e8GR ink struct ure is characterized in
that the TFT is an n- cmaﬁ%;erp IEI Sf th% % 5} thesencepiretifgy of the imprity

present iRvkhitscend H’aplp'lltxetgmﬁﬁTnarsasf:Qrﬁrﬁﬁiomyl th8 k@naRmBuribapR&lis drhed!dd

addi ti on,;y@ ncl udi.ng a CMOS CI rcuit using tfRese n-channel
20 TFTs or ?)gl?:éhaﬁ{ gh%%% Foréhef G RP UL e ReR, th Pﬁ@n%ﬂﬁf@épmpéa@fmmmgvm gsent

i nvent i oedIsicinggedy ragiomeés pkeehtn sReef fHeQHﬁH% uﬁfé‘x‘x@%gﬁ ﬁe%a@s the seco
pair of su str |qU| cry s(igfj

sem cond i ce,conpri si
hel d bemgﬁtv?r% Qes 0‘?&’5’3%? ﬁ’leegrst electrically conductive laver. The w:dth of the
15 second 1mpur1ty region in the jongitudinal 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-chanpel 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-channel
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
pair of substrates, and

0
e

the pixel portion includes:

a semuconductor 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;



characterized in that a pixel portion and a driver circuit are provided on
one of the 25 pair of substrates, and the pixel portron i ncl udes: a

sem conductor |ayer including a source region, a drain region and a channel
formati on regi on sandw ched between the source region and the drain region
on an insulating surface; 8 a first insulating filmon the sem conduct or

| ayer; an el ectrode overl apping the channel formation region on the first
insulating film a source wiring on the first insulating film a second
insulating filmcovering the electrode and the source wiring; 5 a gate

Wi ring connected to the el ectrode on the second insulating film a
connection el ectrode connected to the source wiring and the sem conduct or

| ayer on the second insulating film and a pixel electrode connected to

t he sem conduc second. insulating film and 10 in that the
ot her substr at é? fﬁé‘s‘ﬁg‘ﬁr’”gﬁlf’ éﬁﬁ?‘?{ﬁ*@ﬂ‘?%ﬁt? Ha%Hi ch a red color filter and

a blue col or fihkleerrode evd:raﬂﬁpr‘tag ed c%@nﬁe?r f@l%@l\éﬁrrle@rgntomQh@ kit SeMGoRdYCt or
| ayer. Further, in the abovehn?nél one structure, the sem conductor” devi ce
€

provi des an | Péso't‘ﬂfﬁéwflrr’&tﬁﬁ“d teuldingdilay device, conprising a comon
Wiring on the secnd ihfigkhdd fing co@érr{?th\é"é?ercﬁbﬂe Exti‘cg r% ﬁaceev'u‘?ﬁ.ltgg g?et g”g the

common wiring are arranged 50 t hat el'ectric
surfacé of the?&alssyiriRecansceentr étf:@dhctrlédﬁt)hehc sdcond htesuaim‘gefﬂnﬁntl oned

structure, the ct, uid yst al S
device in whi ch%%&cg?ﬁ\eé qu’gggf?% C%dt 2’@%%3/'%?6 3’“%?5 ?ﬁ%&’ﬁtsﬁwﬁ “A@T&TYCAQ
as a nuifn dmm@nemnsmtatmglfalm rati on f| | mthereof. Further, in the

devi ce prOV|des a 20

above-nmenti one t he s onduct or
transm ssi on- t%%’% &%@t{%fcngg gtﬂ@ﬁﬁ%{g}wa@%%@wrnﬁ.twﬁpﬁm piskkating film
el ect rodeanids nade of a transparent electrically conductive film Furt her

as an%her f eat %e 8f the present invention, a sem conductor device of the
In that the other slibstrate has a light-shielding film in which a red color filter and a

blue color filter are laminated so as to overlap the first semiconductor fayer.

Further, in the above-mentioned structure, the semiconductor device providesan [PS-
type liquid crystal display device, comprising a 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 electrically conductive film.

Further, as another feature of the present invention, a semiconductor device of the
present invention 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



present invention is characterized in that, a first electrode 134 including
a gate electrode and a gate wiring 166 are forned 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 wring 166 and a pi xel
el ectrode 167 are formed on a second insulating filmwhich is different
fromthe first insulating film Further, in a manufacturing process
realizing the above-nentioned structure, the structure of the present
invention relates to a nethod of manufacturing a sem conductor 9 device,
characterized by conprising: a first step of form ng a sem conductor | ayer
made of a crystalline sem conductor film on an insulating surface; a
second step of formng a first insulating filmon the sem conductor |ayer;

5 a thirdgstiep BhrLRHLNG, 2R %Irg%tgr ode overl appi ng the sem conductor | ayer
and a source wring on the FPF8E 8 nsul ating film a fourth step of form ng

a second i nsul atiishgep b formmper dengediecel ekr RAge @Mr%ﬁﬁiiﬁg’éﬁ%gncﬂcﬁ& n and
a fifth s(grgegnﬁ_fsuiqlrrélsngga_gate Wi ring connected to the el ectrode an
overl appi ng the  t08s8M%nduct or 1 ayer on the second insulating film a

connect i on el ectecong sfedlof COMNAE tal 1Y I layer to the source
oraonasg o0 s E AL L FNGL BT 200 o2

wring, and a pixel e trode overla

manuf att uri ng aﬁbﬁ@é?@ Oﬁg%ﬂ”ilﬂg Agclepiso elappingitiose chistnductod e r &1DE RFce
structur ay@fngté}etmrfg&eﬁgu1ianH§m,inon relates to a method of manufacturing a
sem conduct or 5 device, characterized by conprising: a first step of
formng a fir$tiovehi demaddenringay escond Ananating 561 QodeSRMOAdHes & and aer
173, eacrgopggquirfh%dgn@f a crystalline sem conductor film on an insulating
surface; a second step of forming a first insulating filmon the first and

second seni cosdifth gep of byrerisg a2Qteawirlier shrstepd €f th QIdFRge and bbéﬁ%@li%g{&de

134 oyerl i first . sem cqonductor |ayer, a second electro
over | ﬁpisﬁgpdtoﬁguge%gg S YLhF 8%9?88&%%9 atingfp, a gernestieneleetsod for pepnegting the

semiconductor layer to the source wiring, and a pixel electrode overlapping the source
wiring.

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
lavers;

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

a fourth step of forming a second insulating 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 connecting the
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
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on the first insulating film a fourth step of formng a second insulating
filmcovering the first electrode 134 and the second el ectrode 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

sem conductor |ayer 172, a connection electrode 165 for connecting the
first sem conductor |ayer with the source wiring, and a pixel electrode 167
overlapping the source wiring, on the second insulating film Further, in
t he above-nentioned structure, the nethod is characterized in that the 10
second sem conductor | ayer connected to the pixel electrode overlaps the
second el ectrode connected to a gate wiring of an adjacent pixel. BRIEF
DESCRI PTION OF THE DRAWNGS 5 In the acconpanying drawings: FIG 1is a

top view j pr esent invention (Enmbodi nent
1): FIGS. Qg%ﬁ% gé rg%bg@g&él]g ‘?rgcr%rﬁge %‘aﬁ%ﬁée BIehHGFERda R cngPpiscesendelearde

active rraCtOrnlflRCteém@stgaat\elr(ngrdf@dlamiﬁmzentlf)lxello FIGS. 3A to 3C are di agrans
showi ng the nanufacturing process of an active matrix substrate
(Embodinent 1); FIG 4 is a diagram show ng the manufacturing process of an

active matrix substrateB}(IErmggg(r\p\mpTﬂ@N@QHES Sy @ R_i-agr am showi ng a

crossessectl ong structummm—&@ crystal display

devi c€ ( Embodi Feht APMPRN g 6lrawingst op vi ew of a pi xel portion according to

the present imenti gn , ¢ adi n e a to .view and a
s et e ks o SRR P dis fesvil yrvention

cross-sectional view of active
( Enbodi néﬁmb@)jlm?@} 1 GS. 8A and 8B are cross-sectional views of a t erm nal

secti on (Enbo n A to 9C di agrans show ng cross-sectional
structur (es of ﬁg@tgr %ﬁg%%ggﬂ: %t‘;’yag s showiig a m u%acturmg process of an active matrix
substrate (Embodiment 1);

10 FIGS. 3A 10 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 ipvention
(Embodiment 1);

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

FIG.11isacross-sectional view of an active matrix substrate according to the present
25 invention (Embodiment 6);

FIG. 12 isa cross-sectional view of an active matrix substrate according to the present
invention (Embodiment 7);

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

11



liquid crystal display device (Enbodinent 4); FIG 10 is a cross-sectional
view of a term nal section (Enbodinent 5); FIG 11 is a cross-sectional
view of an active matrix substrate according to the present 25 invention
(Enmbodi nent 6); FIG 12 is a cross-sectional view of an active matriXx
substrate according to the present invention (Enbodinment 7); FIG 13 is a
top view of a pixel portion according to the present invention (Enbodi nent
8); 11 FIG 14 is a cross-sectional view of the pixel portion according to
the present invention (Enbodinent 8); FIG 15 is a top view of a pixel
portion according to the present invention (Enbodinent 10); 5 FIG 16 is a
cross-sectional view of the pixel portion according to the present

i nvention (Enbodinment 10); FIG 17 is a top view of a pixel portion
according to tﬁg qr esent invention  (Enbodinent 11); FIG 18 is a
cross-sect i ondl vildwSot CHasE SptiasR! wisM ioribapdxn diongon actdreiny esemnt predé

i nventi onn{doeadiEmyddikdlug)Fl G 19 is a cross-sectional view of a pixel
portion according to the present invention (Enbodinment 12); FIGS. 20A to

20F are di agr 4n8- dRoili Agtopxaiwpl e wpixel gottisr aapptimneeshe (JraRadimRatiod3) ;
15 FI GS. (@%oﬁﬂn&é@@re di agranms showi ng exanpl es of electric appliances
(Enbodi nent 13); FI 22A to 22C are di agrans show ng exanples of electric

appl i énces ( EMBodBmemt cb8)-sedHoGal 2ivi ®f ahdlipag! w%}p%&?dﬁqg%%%nﬁ#e%?'

exanpl e; . I 4A. 1 0 ) are enl arged cross-sectional views show ng the
manuf act lﬂxr?\%ﬁgo%m%oé‘lmem%ﬁe B

FIG. 17 is a top view of a pixel portion according to the present invention
(Embodiment 11);

FIG. 18 is a cross-sectional view of the pixel portion according to the present
10 invention {(Embodiment 11);

FIG. 19 is 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 appliances
(Embodiment 13);

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

FIGS. 22A to 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 4y,

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 inierposed therebetween and an electro-optical material (a liquid crystal material



process of an active matrix substrate; and FIG 25 is a top view of a pixel
portion (Enmbodi nment 4). DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 25

Herei nafter, enbodi nents 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 elenment substrate and a
counter substrate bonded with each other with a predeterm ned gap being

i nt erposed t herebetween and an el ectro-optical material (a liquid crystal
material 12 or the like) being held in the gap. A specific exanple of a

pi xel structure according to the present inventionis shown in FIG 1.
Herein, an exanple of a reflection-type liquid crystal display device is
shown. The el enent substrate includes a gate wiring 166 arranged in a row

directiong ﬁeﬁ%'f&f?n% g\ﬂ?r-lf_r; 7 arranged in a colum direction, a pixel
portion having a piX P F e vi ci nity of the intersection of the gate
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contact therewth. A connecti on ectro
i nsul at i AgVig an {-Kbangieh AFTeor,a Ialcb&mnet'é%rred to as an interlayer insulating
at ring 166, Owing to

the i xel st ruCeors oreng nhalii FRvaRt st PRk Sopasti pagdrset kRbraTeT
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insulating film) so as to be in contact therewith.

A connection electrode 165 is formed on the second insulating film (hereinafter, also
referred to as an interlayer insulating film) as pixel electrodes 167 and 175 and the gate

15 wiring 166.

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 light, 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 formation 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 showninFIG. 1 isa 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

13



light by the gate wiring 166. In addition to the channel formation region,
it is desirable that a region present between the channel formation region
and the drain region (such as an LDD region and an offset region) and a
regi on present between the channel formation region and the source region
are shielded fromlight 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 sem conductor |ayer. Therefore, a
regi on present between one channel formation region and anot her channel
formation region is also desired to be shielded fromlight by the gate

W ring 166. The gate wiring 166 is formed on an insulating filmin a
contacting manner, which 13 is different fromthe insulating filmon which

the first S at | ectrode is provided. In the
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position (at the position of the TFT on the element substrate), is provided on the counter
15 substrate.

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,
or a lamination film of a red color filter, a blue color filter and a green cotor filter) provided

20 on the counter substrate.

A storage capacitor of the pixel electrode 167 is constituted by a second
semiconductor layer 173 connected to the pixel electrode 167 and a second electrode 133,
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 resuit of addition of the impurity element, when a voltage
i1s 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



20 on the counter substrate. A storage capacitor of the pixel electrode 167
is constituted by a second sem conductor |ayer 173 connected to the pixel
el ectrode 167 and a second el ectrode 135, using an insulating film
covering the second sem conductor |ayer 173 as a dielectric. An inpurity
el ement for inparting a p-type conductivity is added to a part of the
second 25 sem conductor layer 173. As a result of addition of the inpurity
el enent, when a voltage 1is applied to the second el ectrode 135, a channel
formation region is formed to forma storage capacitor. Furthernore, in a
regi on where the second el ectrode 135 overlaps the pixel electrode 167, a
storage capacitor using the interlayer insulating filnms 157 and 158 as
dielectrics is formed. Although a storage capacitor is herein forned by

usi ng the dyas : e storage,capacjtor is.not ‘
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reflection-type liquid crystal display device having a high pixel aperture
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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}



used as a pixel electrode so as to be patterned into a desired shape.
However, a 20 transm ssion-type |liquid crystal display device can be

manuf actured thereby. Also in the case where a transm ssion-type liquid
crystal display device is to be manufactured, a pixel aperture ratio of
about 56% can be obtained wth the reduced nunber 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

transm ssion-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 foll ow ng enbodi nents. [Enbodinent 1] 15 A nethod of
manuf acturing a,pi xel paortion and TFTs (an n-channel TFT and a p- channel
TFT) of a drivef® @Fﬁ’@ﬂiqf PYRRAUIing & pexepepitpiesyd DETE gy Rk SlnePRE Ay , At
the sane thameamM@TORFiNE : rate js explained in detall in

Enbodi ment 1. Fi rstm ash?h%&n%FﬁlvI?%EE%ZIR,{L%%%E@W Pf tietmzemdtonfatae same

i nsul at i ng“melaﬁfjs(l?c‘iheééma substsitd iscaplamddde detding @n@&cﬁi@%ﬁ{‘l nitride film or
a silicon oxynigidde. %Hdv@x} i (fgo%&red Or‘]fuf?‘r’i substrate 100 nade from a gl ass
such as‘bar_li_um bq:j’oa_ldml cat e g} s& of DAY U AN Bordssof drcaselaghas$dm such as a
typi cal Py dilgPagsds , B Coih i QO o # - or.. #1737 gl ass. For
exanple, a %&%Q%ﬂ on filmof a sili conZ%gg?lig%(fﬁgle&ffiﬂmslﬁi’g?g%ﬁﬁ?%&aéﬁr ed
fromsSi H M ,]ﬂan @ 3PS 5P SR AR DEn benesiertengthshay b gniauiM b aEsSe O 410
to 200 nmigypicel ermaplays ketwaerSo; 0 an drogenated silicon
oxyni tridg. film 101b, éi ni| ar |°3]Q’rlr_]§_2§ li)ét#l]jr@g%rgq%%rﬁrsﬁ-ﬁ#éﬁéﬁ- NFer exaepieorared
having a thiCKNEEdNBE ol5psitigon oRyvmitridepilef E@halph}ﬁnbme@frlﬁpSﬁvmgﬂgggn@mﬂO s

formed. Abywdadny€VIBhLhME i.S; for the base film 101 1n odi ment
1, but alﬁ%%)e | ayer fi?ﬁengagW%ir}iﬁ}é\%ﬂ?sis Elﬁi‘q U nmdprafesably betwasnisn andi ch

Y ahyait tadisil Teryd el 1] '
more tHan st egenagads a:toe«bxynmyde’aﬂllﬁmm,§1Hﬁ{£|%?ma%§felc§dr@3ﬂ'gﬁ12§@ﬁ

sem condueh@mN,a%EH 80404 1.Q:,106,. are forned by crystalline semcon

filns nanu]flﬁct‘tér ed f? om aﬁagle 'ac%]h%‘tﬁléfso?{% tPr%ﬁQéW fryctenatdpbepreeus 00 and 150

st ruct ur ePTUsisAgrmaed. ad éwodays sahdtizat sy e hed, wn £ her mmal

crystalli gg}ﬂg@@ e} ﬂan The%iﬁgi ckness of thre [ s%nfgrr}s(ﬁgplg %@ﬁ?cﬁﬁgﬁah&w

| ayers 102°t 166 nay 0k A WSEngrfym, 28d a structure in which more than two layers are
laminated, may also be formed.

15 Island shape semiconductor layers 102 to 106 are formed by crystalline

semiconductor films manufactured from a semiconductor film hé.ving an amorphous

structure, using a laser crystallization methodi‘or a known thermal crystallization 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 preferable to form the crvstalline
semiconductor films by silicon or a silicon germanium (SiGe) alloy. d

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

YAG laser, or a 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

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 when these types of lasers

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

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

density is set from 100 to 400 ml/cm® (typically between 200 and 300 ml/cm?). Further,



to 80 nm (preferably between 30 and 60 nm. There are no limtations placed
on the 20 crystalline sem conductor filmmaterial, but it is preferable to
formthe crystalline sem conductor filns by silicon or a silicon gernmani um
(SiGe) alloy. A laser such as a pul se em ssion type or continuous em Ssion
type excinmer laser, a YAGIlaser, or a YYX |aser can be used as a | aser

| i ght source used in manufacturing the crystalline sem conductor filns by
the laser crystallization nethod. A nmethod of condensing 25 | aser |ight
emtted froma | aser em ssion device into a |inear shape by an optica
systemand then irradiating the light to the sem conductor film may be
used when these types of |lasers are used. The crystallization conditions
may be suitably selected by the operator, but when using the exciner

| aser, th ! 1ssion frequency is set to 30 Hz, and the |aser energy
density i ghg}étﬁﬁggﬁ% %563699%%51(5% PRI SiSE) 2béthvemnisovisand (BO@ency

mi/cm ). Buetfrem 1 tdGOWIED) aH8 KT at&enY, ropic Js used
and the pﬁl se eni ssion é@ e(;iuency > s nsﬁ%? #%ﬁ? ?352%1%%%2%3?1@&0”?% AR
energy detditYDRRGTVEED 369 289 A BdGY b Hodases lightcon(ieyseiddmicl atinat ees waB0
and 500 mdhedR)of 1DD8c l1@8er, A | i.pt.o.a |in shape wit a
width of 100 to 10000um f Slrl %E%’Fﬁﬁ@ggggiﬁ’m‘Q}hse“t‘ﬁréﬁ]a?%%"cﬁ’i&e%ﬂtH%éFff?‘FFe
ent i r & sutffte substigte.t hbisgaperformas withias civsripg ety ofefD Wi 947 30; ONATdeap kat i 0
of 80 tol%]%for the linear laser light. A gate insulating film107 is
formed coveri r;jggt hg iLEI and shape sem conductor layers 102 to 106. The gate
i nsul ating fi lAga®iniwdatingy fited 1 ©F isdormausievatihaehefish A € b ol

with a tl"iio%gei?g qfhe40 to L(]5:150 nm b $I.a rraIC%Deolr as uﬁyg?’}aﬁ%&&gﬁg{%%ﬁ/r@r{s
thick silicon 10 oxy®lsPadapng mﬁO bsrfsﬁéiaeﬁj Af Exrisdiaveatilm contaniggtsdicon

i nsul ati gt althicksessatf 40 1 1300 h W fhsna EXAS kdrfgon jtride film of
cours %nd t.QeF.li nsul ati ng frill nsyt{lont%i ni né)?fg_{)l?(?éég]%qnggébg}rééb%g Sﬂécéja in
a si ngﬁ e TaPEPIOHPAS Formg IR & imepiubt The gatednsubatineplilen iswe imisidng this
silicon tyesfeiliddmaxynbtriganpe I ith a m.xture of TECS
(tetraet h?jel ort h_cr)]sixl?linc;t e) 1 llglhplif %{lﬂge? agc}/?@ggﬁgglﬁg}p@g@@é198%3?“!91%)51&’5917 M3¥n
the subsfFat§ ”ﬁ%ﬁé@%ﬂ&kéaﬁéprfﬂr&iﬁmﬂ&tf@ﬁ@truaudd)mareamdpt&ywdbﬁﬁﬁﬂggisngogt a

o BB GE, S50 6 B BBV BT o o
subsequeRERgsiieatt band Ag at meamidn prasesd o g PAiehyeaR 400 AR HAR Cer rAfmt he
si1iGen &xh df400°C, and by discharging at a high frequency (13.56 MHz) electric power density
of 0.5 to 0.8 W/em®. Good characteristics as a gate insulating film can be obtained Sy
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
itis preferable that the resistivity of the W film be made equal to or less than 20 «Qcm. 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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filmthus manufactured. A first conductive film 108 and a second conductive
film2109 are then formed on the 20 gate insulating film 107 in order to
formgate el ectrodes. The first conductive film108 is fornmed of a Ta film
with a thickness of 50 to 100 nm and the second conductive filmis forned
of a Wfilmhaving a thickness of 100 to 300 nm in Enbodi ment 1. The TaN
filmis fornmed by sputtering, and sputtering of a Ta target is perforned in
a nitrogen atnosphere. The Wfilmis formed by sputtering with a Wtarget,
whi ch can also 25 be fornmed by thermal CVD using tungsten hexafl uoride
(WF,,). Wiichever is used, it is necessary to nmake the film becone | ow
resistance in order to use it as the gate electrode, and it is preferable
that the resistivity of the Wfilmbe nmade equal to or less than 20 uQxm
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suf fi ci entOTERANODy FRgLremstiyipol 9 tad 38 ufdconvdrhe gasevebiase are introduced at the

time ofs film Rekdtiiony spstivity of to 20 uQm can be achieved. 5
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fromthe %up L8RS ST HECLFORAD §iyment selegisd fpam thagroam corsissimgant Ta, MayTi,

mat eri al il garan@u dforh he s Bo R AMRRT Bavase bl ' | fugnt,. or froma
cheni cal &otrrrgoun%P of. these elgrrents. Furt he??@égségﬁé?@%ﬁl%}ﬁg&o@mpiCPPr?m“e“t’
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phosphor ougoliyssildeRetdim (Y wai P es of preferahle

combi nations of her than that u%neﬁﬁﬁg%ggﬁﬁegﬁah%pgp Oﬂ%:‘SBBP‘?ﬂvH&’Yt%@
first condubtide rrmpesyok pretersbim anmbringtéonsTahyr and aniicai MOEbowintdy; { he

second caneluati Y& nfinkMd 6F Fﬁéjr%f ’ Liddiy fonm ng-the 11 st conduct! ve
filmby tantalum ni %r i de (Ta ucgg%ﬁ%n\é\%ﬁi[?ﬂwaq Q“fﬁﬁ%ﬂag’ﬁéﬂ%%@hwrb&ﬁ@u&u ve
fi 1 m for B8 SEFh eandusting fifml foymedh drofor rivrEgni; FerthingSihe FRROMGIHYEY d .ﬁ'hﬁ]lfvy
t ant al Umtﬁh%mnﬁiﬁugﬂj’?ﬁaﬁ?gmcggbg“i- ng, it with the second conductive fil'm
formed froma O TiT mbinmng it with the second conductive film formed from an
15 Al film; and forming the first conductive film by tantalum nitride (TaN) and combining it ~
with the second conductive film formed from a Cu il
Masks 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 piasma)
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. ’
Edge portions of the first conductive layer and the second conductive laver 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 t0 20% in order to perform etching without any residue remaining on the gate insulating
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Masks 110 to 116 are forned next fromresist, and a first etching process
is perforned in order to formelectrodes and wirings. An ICP (inductively
coupl ed plasna) etching nethod is used in Enbodinent 1. A gas m xture of
CF4 and C. is used as an 20 etching gas, and a plasma is generated by
applying a 500 WRF el ectric power (13.56 MHz) to a coil shape el ectrode
at 1 Pa. A 100 WRF 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 mxing CF4 and C, the Wfilmand the TaN
filmare etched to the approximately sanme |evel. 25 Edge portions of the
first conductive |ayer and the second conductive |ayer are nade into a
tapered shape in accordance with the effect of the bias voltage applied to
the substr@ate T§b - he. above et chi conditions by using a suitable
resi st mask shapeg%ﬁ‘rékqg\%'{ aeglé) O OREnYT ‘ﬁfegg’a PO IEFRARS 17 8 Wridlm kSfrom Am 4
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performetog(gl 1@% wb? hout aegjy residue rémaining on the gate I nsu ft f‘lé 18
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denotes a i i il m .and e _regions of thée gate insulating
film117 hcg?ﬁﬁg%{/eg?lgﬁf/&%ﬁ&yfemhﬂg %fh%fg@ LPAuctive layers 118 to 124 are
mede thinner byusbehitagirafshage tandsid MyekytBRET24 LGRS SARS one time
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condu%i ve %a)éers 113 Eo 24 are forned by etching one
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first doping pAdessoisg bRRAssIEHHar L EBULL e Sherent, whi ch

i mparts n. type conduct! by e o SRR AR e G0R ey B
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15 periodic table group 15 element, typically phosphorous (P) or arsenic (As) is used as the

impurity element which imparts n-type conductivity, and phosphorous (P) is used here. The
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 t0 129 are formed in
a self-aligning manner. The impurity element which imparts n-type conductivity is added

20 tothe 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 used, a mixture of CF,, Cl,, and O, is 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
electrode at a pressure of 1 Pa. A S0W 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

g
W
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inmpurity elenment which inparts n-type conductivity, and phosphorous (P) is
used here. The conductive layers 118 to 122 becone nasks with respect to
the n-type conductivity inparting inpurity element in this case, and first
inmpurity regions 125 to 129 are formed in a self-aligning manner. The
inmpurity elenment which inparts n-type conductivity is added 20 to the first
inpurity regions 125 to 129 with a concentration in the range of 1x102 to
1x10 atons/cm . A second etching process is perfornmed next, as shown in
FIG 2C. The ICP etching nethod is simlarly used, a mxture of CF' d,,
and O is used as the etching gas, and a plasma is generated by supplying
a 500 WRF electric power (13.56 MHz) to a coil shape 25 electrode at a
pressure of | Pa. A 50WRF electric power (13.56 MHz) is applied to the
substrate §§g? sel f-bias voltage which is | ower
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twice or nore. exanp erformng etching with a gas m xture of
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and F, angﬁsgnuxa;rgeCEmufr\(D chct-faradng &Csarmy F, Enﬂ @Mdrge amount of F radicals or Fions
15 is generated. As a result, the etching speed of the W film having a high fluoride vapor
pressure is increased. On the other hand, even if F increases, the etching speed of Ta does
not relatively increase. Further, TaN is casily oxidized compared to W, and therefore the
surface of TaN is oxidized by the addition of O,. 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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15 is generated. As a result, the etching speed of the Wfilm having a high
fluoride vapor pressure is increased. On the other hand, even if F

i ncreases, the etching speed of Ta does not relatively increase. Further,
TaN is easily oxidized conpared to W and therefore the surface of TaNis
oxi di zed by the addition of O . The etching speed of the TaNfilmis
further reduced because TaN oxi des do not react with fluorine and chlorine.
It therefore 20 becones possible to have a difference in etching speeds
between the Wfilmand the TaN film and it becomes possible to make the
etching speed of the Wfilmlarger than that of the TaN film A second
dopi ng process is then perforned, as shown in FIG 3A The dose anobunt s
made smal l er than that of the first doping process in this case, and an
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| ayers 1 135 ng.secand inpurity regions 143 to 147 between t
first |3r‘rip}€[¥l|£/?r§l ﬁ%g‘eotﬁggé?fﬂuflf'}”emﬁ‘rﬂnﬁd inpurity regions are thus fornmed. The
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concentrati.on becones from1l x | O ' top 1x10" th\gr?%%/%ﬂrﬂsdoﬁjﬁlgfﬁ@%gsg%lm%e

i mpur i ty 'TBYITBHES 251dD e8s AEond deminEprocess may pisode peafoomed aftSr fematvive: thki r d
I npurict y réegigngs, Further, an exanple is shown here of performng the

second doping _process with the resist nmasks as is, but the second doping
process may afSertherpartoragignaritar or ébwildgl With ah Qrmpesitstelemak havhauat h

| our gl ey ke RS, ST TR Lk el SRt e s e
i mpuri t y clegleahmne theafermdrers shommed FAS. Shavhe idadd $Bap8BerhiRohfethSl 3014 1 8hape
sem condygt af rof AYELSanh A TFTs. The second conductive layers 132 and 135 are used as a mask
15 with respect to the impurity element, and the impurity regions are formed in a self-aligning
manner. 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 to 156 with a concentration of 2x10° to 2x10% atoms/cm’. In practice, the
boron com'g_ined 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 element 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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whi ch form p-channel TFTs. The second conductive |ayers 132 and 135 are
used as a nmask 15 with respect to the inpurity elenent, and the inpurity
regions are fornmed in a self-aligning - manner. The island shape

sem conductor |ayers 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 inpurity regions 151
to 156, and ion doping is performed here using di borane (B, H6), so that
boron is also added to the fourth inmpurity 20 regions 151 to 156 with a
concentration of 2x10= to 2x102i atons/cnB. In practice, the boron
cout?fined in the fourth inpurity regions is influenced by the film

t hi ckness of the conductive |layers which have a tapered shape and the
insulatinghfiLnLin ? sitions above the sem conductor layers, simlar to
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500 and SB0C TEAr Vot Benicor 2 RePRLFeBt BP0 b Er O rb BobE et on:
1. I—b\A/eyeIrﬂ,‘e-f or cases in which the wiring material used in the wirings 131
o Lo S TR S SRl B kB RR LT v
i ts main pohsns mhértt Jorfaspondiar I 1RbAUECE atdi@dWbickingSaaRAniRE Thi K of C-
15 C"in FIG. 3 correspond to the cross sectional view cut the line C-C in FIG. 6. The line of
D-D’ in FIG. 3 correspond to the spherical view cut the line of D-D’ in F1G. 6.

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.



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
same nmarks. The line of G 15 C in FIG 3 correspond to the cross
sectional viewcut the line GC in FIG 6. The line of DD in FIG 3
correspond to the spherical viewcut the line of DD in FIG 6. In
addition, heat treatnent is performed for 1 to 12 hours at 300 to 450C in
an at nosphere contai ni ng between 3 and 100% hydr ogen, perform ng

hydr ogenati on of the island shape sem conductor |ayers. This process is
one of termnating dangling bonds in the 20 island shape sem conduct or

| ayers by hydrogen which is thermally excited. Plasnma hydrogenation (using
hydrogen excited by a plasnma) may al so be perforned as another neans of
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pi xel TFTbdteee eﬁpeﬂmmgelgo the first sem conductor layer 172 in FIG 1) 10
and the islan e sem conductor |ayer form ng a storage capacitor

(corr espondi ng lf [tl? CUSEHANE heririgcontobame] Thfet0117-¢hankelGTFI 02 Naddeart hat

the pi xeln-ehastel qder 167, ok 8R35%d portion 407 having the pixel TFT 404 and a storage

15 capacitor 405 can thus be formed on the same substrate. For convenience, this type of -
substrate is 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 region or a drain region. The p-channel

TFT 402 has: a channel forming region 169; the fourth impurity region 153 overlapping the

second conductive layer 132, which forms a gate electrode; the fourth impurity region 1352

formed outside the gate electrode; and the fourth impurity region 151 which functions as a

25 sourceregion oradrain region. The n-channel TET 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.



bet ween adj acent 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 capacitor 405 can thus be
formed on the same substrate. For convenience, this type of substrate is
referred to as an active matri x substrate throughout this specification.
The n-channel TFT 401 of the driver circuit 406 has: a channel form ng
region 168; the third inpurity region 143 overl apping the second
conductive layer 131, which forms a gate el ectrode, (GOLD

(Gat e- Over |l apped-LDD) region); the second inpurity region 141 20 formed
outside the gate electrode (LDD (Lightly-Doped-Drain) region); and the
first inpurity region 125 which functions as a source region or a drain

region. The p- chignmiee! TREF0400thhaske] aoaharine) af:ﬁérmemgarﬁﬁzg% Eb{;g&f?ﬁl.me d
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because the second el ectrode 135, TAPET QL YL 1soiequired In a display
15 panelsuch as 4 inches or less in diagonal. Also, it should be noted that a pixel structure as

shown in Fig. 13 is suitable for a farge size display panel.
A top view of the pixel portion of the active matrix substrate manufactured b‘y
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

S0 as to overlap in edge portions of the pixel electrodes such that the gaps between the pixel
clectrodes 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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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 electrode for the pixel electrode 167 and also functions as an
el ectrode of a storage capacitor for the pixel electrode 175. This feature
is suitable for a small storage capacitor which is required in a display 15
panel such as 4 inches or less in diagonal. Also, it should be noted that a
pi xel structure as shown in Fig. 13 is suitable for a | arge size display
panel . A top view of the pixel portion of the active matrix substrate

manuf actured by Enbodinent 1 is showm 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 AAA shown in FIG 4. The line B-B' 20 of FIG 1 corresponds
to the Line B-BurtBeiowiiei in aet@dasice @ohsegprentdsys shevihint PRHB&THME lnrﬁ]gd fﬂve
substrateng%yknggn%epkg electfode f the present invention, iy
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Enbodi menfraughphe active matrix substrate can be manuf act ured by using

five phot omasks (4R n ape sem conductor | ayer pattern, a first
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5 TFT pat ont act, hol
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t hr oughpd? >“IV6RE3\EHC clattamtsus firgt Hermscandite &Nheasewt:lyeld@atgarehemer@dﬁp a8 the

sour ce WitpRgity¥dl€ment to the portion serving as gate electrode and activating this portion, the first
15 electrode is formed so as to overlap the gate electrode. At this point, a contact between the

gate electrode and the first electrode is formed not by forming 2 contact hole but merely by

superposing the first electrode on the géfe 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



i0 sinultaneously fornmed is given in this enbodi nent, another nmask may be
additionally forned and the gate electrode and the first electrode may be
separately forned in different nanufacturing 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 elenment to the portion serving as gate el ectrode and activating
this portion, the first is electrode is forned so as to overlap the gate
el ectrode. At this point, a contact between the gate electrode and the
first electrode is formed not by formng a contact hole but nmerely by
superposing the first electrode on the gate el ectrode. Mreover, the source
wiring is formed sinultaneously with the first electrode. This allows the

utilizati ofophe@ktP MY r .havipg a | ow resistance as a material of
the first el ectrode an?ﬁ%ﬁggﬁﬁﬁbk\ﬁ‘r P%(g.hazeng Erbodbhentn2}heAdboaRSSs Pf

manuf act ur i"AYIN&re Bloe teler,rmat o el dpbeliveinG .. di ay _device fromthe
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and a rubané 18P 5dREdng wdgetar diligrthndAne bipposionglis st 5@5@%@83&&)&@9 aé&g'
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Col or fil tﬁfie}baﬁ@héce@?&}g?agii;@ﬁ}, and an overcoat |ayer are .
t he opposing substrate 9. € color filter layers are 25 formed such

that the col or FYTthesrcamvised 570, thhavimgtian £RE 5 color, filter
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a is formed by this height when the active matrix substrate and the Opposing subst
joined together. The overcoat layer is formed by an optical h

15 organic resin matertal, and materials such
example.

rate are
ardening, or a thermosetting,

as polyimide and acrylic resin are used, for

The arrangement of the Spacers may be determined arbitrarily, and the spacers may
be arranged on the Opposing substrate so as to line up with positions
electrodes, as shown in FIG, 5, for examp]

over the connection

€. Further, the spacers may also be arranged on

20 theo ' i ' iti
pposing substrate so as to line up with positions over the TFTs of the driver circuit
The s ‘ '
pacers may be arranged over the entive surface of the driver circuit postion. and they
may be arranged so as to cover source wirings and drain wirings.
An opposing elec 576 i ) '
o pp . g trode 576 is formed by patterning after forming the overcoat laver
» 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
fo-rmed, and the opposing substrate are then joined together by a sealant 568. A filler is
m1>.<ed .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

betwee 1S i
i both the substrate, and this is completely sealed by using a sealing materiz| (not
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spacer. Each color filter is fornmed having a thickness of Ito 3m by m xing
a pignent into lo an acrylic resin. A predeterm ned pattern can be forned
usi ng a mask which uses a photosensitive nmaterial. Considering the

t hi ckness of the overcoat layer of | to 4m the height of the spacers can
be made from2 to 7m preferably between 4 and 6m A gap is fornmed by this
hei ght when the active matrix substrate and the opposing substrate are

j oi ned together. The overcoat laver is forned by an optical hardening, or a
t hernosetting, 15 organic resin material, and materials such as polyi mde
and acrylic resin are used, for exanple. The arrangenment of the spacers
may be determned arbitrarily, and the spacers may be arranged on the
opposi ng substrate so as to line up with positions over the connection

el ect r odesshpds SHNOWE; dyReFI for . lLe. Further, the spacers may also
be arranged on Zogwleguciﬂf bofgkr?gwgulgi%l?)aé@gp% U TgOrY Re v G\ffrﬁ’ Io4s €
over the TEIgngk the aetixeematiix dujuid criEhe sipglagrdevimy sRevarhapgedsoxey, the
entire surd @ the driver circuit portion. and they may be arrangeg SO
as to cover source wirings and drain wirings. An opposing electrode 576 is
formed by patterning after formng the overcoat |aver 573, and a rubbing
process izggﬁ;fornequzfter formng an orientation filmb574. 25 The active

matrix su 5’98“%1?{ ich the pixel portion and the driver circuit are

formed, and t h&heppast 1S B i Qi h ..a . seal apt
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26 shown Phnﬁﬁﬁ&figure). A known liquid crystal material may be used as the
shown n Lo & B BRuEw sl 86 BT kit adhorsfhersie arrioatuemesirehe
Enbotl mon. 7w | | ohe geacrtbed w Ln 1 of of bnee Lo byt bRt g B9,
The corrp(téonrgnr?\té@”% g}ereég%ﬂdf’?l‘b‘ IErPIpHFYE With ippe SeSti%[rS@fdlégﬁemié@i waitsmmdséme
ref er encethe like are formed on an active matrix substrate 201. The active matrix substrate 201 and
an opposing substrate 569, on which a color filter and the like are formed, are bonded with
15 each other, sandwiching an end-sealing material 568 therebetween.
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, i.¢c., a
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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nunerals, 10 In the top view shown in FIG 7A, the pixel portion, the
driver circuit, an external input termnal 203 to which an FPC (Fl exi bl e
Printed Circuit) is bonded, a wiring 204 for connecting the external input
termnal 203 with input sections of the respective circuits, and the |ike
are formed on an active matrix substrate 201. The active matrix substrate
201 and an opposing substrate 569, on which a color filter and the |ike
are formed, are bonded with 15 each other, sandw ching an end-sealing
material 568 therebetween. A light-shielding film 207 nade of a red col or
filter or a lamnation filmof 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 wWiring side driver circuit 206 that face the counter

subst rat etherebegeer: filter 208 fornmed on the surface of the pixel portion
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214. Further rmrg Yn"é fRHICCRINES I e b Wiiran s 2 nCerct Xayopde, netinf aseivgrahat e
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substrat & icqtire@es vkhemmEd Nargdt; | nogrg(%i e W¥%ne same layer as that of the pixel
15 electrode has a triple-layered structure of a Ti film 2(09a, an Al film 209b and a Sn film 209¢. -
The 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  appropriate, electrical connection with the corresponding 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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sanme |ayer as that of the first electrode and the source wiring and the
wiring 209 formed of the sane |layer as that of the pixel electrode. It is
apparent that it is merely an exanple to 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 made of the sane |ayer as that of the pixel 15
el ectrode has a triple-layered structure of a Ti film209a, an Al film 209b
and a Sn film209c. - The FPCis forned by the base film 212 and the wiring
213. Thi s {Rinbbbgneht3d|and the wiring 209 forned of the sanme |ayer as that
of the pixel e|lectrode are bonded with each other by an anisotropic
el ectrical ly cORBUCHYY@UNSsPErteonobficygd oh Bmbhbmes etdihng asthesi ies 214
and el ectds i ve: i di spersed therein, thereby
Formi ng. an Slacr 1 RareYgy USRI Sl By b bl B G Rer s ndnra et 76
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formed wi tehadhceaUBIGR Shgydecircuiting with an adjacent wiring. The active
matri x |iqui ddfry‘s]t al display device manufactured as described above can

be used as a di¥pgPajRansficontof theadtivesiasivstlrsomies tepphridacesng Pbcess up to

[ Embodih mamt 4] i [ - ! ctured in E jment | can
be applied to %inﬁeﬁiﬁ%@%ep%a%?@%% %@E’g‘é@?@é’3ﬁ¥%dﬁ?°%‘ﬁfﬁﬁ%&mg the
manuf act uMPERpSE deakedimamt { héNotthide comsationietectiode 485 €omb@IRcBne the source

transm ssj,Qns: pbagui d crystal display.deyice i.s to be 5 nanufactured, a
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of a transpacentg eieedtaindiectdote tahidstherfigeli fleRtodedaeidd FI@?MC)?‘C?HE%eng
an active m?tri X ubstrate used for a transm ssion-type liquid crysta
e roge§ gnaeygx&nigbéaa Qptewed by forming an electrically conductive metal film by

di spl ay c?évcl C
15 sputtering or vacuum evaporation before patterning. The structure is described in detail with -
reference to FIG. 9B, taking the connection electrode 301 as an example. A Ti film 301a
is formed to a thickness of 50 to 150 nm so as to form a 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

-2
(o]

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 eiectrically conductive film is formed on a second interlayer insulating film.
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reference to FIGS. 9A to 9C. For the manufacture of the active matrix
substrate, the manufacturing process up to 1o the formation of a contact
hol e reaching a sem conductor |ayer is conducted, follow ng the process of
Enbodi ment 1. Next, the connection electrode 165 for connecting the source
wiring 137 and the source region, a gate wiring 300, and a connection

el ectrode 301 for <connecting the drain electrode and the pixel electrode
are formed (FIG 9A). These electrodes and wirings are obtained by form ng
an electrically conductive netal filmby 15 sputtering or vacuum
evaporation before patterning. The structure is described in detail with
reference to FIG 9B, taking the connection electrode 301 as an exanple. A
Ti film30la is forned to a thickness of 50 to 150 nmso as to forma
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FIG. 25 is atop 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. Certainlv, 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 interfayer insulating film is required to be
removed.

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

structure of a Ti film 30_9&, an Al film 309b and a Ti film 309¢. A treatment for forming an
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using a hydrochloric acid type solution. Since a residue is likely to be
generated in the etching of ITO an alloy of indium oxide and zi nc oxide
(I'n,B-ZnO may alternatively be wused to inprove the etching
processability. Since the alloy of indiumoxide and zinc oxide io is
excellent in surface snoothness as well as in thermal stability as conpared
with ITO the wuse 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 material for the transparent electrically
conductive film In addition, zinc oxide to which gallium (Ga) is added
(ZnG Ga) can be 15 used to enhance a transm ssivity of visible Iight and
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the sane FMAYEF Q¥ t'He"fSrst el ectrode and the source W ring, the

overl aying int esrsl@@se:hmmsbkbxa:t,itﬁl@ atiibdnairix QbétFRE allowhe; e RYBthetFR&F a
iri el ectrode has a

w ring 309 of the same yer as the pixel
tripl 30| agﬁéi%aon éi%!:‘ﬂﬁ*rdecaﬁtag d5p1ay deyigp9n mapwisgured I‘?ﬁ“?.(fw aperogmasks i1 | m

309c. A tEepiomeiént OWhil@ AN aPG ARatr B0 PXir e Mﬂcﬁ@zﬁmﬁ@@e@rfom%raﬁsxﬁls lofi-type
exposed |s conduct ed after the formation of the wring 309, PS1 the

film 300b!8% Besish slisimiedeticomaedm a@mufﬁgtwm witlken aeﬂdetmnadaqyéaommo(smuse
2 Corrosi MR Ack! SouRMLERG AuboprRd Bk be BaRECEL MI12 39chLfie i 1O

313. The wring 3
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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 60%a
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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an anisotropic electrically conductive adhesi ve made of a thernosetting
adhesive 314 and electrically conductive particles 316 di spersed therein,
thereby formng an electrical connection structure. As described above,
the active matrix substrate allow ng the nanufacture of a 10
reflection-type liquid crystal display device is manufactured with five
phot omasks in Enbodinent | while an active matri x substrate which can be
used for a transm ssion-type liquid crystal display device can be

manuf actured with an additional photomask (six photomasks in total). This
enbodi ment i s described as conducting the same manufacturing process as

t hat of Enbodi nent 1; such a structure is applicable to Enbodi nent 2. 15
[Enbodinené %J In this enbodi ment, an exanple where a |am nate structure of
Ag and Al [F&bgduaeié] a second wiring is shown in FIG 10. The structure of

Enbodi nent 5 i g heal . wth t. of Enbodi nent 1 except for a second

wiring patter nM@ﬁg@Wz]i&%avwchiafﬁnggmcwrF an ag e aldiXaRstrate diffdrs fom that
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vel | as UG RATHPMESF ef therdiiee cirii SSEfﬂ?ﬁﬁiamtjit@@éh&%é‘kﬁﬁ%@igt@PBﬁP&ﬂﬁﬁr
ich

wi th any pongref Lrhedi 0.4, 31 [Enbadi nent 6] An exanple in
a TFT structure of g’nhg%%?/mto i he ARSI Gredite 32t Sasicaln forms anfanalog

EnbodFQre.ri;tWIf_‘F.hi s explained in Enbodiment 6 with reference to FIG 11. A
o channel |5 TRF B30 SR & e R REAHERe FPTr BB IoE ant Saueanpbion ey
856 made réglons.argldcioDdegions in island shape semiconductor layers 803 t0 806 on a base film
802 formed on a substrate 801. The base film and the island shape semiconductor layers are
_formed similar to those in Embodiment 1. Gate electrodes 809 to 812 formed on a gate

15 insulating film 808 are formed having a tapered shape in their edge portions, and LDD
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
increase 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
element 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

25 portions, by ion doping method.

A first .DD 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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n- channel TFT 852; and a pixel portion 858 having a pixel TFT 853 and a
storage capacitor 854, are formed on the active matrix substrate shown in
FIG 11. The TFT of the logic <circuit portion 855 of the driver circuit
857 forms a circuit such as a shift register circuit or a buffer circuit,
and the TFT of the sampling circuit 856 basically forns an analog 10
swtch. These TFTs are forned by form ng channel form ng regions, source
regions, drain regions, and LDD regions in island shape sem conduct or

| 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 Enbodinment 1. Gate el ectrodes 809 to 812 fornmed on a gate 15 insulating
film808 are formed having a tapered shape in their edge portions and LDD
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regi on 834, andﬂ& Qeﬂr”D}EfI“ﬁfnﬁHdaifm eeh e BB npel
form ng rg'ﬁi an 832I$| n the first nnchannele TIEIFI@{h% ﬁ%l?%ﬁg%’?% 8o %@v
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first LDBMefiyenasde ga(ﬁemlswlppngl@lmi%)SgatcEa sdceqtl kideod@838C ANE tyfmREH PN
838, and @ 50Uk SR sland shape semiconductor layer 807, and the voltage applied to the second
15 electrode can be made lower due to the low resistivity.
Aninterlayer insulating film is formed of a first interlayer insulating film 816 having
a thickness of 50 to 500 nm and made from 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 insulating film with an organic insulating material. Further, organic resin
matertals generally have low dielectric constants, and therefore parasitic capacitance can be
reduced. However, organic resin materials are hygroscopic and not suitable as protective
films. Itis therefore preferable to form the second interlayer insulating film in combination
25 with the first interlayer insulating fiim 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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5 drain region 837. On the other hand, the p-channel TFT 850 has a single
drain structure, and inpurity regions 829 to 831, in which a p-type
impurity is added to the outside of a channel formng region 828, are
formed. The pixel TFT formed of an n-channel TFT in the pixel portion 858
is formed by a nulti-gate structure with the aimof reducing the off
current, and a first LDD region 843 10 overl apping the gate el ectrode, a
second LDD region 842, and a source or drain region 841 are fornmed outside
a channel form ng region 840. Further, the storage capacitor 854 is forned
froman island shape sem conductor |ayer 807, an insulating |ayer forned
fromthe same |ayer as the gate insulating film808, and a second

el ectrode 815. A p-type inpurity is added to the island shape
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impurity element to the portion serving as gate electrode and activating this portion, the first

electrode is formed s0 as to overlap 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

20 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.

[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
TFT 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 substréte shown in FIG. 12. The TFT of the
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insulating filmis etched. Thus, good contact holes can be fornmed. 5 A
conductive netallic filmis then fornmed by sputtering or vacuum
evaporation, a resist nask pattern is formed, and source and drain w rings
818 to 823, a pixel electrode 827, a gate wiring 826 and a connection

el ectrode 825 are forned by etching. An active matrix substrate having the
pi xel portion with the pixel structure as showmn in FIG 1 can thus be
formed. Furthernore, the active matrix liquid crystal display device shown
in Enbodi nent 10 2 can be nmanufactured by using the active matrix
substrate of Enbodi nent 6. Moreover, although the exanple where the gate

el ectrode and the source wiring are sinultaneously forned is given in this
enbodi nentloganether psask IBY, ol rnmed. and the gate el ectrode
and the fi rgt el ect?ode. r?n% %fte)‘%ggjgg?g%g{@ P%? rfr%%'s’l %CHFLI“?@F gsa shifC register
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| ayer which,#& 15 to serve as a gate electrode is first formed. After
successively adding an n-type or a p-type inpurity elenment to the portion

serving as gat &aeltdetactde nandx acbstnad sgvi I Enkthem, 7 theadl fi54 9O§|i§cf{r£t0de
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of a sec - el TET 952; and a pixel portion 9

953 and a?%$%%t§%%g§683?1foérat@5¢@?¢ﬁ’r@“98_r°ﬁéd? n '¢ helGceiovs/eratri x substrate

shown in FIG Gatecltwroted 909 totgle__,a&%oh@ﬁb@tr&der(géﬂa%itBPéIEét%e%?S,%d%?@urce
hi'ft register” circuif or a

but o ci PLUPE T3 fts BRBESP S oiaaril haraBIv ag ToNrasch consBietiaSTiecatgelecira, an

anal ogs swetwbond electrode, and the source wiring may also be separately formed by a material -
having alow resistivity such as Al. An impurity element which imparts n-type conductivity,
typically phosphorous (P) is then selectively added at a concentration of 1x10'° to 1x10°'
atoms/cm’ to regions outside the island shape semiconductor layers 903 to 907, outside the
gate electrodes 909 10 912, and outside the second electrode 915. Channel forming regions

20 931 and 934, LDD regions 933 and 936, and source or drain regions 932 and 935 are thus
forined in the first n-channel TFT 951 and 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. A source or drain region
938 is formed similar to the first and the second n-channel TFTs.

23 An interlayer insulating film is formed, similar to Embodiment 3,of afirstinterlayer
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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For the active matrix substrate shown in Enbodinent 7, a base film902 is
first 5 formed on a substrate 901, of a filmsuch as a silicon oxide film
or a silicon oxynitride film having a thickness of 50 to 200 nm |Island
shape sem conductor |avers 903 to 907 are forned next froma crystalline
sem conductor film manufactured by |aser crystallization or thermal
crystallization. A gate insulating film908 is forned on the island shape
sem conductor layers. An inpurity elenment which inparts n-type
conductivity, typically io phosphorous (P) is then selectively added to the
i sl and shape sem conductor |ayers 904 and 905, which form n-channel TFTs,
and to the island shape sem conductor |aver 907, which forns a storage
capacitor, at a concentration of 1x10'6 to 1x10" atons/cm . Gate el ectrodes
909 to 91250%C%5%%%6”€K6@@ﬁ@§@n(&amadmu6mreﬁechwod@bd@ﬁﬁmsaﬁduﬁmﬁeuﬁﬁﬂem
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LDD regi on 939 bi¢ fnsenghyenel TET B8 3fitke ]ngrCrmntuntrpoan@E‘JHS}ﬁsla@ﬂhﬂ@rﬂﬁﬂﬂﬁfeh
using the or med out side .a chann form ng
OB P Eh LRttt RN Bep B IPE BERELET Ui F R e i thetse

region 937, A sourte or

and t h&? sé@éﬂdﬁgqorctmemefmme vRﬁmAnoﬁthb erdua y&ion muélffwea%yfw;é GULSD F%ﬁ?d
yer |nsu atin

From an i ook oaat WeRbeation B ikl aid S bon o (o P con e wpyaresd on -

silicon oxpameli TET fﬂﬂdlgath&e@ﬁél@flsﬁﬁ@tﬁk@bé%{uzthﬁl%élh%'fﬁg cfrtmne ?rilcr stﬁmdrgéfsfe‘%m

an or gani I NSuU sSucC as I mae acr

ani deg %Eﬁé‘ti b@ ih%@ﬂ‘l%% 43%5600%@ ebRene] SIS $2avi thy ihgsr’anplnlwelt@nhwmedn

pattern i 85bompedimente iPREicRANGOED ROLGESa O Egﬁcﬁgf&% ar PR Ul Cetthg 5 l:lrgns
vers

or draj.n relosfor d.in the respective Islan e ‘sem cond.
are formedd A@ oyt f3én wge.avhich pfrwemts éeithentlbordlmedoﬂmt spuietei ngasdlog

vacuum evapatRti@Bperates by polarity inversion. In addition, this 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 TF1's structuring each circuit are thus optimized 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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and source wrings and drain wirings 918 to 923, a pixel electrode 927, a
gate wiring 926, and a connection el ectrode 925 are forned. An active
matri x substrate having the pixel 5 portion with the pixel structure shown
in FIG 1 can thus be forned. Further, the active matrix |liquid crystal

di spl ay device shown in Enbodi mrent 2 can al so be manufactured using the
active matri x substrate of Enbodinment 7. The first n-channel TFT 951 of the
logic circuit portion 955 has a structure in which a GOLD region

overl apping the gate electrode is formed on the drain side. H gh electric
10 field regions generated in the vicinity of the drain region are relieved
by the GOLD region, hot carrier generation is prevented, and degradation of
the TFT can be pqrjevent ed. An n- channel TFT having this type of structure
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930, into which a p-type 20 inpurity element is added, are forned outside
a channel formng region 928. The TFTs structuring each circuit are thus
optim zed[EmbﬂéSIpﬁméié to the specification required by the pixel portion
and the driver;cj .cgi Logdnd the active matrix substrate shown in FIG 12
has a structurd WAT BRCOTIM LA RIXeh st clure diffeaent frore dhagistlewatin giGof is shown
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portion oveliapBPAgine otharitbonthectongd eapacitohischbstantidlly igenve] asthechdabe

el ectr odeginofiihsi if ormed. After successively adding an n-type or a p-type
36 inpurity el ement to the portion serving as gate el ectrode and activating

this portion, Inkkisfembtodiment, the storage capacitor is formed by a second semiconductor layer
1002 and a capacitor electrode 1005 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 and 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 diagonal.
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.  Specificatly, a portion overlapping the
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el ectrode is formed so as to overlap the gate electrode. At this point, a
contact between the gate electrode and the first electrode is formed not
by form ng a contact hole but nmerely by superposing the first el ectrode on
the gate el ectrode. Mireover, the source wiring is forned 5 simultaneously
with the first electrode. This allows the utilization of alum num or copper
having a | ow resistance as a material of the first electrode and the source
wiring. [Enbodinment 8] In this enbodinment, a pixel structure different
fromthat shown in FIG 1 is showmm to in FIG 13. A cross-sectional
structure thereof is shown in FIG 14, illustrating a cross section taken
along the Iine of A-A" and a cross-section taken along the line of GG.
Only the structure of a storage capacitor is different fromthat of
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electrode is first forned. After successively
15 [Embodiment 9]

Embodiment 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 wil] be explained below.

Base films and an amorphous semiconductor layer are formed to a thickness of 25 to
80 nmon a glass substrate in the same way as in Embodiment 1. An‘amorpheus 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
layer containing tne catalytic element. Examples of the catalytic element include nickel (Ni),
germanium (Ge), iron (Fe), palladium (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 spuitering or vacuum deposition so that the thickness of the tayer
of the catalytic element is 1 to 5 nm.
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adding an n-type or a p-type inpurity elenent to the portion serving as
gate electrode and activating this portion, the first electrode is forned
so as to overlap the gate electrode. At this point, a contact between the
gate electrode and the first electrode is forned not by 5 form ng a contact
hol e but nerely by superposing the first electrode on the gate el ectrode.
Mor eover, the source wiring and the capacitor wiring are forned
simultaneously with the first electrode. This allows the utilization of

al um num or copper having a low resistance as a material of the first

el ectrode and the source wiring. Furthernore, an n-type or p-type inpurity
el enment is added to the portion of the sem conductor |ayer overl apping the
10 capacitor wiring to increase a storage capacitor. According to this
embodi ment , t He tlaecdriystell atisi xeﬁmla&tzreatrﬁerﬁa@cchﬂul&ﬁz@%@%‘40@?’0 boe Caflotr E}i{‘)ﬂg
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| to 5 nfitablgclelernens foamy st @Mn&athwwbﬁo&pmmgtom r@ad ofetht nieans of ehasd ey

first at thé@gatg@né%?e%érﬂ is #89 Mhs using gettering effect of phosphorous (P).

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 getteriﬂg may be approximate to the impurity concentration
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 aresult, the catalytic element segregates in a concentration of 1 x 10" to
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.

N
h

This embodiment can be freely combined with one of the structure of Embodiments
1to 8.

[Embodiment 10]

In this embodiment, a pixel structure (IPS system) different from that of Embodiment
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1 hour and the hydrogen content of the anorphous silicon filmis lowered to
not greater than 5 aton®% Heat annealing is then conducted in a nitrogen
at nosphere at 550 to 600C for 1 to 8 hours inside a furnace annealing
oven. The crystalline sem conductor |ayer 5 conprising the crystalline
silicon filmcan be obtained in accordance with the above nentioned
process.. By formng the island sem conductor |ayers fromthe crystalline
sem conductor |ayers manufactured as above nmentioned, an active matriXx
substrate can be conpleted, simlarly to Enbodinent 1. However, in
crystallization process, if a catalytic elenent for pronoting i0 the
crystallization of silicon is used, a small anount (about 1 x 10" to 1 x
1019 atonms/cm ) of the catalytic elenent remains within the island

sem conduct wsHoaye1m§IG tbl &croﬁs SRULSE, struPRSSIHRER f{ Os oL &L 6 EFq B ﬂdtln@
such a state, but e erred to renove the remaining cat

el ement fromo%t S?Cé‘z%t‘a‘f E%H}?érmff&rf?nﬁqgar&deagﬂ@w se@iff@n@fkem@rrgaamlnefof H-

removing HMhis catalytic elenent is a nmeans using gettering effect of
phosphorous (P). 15 A getterl ng treatment with phosphorus (P) for this
purpose can be Thinemee anens phay ¢ arexeogily ofin dutivh enaact ligaticoysts teplexehaiened

in FIG <3 k h or-us necessary for getterin
may be ap;c)(;jrfoa%lh ﬁgggﬁg%ﬂ% S%km)é”ﬁ)gw&n aﬁg(grnetf?réﬂ(%ﬁsag?r ”f%alﬁ ﬁﬂ‘%“gﬁééﬁ%t?@g i on
n-i npur i tyThf’eIﬁSoSWStelfh@ maaracacmsaaj mrt@ato;i pided cRelrbyabhd®B c%hﬁ@or@aﬂnn@'&éwbzﬁqhe

catal ytic efromth hannel forgation region of the

n- channel @Bﬁﬁ% p?)’ 8?1%[?13&3[6'? 12t #e el eﬁ‘ﬂi’l‘frd@? 5 eRpisH I8 ohbanizfinggy
phosphor uglifeR)ion nmmsulc@mengm@dmmxeé\éf ﬁq&:@%k’}s‘ial rﬁd?@cu?%ta;i‘é ﬁﬁt?o ?eldEiH%@t
segregates in a c‘%r%cent {fa“%@ 1 x 10" to 1019 at ons

inpurity rEGTEH SURERDYRYY PALAICE nihecuriage r@ééheas%meedﬂ@mhmpneqﬂrhvaPﬁe
and haso hisghte@ralpial 4 ¥ RbiYg aldl€tehOlRreRedi gh field effect nmobility can be
obt ai ned, and ?xp)%el | ent char acteristics can be acconplished. 25 This

embodi ment can 16y det 4 lied spmireaduiton layee indenohel sy theatfarenef nuEndatli beént s
71 ;o O B, SR o L WALELLER 116
cr oss- sec®isoHaie winng burld 06 he gesf wirsigsinown07,reomfon ¥bringd bUtD8tNAA 109, a
connection electrode by 1110, and a pixel electrode by 1111. The pixel electrode 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 common wirings 1108 and 1109 are placed so as to
overlap the source wiring 1106, resulting 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 interlaver insulating film covering the source wiring 1106.

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

D
L

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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a cross section taken along the line of A-A° and a cross-section taken
along the line of H H . This enbodi nent shows an exanple of an active
matrix liquid crystal display device 5 of an IPS (In-Plane Sw tching)
system (also referred to as a horizontal electric field system. The IPS
systemis characteristic in that a pixel electrode and a cormon wiring are
both formed on one of a pair of substrates and that an electric field is
applied in a horizontal direction. As a result, the |ongitudinal axes of
liquid crystal nolecules are controlled to be oriented substantially
parallel to the surface of the substrate. The utilization of the IPS to
systemallows a viewing angle to be increased. In FIG 15, a first

sem condugt, layern. . : by the reference nuneral 1101, cond

seni condu%}t\gg lllgg’e{heb]?/js‘ﬁggé ?gmf(iy@r"g{méltg%ts?c@d’@ BYIAEH 04 %ﬁéo]n@%efl%‘&t”ffode
by 1105, seosdeteceode i Dy sttOf elactgaied 105 id degcthyalhiQfne@ M Rifgs by
1108 and 1 (%39? 2 connec&k on el ectrode by 1110, and a pi xel electirode by
1111. TheChiKIaFRER ¥ Bl Y T §AYE" sl PRI H BB RIS IMP#TIAGS PLYOS Candicliyo9 iar e
pl aced soaddwaftoane ed@elistiddn@leloPaial L g2 t0 the surface of the substrate
is generated. The common wirings 1188 and 1109 are placed so as to overlap-

the sodrce wirihgPEEOBLGaE I thIAgmbRdimen soe heabtadfedithethasemt mraufatirmgpf
the pixel ;;ROELAQRat AS ' - e fi t 04. the
second el %rctrodes 1%5 %ﬁ%@%eehp%5}@&&%%33%}#%%& %%bggeerﬁgg%%oéﬁggﬁg‘y
formed on the Afsutat§talg shpwmicdUESi i «hbd 6fdre sbtaiseind C osigdg dnesodiayer 1,101

and the s 1,60 or. .|l ayer 02. Th i,xel. el ectrod 11 t he
connect i oﬁ@pgﬁ ?@ggs%i%%ﬁ’mteﬁsé%gwsééi ﬁ]e@etﬁgge}esgﬁae% Wgé’BB?r‘ﬁB"ﬁ"\‘M%rlT%%gaPlOQ
are si mibdrareopsiels if irieleldd font light bpteing ayelor Finstdratided of ke BcuaWe Kiihgr atche
sour ci wiring 1106. The f.i 1rElst edl,ectrode 1104 is electrically connected to
the gafe Wit THyaL FHRRemTdn Amtadiment | Hepeviesinapihedbe sy spmi ingmpheyei i &t

sem condugicessahayeditel b8 bricHneoh Ra A1t anddM L1ikel ect rode. Al though the
obl ong- shaped pi xel electrode is shown in this enbodi nent, the pixel

el ectrode and a common el ectrode may have a V-shaped el ectrode structure to
further [im%(ﬁﬁ,%@nglmi ew ng angle. The storage capacitor is forned by the
4

second sem conduct or . .
In this embodiment, a pixel structure of the IPS system different from that of

15 Embodiment 10 is shown in FIG. 17. A cross-sectional structure thereof is shown in FIG.
18, illustrating a cross section taken along the line J-J’ and a cross-section taken along the
line K-K'. Only 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



| aver 1102, the insulating filmcovering the second sem conductor | ayer
1102, and the second electrode 1105. The second el ectrode 1105 is

el ectrically connected to a gate wiring of the adjacent pixel. Moreover,
an inpurity elenment for inparting a p-type conductivity is added to the
second sem conductor |ayer 1102. 5 The pixel structure of this enbodi nent
can be obtained by the sane manufacturing process as that of Enbodi nent 1
with the change in the mask pattern of Enbodinment 1. After the state shown
in FIGS. 15 and 16 are obtai ned by using Enbodinent 1, a liquid crystal

di spl ay device is obtained by the nethod described in Enbodi nrent 2. The gap
bet ween pixels is shielded fromlight by using a color filter provided on
the counter substrate to in a simlar manner as in Enbodi nent 2. However,

si nce theiaghStrswmzennmasesmj@yl@@ bleldSrodBes { n,prientation
treatnment and the.li éignbodl rr%lr):t ellc] rOI n tl%pﬁ‘a 2% oﬁjtﬂutreelra“g NPore?ver%
structure BPT%“’IIW%}% ﬁi"allf')-pgraéﬁnp FeGEP thde outrlap BeEnbocti Wﬁnrﬁo 1006 $o

shown in FhErovkan a‘beﬁthﬂesl%n%eéﬁtthfg &Jh‘dﬁture t hereof is shown |n FIG 18,
illustrating a cross section the line J-J' and a cross-section

taken al ong t hés shpya iKFKG, 1Saﬁlllfyfltshéesmmdmlﬁfﬂﬁe{hefse(a}n{dl@{@dtro@EQODB Qfes@frcd i s
enbodi nent,, d rent of Epbodi ment 10, and the structure

ot her than I{Iﬁ% !l?(iégla?gl Sé%]t ro é&%sy JORTL AR 49 y“%“i%lm& rc}é{{“ CRremng HAe fofst
Enbodi n‘enﬁeIII%@OHQ@CtDnIdf?hGl2(117amﬁtHel sresbn(‘ﬁ@d?‘l(l:lsgr?ﬂﬁégdrg? érqy@holﬁoggogg af fy, the

f d d )
o ect r ode SR 180Gt 125 BEeiis Bireny  Ghil, commantitces be09. ngd by: 2208] a
gate wiri c@ur&ytxdﬂ@fﬁctrcmﬂ 3whi |199§a1@%1rﬁ@%e§ur§q’y %g%%d oﬁdﬁé ﬁ?e&lag%rggpqutgnlgon
i

el ectrode prx % pi xel electrode by 1211, and second conne
el ect r odel SQVTﬁgZI S3QUACS P8ringn208i xel el ect r ode 1211 and the common

wirings 1208 angk ﬁx?&%lé’dﬂ%d@@2@4%9@%?8%51@@&0@@?&5 %ttﬂ ép%éﬂg&gﬁé@ lfgl@ha an

the surface of the substrate I's generate

el ectri cd?qryoﬁéﬁﬂlﬁcfﬂfsvéeqﬂmdﬂ ey qwﬂhmplhgﬂmrfzrtsmm;cdmfpchﬁwwagImi fuglhtions
transm ttance,k Sjdfd.. An additional mask is provided for patterning of the
electrically conductl ve filmhaving a light transmttance, so that second

connection el eblthond ibveblcmgsshapmppﬂekellectedc&dt siaclen {rotha diaveBhREE khCikel
connect i %nectf%raeqlﬁ(f E'd%% lern &egt(r:cgdevne}a}t f]ave a kapedae ec%rlode 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 adjacent
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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light transmttance is used as the pixel electrode to inprove an aperture
rati o. Moreover, the conmmon wirings 1208 and 1209 are placed so as to
overlap the source wiring 1206 to inprove an aperture ratio of the pixel
portion. As shown in FIG 18, the first electrode 1204, the second

el ectrode 1205, the source 5 wiring 1206 are sinultaneously fornmed on the
insulating filmcovering the first sem conductor |ayer 1201 and the second
sem conductor |ayer 1202. Moreover, the first connection el ectrode 1210,
the gate wiring 1207, the conmmon wiring 1209, and the second connection
el ectrodes 1213 and 1212 are simultaneously forned on the interlayer
insulating filmcovering the source wiring 1206. 10 The first el ectrode
1204 is electrically connected to the gate wiring 1207, and a portion of

the first eI ectln ddecmmaﬂimmeralcamisragn@dyestfn;d@te T GO %%%E@%?rlxgbf%fég%%de

functi ons, f%é"%%ﬁ el ectr f(gou h_t he obl ong-s
is shown it @ﬁ?tn]e‘ﬁts O‘E’”Hé“ (@plgchG Bensture of 2 awdage @oraitor of this
el ect rode errmodlnam ied ifesdhapesh ﬂbﬁﬁtmﬁgﬁjﬁ'feﬁp?él‘lg%é ru L B{%rrm]a% t}'&e“ hagge @

Vi ewi ng ang The st or agfe capacitor is forne e SECOI’I sem
| ayer 12052PFHET 1§ HEHRRKA h(gdfffiflqiﬁ ‘ddhéh&l@QEﬁhﬁ@dse@Urid Benoagndustsdesibayed

1202 angd %PQh@%@H‘I@f&L Fals %%I(Pl%se J¥enB8 1911%%t gé?ﬁ%’éﬁgg t%ﬁ'&?éﬁom%?%‘é&’ér

el ectrical yconnecte e gate W fring o
an i npur i tynkgdsment L.f or |rrpart|ng a p-type conductivity is added to the 20

second ser condieh Ul ANSLI 2981 THuRlASL. SLUMLITE of LA erbod ment can

be obtained in thé sane rmanu

the mask ﬁdﬂqvelmg tiod m&nﬁedﬂumgtpr(bcewotm@g@ﬂaen&\ﬁt@fadmﬁoﬁz%ﬁk%bgmldéa ik GS.
15 and 165é1§ tvee i;ned by usi nﬁ Errbodl ment, 1, a ljiquid crystal
devi ce is obtain %m%scf BORET r&E‘é’é’Fl”Ef‘e’é?“irﬁyE’n*Bé‘dﬁHﬁ&fﬂfﬂ 151’?‘he4~5geagysu125f

bet wean pieledts el acﬁzhbgebﬁlqmeﬁ%%ﬂ ﬂn'sxﬁ!'ﬁ?m Yilks | 5 %aﬁ@lcﬂ”zﬁ{ 'of%‘éﬁc Pés?ﬁ“anghgn a

count er SUbSEl rate | odi ment wever, since systemis
enpl oyed IMASHHES “bSHf%‘BEr?Hﬁ’t 157 grejsg 3ché¢ié§%far Pewb aapicer elactrodd bmzam fonmed
treat ment (hapghnt he i ke. [ Enbodi nent 12] 42
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 freety combined with any one of Embodiments 1 to 9.

[Embodiment 13}
The CMOS circuit and the pixel portion in accordance with the presentinvention can
25 be used for various electro-optical devices (the active matrix type liquid crystal display
device and the active matrix type EC display device). Therefore the present invention can
be applied to all those electronic appliances in which such electro-optical devices are
included in the display portion.

The following can be given as such electronic appliances : a video camera, a digital
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In this enbodi ment, a cross-sectional structure of a storage capacitor,
different from that of Enbodinent 1 is shown in FIG 19. Only the
structure of a storage capacitor of this enbodinment is different fromthat
of Enbodi ment 1, and the structure other than the storage capacitor is
substantially identical with that of Enbodi nent 1. The conponents
designated 5 by the sane reference nunerals as those of Enbodi nent 1
correspond to the conmponents of Enbodinment 1. First, after the state where
the interlayer insulating film157 is forned is obtained follow ng the
manuf acturi ng process of Enbodi nent 1, an additional mask is provided for
sel ective etching so as to partially renove the interlayer insulating film
157. As a (rggsglt of 10 s(el ective etching, an interlayer insulating film
1300 nmade G6f™MaH: dpgardter (resitypeandronhgpe). Bherd- o haring film 157 are
P Pobo T30 o p SR Bles b oifn

sel ectively Jeft. . , i xel electrode 1302 is
Enbodi nent 1‘%3?&’%5%%%%&3’%5 adi P50 fo PRRsRN A yconipe te e ARG @nShebe idfblition

i ncl udi ng tohiminahgsuchtay amegii RS t apacitor electrode 1301,
usi ng the H {h%;ﬁw iﬁggimili ng iﬁaﬁ%&%@éﬁgﬁgﬁ?ﬁwﬁr ai“r%li"t%%* |Eexamples
Addi tional I'y, '?16?%%?”?’[‘8%&@@ #{hpac@nd@?. is formed by the capacitor
el ectrode 1301 BIE Z0re;ispi 02, ,using the interl ayer
insulating film gz as,lsgy @fé‘?@c?@#@ﬂgﬁﬁ%&%ml@%ﬁ TaRRIYFBI0 i mimagenigpan
n-type or %Ofﬁpf’;?é > £ OBk PP any2008, ardtiiede too atd B4R Tty fr@sgbpmeg@n Lo

156, as inbd BepiMXel (HF T, N uch.a cture, the amount of the's oragge
capaci t or Qang%e furgﬁe}m?%{iﬁgzggglor?gb%i%eéjd%@i reftonc 20 berfatbel yriver

conbi ned ViiWit&ny one of Enbodinents 1 to 9. [Enbodi ment 13] The CMOS

circuit and the:;pj port.ion in accordance with the present invention can
25 be used for v?r' i)égﬂaééoaeYle%cf?%Q%B’tai“gétl‘“a§9¢503é§31@tbﬁéya&:&il,\aelisma)r;bombygeoz,

li qui d1®r ot audidiisphaportidevh 108, andrdfg ackd ri e di spl ay.
device). There; grﬁ t he 1R)resent i&jr?srentj on gé}%@ Zggﬁa%g?aﬁgeéﬁ/ lzgggll iimfﬁasl@age
el ectroni ¢ appl PanCEd ¢ WFCW%U@W%]W@W@Q;qutﬁeeapli@femit!mce&s@&?poh%'ﬂi@?d
in the di splodherpoeivkt emcuitkhe fol l ow ng can be given as such el ectronic

appl i ances : aFY&'.}deo canera, a digital 43
. 20C is a mobile computer, and it includes a main body 2201, a camera portion

2202, an image receiving portion 2203, operation switches 2204, and a display portion 2205.
15 T-he present invention 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 speaker portion 2403, a recording medium 2404, and operation
switches 2405, 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

44



canera, a projector (rear type or front type), a head-nounted display (a
goggl e type display), a car navigation system a car stereo, a persona
conputer, and a portable information term nal (such as a nobile conputer

a portable tel ephone or an el ectronic book). Exanples of these are shown
in FIG. 20, 21 and 22. s FIG 20A is a personal conputer, and it includes
a main body 2001, an inmage input portion 2002, a display portion 2003, and
a keyboard 2004, etc. The present invention can be applied to the inmage

i nput portion 2002, the display portion 2003 or other driver circuits.

FIG 20B is a video canera, and it includes a main body 2101, a display
portion 2102, in an audio input portion 2103, operation switches 2104, a
battery Z&OZ’hand‘a ”naggb recei ving portion 2106, etc. The present

i nvent i on\'€an %%nébgpiéﬂj? et el i pteay Ipysrtioerpa0epplis totinedispliai yertion
circuits. 250Gor @B6r diSved hmeRird e conmputer, and it includes a main body 2201

a canera portion 2202, an inage receiving portion 2203, operation swtches
2204, and a di®{i-alApbra frent pReProjed®r Wiechpemspridesi ndespldyote can26® : appld ed

S part o B et Ot A 13 PP i R e A disfesciSisa
mai n bddyc@BOUPL @nsipgriain afabk dispB02evicet®8d of iovat idpve band,i2303, a di spl ay

portion 2304, j.cal system 2305 apd, t he dj splay device 2306, etc. The
B0, A8 L fe&bﬁi?eea@f’fé%%R&Chéﬁomﬁ?w @et bed22061; FoGplQoE

present invention can be
i's a playdviedRit02usesinar Co00T AhdNGscRRAI LM 1 in AR RO REY e hEARK]EY
(hereaftqlr r.gferé?g. to %s. a rggordl ng medium, and the player | udes "a
mai n body B4DTYSRI digpleydaice s8PE Fempnaing onapertieaké thesbsnli ode\3d03702%0r other
recor di ngirivedlictionigd04, and operation swi tches 2405, etc. Note that this

pl ayer_uses aPr CiL‘gl ng, medi um such as a DVD (digital 25 versatile disk) or
a D, '%nd the aﬁp ISt dingramrw high s ws drecxappiecfithe storctak of iHendisggaydevideayi ng
and the Imberqnet r iqr, sent,. inyention can appl.i to
t he display portzig% %%gﬁbrﬁ&nﬁgé %%e'vgag%ic’?cz&et ?’pqﬁ' (ﬁ{%vfﬁﬁ?@ éggi%ﬁgal
canera, &RBANSCY: polopdesl lightadurchopyer? 3801 ; mirdirs PREY aDPRODOR 22502 dicdhoic

Sg?ﬂ gﬁe BBk ..'295'3;2(1%9%171 20, Q'iiiqg{(‘j csr}l\éitgl%?s%?ayzd%(x)r%e E%Bg; by ghaisgggf?erregt?zﬁiin\g prl]f?te
2809; and a projection optical system 2810. The projection optical system 2810 comprises

15 aplurality of optical lenses having a projection lens. Though the present embodiment shows
anexanﬁﬂeoquﬂamtypmthsisnouolhnﬂtoﬂﬁsexanuﬂeandashuyephnetypenmybe
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 FHG.21DisacﬁagnunshoudnganexanuﬂeofasnucnneoftheOpﬁcalthtsoumm
system 2801 of F'iG. 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

25 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.

45



44 (not shown in the figure), etc. The present invention can be applied to
the display portion 2502 or other driver circuits. FIG 21Ais a front
type projector which conprises: a display device 2601; and a screen 2602.
The present invention can be applied to the liquid crystal display device
2808 5 consisting one portion of the display device 2601 or other driver
circuits. FIG 21B is a rear type projector which conprises: a main body
2701; a display device 2702; a mrror 2703; and a screen 2704. The present
invention can be applied to a liquid crystal display deice 2808 conpri sing
one portion of the display device 2702 or other driver circuits. 10 FIG
21C is a diagram whi ch shows an exanple of the structure of the display

devices 2601 apd. 27R20f J and 21B. Each of the display device
2601 and 2702 conpr | s]és:pg‘lﬁ%%ttié%@?o”lei‘a ltCEsC(?ﬁlrpé’éess)Psf”éfﬁ badn 2901 .resy sudg02

and 2804 ©8!P28D8rtI0g 2308 mmoiudio mpor mrti@80Rn3, adRbia BoR8d300%, bhauigh &1 c%te?l
i e and a ctton

di spl ay dew : ifferentiating. pla 2809; proje
opti cal s?g?se:’%nggg%?t%ﬁgagﬁgjeg%tfwrﬁﬁﬁ PAPIEQstaEmc28phcE brpe ks esdid Bugu

pl uralitypoftioop2?@lanl aniesnpavpdigon 1008] esd L ns,. .Tho t he present
embodi neng; shows an exanpl e of¢3-plate {ype, t H%’?EHH%%E%%$PfﬁP%rt Mhi s
exanpl &€ and a“single plate type may be used for instance. Further, an

operat or nmay apl.gRB at i i ng, a film which has a
function ol ari.ze | i%%ﬂéegl?%eﬁiugﬁwab&%&%@lc} BIREEi ¢ F’éf{bq’ﬁ‘g“ Hd- an

0 p
IR film éléPléYiPr?“f% wel 3088 b retrodingbyedinmaB00aoperafibGswathes ZY5FLG
21D i s a g ageam ! le of a structure of the optical |ight
source system 2801 (,‘)?’Q%Tg@pg%g}m%e qlr%’ Cﬁ?égéﬁ’ﬂheéjrfﬁé[?ﬁW@Ypﬁ’éloﬁéﬁﬁ@ pnd
li ght sout¥B &yabemd280Tirconpri ses: a reflector 2811; a |ight source 2812;

| ens rays 2 . 4: a pol arizer. conversion el ement 2815; and a
condeﬁ(ger I engﬂi%?gé lﬁlg'gjésp{aﬁ/a hlfﬁéo?iﬁflﬁ"éa? majigidysH i cesupppststandsHdRnandh

FIG 21D4 displyetoytian 3a0amte BROENS HeHEbA L bS aggf'e(h TR0y Ll 25
exanpl e. I, st ance, an operator. may appropriate I Spose an optic
le. o met%sl an t felyd Pred
lens, a f10m whiccHSPIREOL! £ UHEISNOAN Y BIties | iarddyenthgehts, foar # ildrpe whicchrady st s
a phase diaff@ienasd angivantdoBodid fdM d; |, 86L.0%,.Sh in FLG a2l
uses a transmi ssion type elgeclf] ro- é‘ptl?ﬁ%%’ e%re%lmg&exo%%gier than" ffThches ESP@C”ﬁ}F
equal to or greater than 30 inches) in the diagonal.

13 The applicable range of the present invention is thus extremely wide, and it is ~
possible to apply the present invention to electronic appliances in all 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 first etching 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 times 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 illustrating enlarged
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the application exanple to a reflection type electro-optical device is not
illustrated. 45 FIG 22A is a portable tel ephone which conprises: a main
body 2901, an audio output portion 2902, an audi o input portion 2903, a
di splay portion 2904, operation switches 2905, and an antenna 2906, etc.
The present invention can be applied to the an audi o output portion 2902,
an audi o i nput portion 2903, and a display portion 2904 or other driver 5
circuits. FIG 22B is a portable book (el ectronic book) which conprises: a
mai n body 3001, display portions 3002 and 3003, a recordi ng medi um 3004,
operation sw tches 3005, and an antenna 3006, etc. The present invention
can be applied to the display portions 3002 and 3003 or other driver
circuits. 10 FIG 22C is a display which conprises: a nmain body 3101, a
support stanags-gro2nalantkwsaodi aviePQRL 19N:3103; The present invention
can be appliged.to the d[sglgg&gLrLLon §?0?§ gﬁ%“@%ééﬁﬁ% %#%t€%§“ﬁpé§énﬁm
invention 18 advam'ageoess r%mpaﬂ@eaémzeﬁhnae@ashhmnmamkhﬁmg@ﬁyngnﬁ“j$
advant agedlssA fop4B. di spl ay equal to or greater than 10 inches (especially
equal to or greater  than 30 inches) in the diagonal. 15 The applicable
range of the préskAelewingribe manifctuning peodeseste b i fen: AR §t£teis§ow1‘?§ﬁ§1i(?| €
i I'T fields. ™

to apply theisuessad jik -1.an, tao egt.roni c pliancesin a

Further, t he el egfﬁr o,rtlirlgéﬁg%%??gﬁéggtk%ﬁn?}meés pérsrskctricalylsendeaivie £ tby

usi ng a coilitedd Oﬁlc’@lfdthﬂ&)icmmmﬁéie@@n@é]eﬁﬁ@gw %@P%ti‘.‘f% £ e @éo 400
or ng

[ Embodi ment, 1 t ) the first etching treatnent orm

el ectri calrrl y gﬁoﬁ%g&%wWQVtheog”“F trgGaH¥ ccoadhegivy e flne ondacddraM davinghae
condi t i onthiblgress tfie3CeneimD tHeSsde8kd @l’c’éﬁ'ﬂ: AR di_nent he et chi ng
t r eat ment thr}r@/ be Fﬁz{)jor med for a plurali tﬁ@?%?ﬂ?%@%‘g”@@“ Aia oOfler FERE thie

t hi ckness of tha® P&t fidaminatadt (i beairnfgrabdeuc e chagsi el kheaSrst BlebARLQVE

t he 250uncdrmatuntity fioh fobassh 1 i odi ment, an exanpl e where the
first etching treatnent Si sﬁggﬁlauhg%}égéa?\fm%gach‘ formthe electrically

cond?ctkééiIay@i;%ﬁ1Pﬁ%;;@&%ﬁO%mémﬁthx?emfebgedeﬁgﬁ%ggﬁﬁgh_quﬁnggﬁ? qpez

are for rednRidthen 181 ate e rode, an D regi ons are formne

on either side of@%ﬁe cha%tﬁé? w%m*%%cﬁéﬁ%ﬁﬁlyﬁotnﬁBCtb‘fee&l@hi4@%\Dérﬁ}n€i fowst
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 10 TaN, the state shown in F1G. 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 I: Etching rates (E.R) of W and N and tapered angle of W
20
_ !
ICP | Bias | Pressure | CF, C, 10, 1 W TaN WiTaN W
ER. O E.R. & selection ratio taper angle
0:3

No. (W] | [W) [Pa) [SCCM] | [nmimin) [ﬁnﬂmin] {deg]

1500 | 20 1.0 306 |30 0 58.97 66.43 0.889 80

2 ] 500 ;i 60 1.0 30 130 | o 88.71 118.46 0.750 25

2

5 Ls 500 | 100 1.0 30 |3 ¢ 0 111.66 168.03 0.667 18
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this enbodi ment wll
illustrating enlarged 46 cross-sectional
manuf act uri ng process,

vicinity of the gate electrode in the

be described with reference to FIGS. 24A to 24D
views of only one side of the
For

sinplicity, a base filmand a substrate are not shown in FIGS. 24A to 24D.
First, follow ng the manufacturing process of Enbodiment 1, the state shown
in FIG 5 2A is obtained. It is sufficient to set the thickness of the
first electrically conductive filmto be 20 to 100 nm and the thickness of
the second electrically conductive filmto be 100 to 400 nm In this

enbodi nent, the first. electrically conductive filmnmade of TaN having the
thickness of 30 nm and the second electrically conductive film made of W
havi ng t he th_ickness of 370 nm arg tam nated; —TaN-i-s—preferabl e-as—a
mat eri al |[of th&Cfjr8t |elektri&allzy | 10| conducti wessf il mfonoits] extgemelly
hi gh heat-registance _Next, ja mask 1140%a of al first [shape madej of a resi st
is formed. s Thep, letghi nglds %Q? F f orimed bé an | CP nmethod to forfma second
el ectri calfy conductiye film 43&%1 of® { h&'F% rst 3 &8hdpe. 4428 a riesul 5 of
usi ng a mxel gas of —CFa,—&2—apd—8,—as—an—etching.gas having hi_gh
sel ective ¢atisoow tdo fesypect ;tso TaN ot heps;gh@t e ghown i n kL 24A cgn be
obtai ned{ _Table 1 15 shows the el gtionh between varijous etchl ng condi tijons
and the etch ngorate pf t he[secpnd electrical ty cgnductive Hayer—(W-j t he
etching fatel of? {hE% | rst0 el ot f Peal 10y | cAducht i 8021 dyer 2.4¢TaN)|,  oret he
t aper ed angre—ef—+the—secondlelectrilcally conductive |layer (W.| Table 1:
Et chi g rat ep sfE|Rogof Weand LN jand [t aper gI f W 20.1CP Bias Pregsure
CF4 O, i 0.]WTaN W[aN WE. R zi 23R %gz ar dior ra€1‘¥5‘taper aigl e | No.
(W [W [Pal]TsS [nrrvm nT fnrnfmnf—fdey +50—26—1-0-36-30-0-58-{97
66. 43 0.,.869 B6% 2 0O 60.01. 0230 30|0088.23412118.14670. 75013&) 25 3 500 100 1.0
30 30 0 |111.66 .168. 03, 0. 66718 | 47!4 500 20 1.0 25 25 10 124.62 20.67 §.049
70 10 | s00 | 20 10 |20 |220]20]| — 14.83 — —

11 | 500 | 60 1.0 20 {20 | 20 | 193.02 14.23 13.695 37

12 | 500 | 100 1.0 20 120 | 20 | 23527 21.81 10.836 29

10 13 | 500 | 150 1.0 20 | 20 1 20 | 27674 38.61 7.219 26
14 | 500 { 200 1.0 20 | 20 | 20 | 290.10 45.30 6.422 24
15 | 500 | 250 1.0 20 1 20 | 20 | 30034 50.25 6.091 22

(*) The mark —
change in quality of the surface of W during etching.

in the cells indicates that the measurement was impossible due to

15
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 a1) formed between the horizontal plane and the side face
20 of the second electrically conductive tayer (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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5 500 60 1.0 25 25 10 161.72 35.81 4.528 35 6 500 100 1.0 25 25 10 176.90
56.32 3.008 32 7 500 150 1.0 25 25 10 200.39 80.32 2.495 26 5 8 500 200
1.0 25 25 10 218.20 102.87 2.124 22 9 500 250 1.0 25 25 10 232,12 124.97
1.860 19 10 500 20 1.0 20 20 20 ~-(') 14.83 11 500 60 1.0 20 20 20 193.02
14.23 13.695 37 12 500 100 1.0 20 20 20 235.27 21.81 10.856 29 10 13 500
150 1.0 20 20 20 276.74 38.61 7.219 26 14 500 200 1.0 20 20 20 290.10 45. 30
6.422 24 15 500 250 1.0 20 20 20 300.34 50.25 6.091 22 (*) The mark - in
the cells indicates that the neasurenent was inpossible due to change in
quality of the surface of Wduring etching. 15 The term "tapered angle" in
the specification indicates an angle fornmed between the horizontal plane
and the side face of the material |ayer as shown in the upper right part of

FI G 24A TaHe langleect(liiaperrednanpt e rifier n@db alfeween. orizontal plane
Egﬁe?)ect I’yl cal ‘ ﬁd%c%}ﬁvlg | ayer (W can

and the side f 0 .of the secon
be freely set I%Z‘ﬁﬁeéﬁ%@ SAUCORSUgeg A aies is Rposast %IY Hy tefaetder stmenthi®y an

condi t i onntlatif @Fil@BNRIR, a@DL itk clhBiG 15 in 48 Table
1. The etchi n%tl rre%a ;a pprloprel atle 9?2{@@‘@‘%%]%&&%nt ers. In FIG
24A, a semico %t%Fhllnﬁy%?mdﬁfi‘@éN@ﬂ@dhbywoné etabfrey @mciétionuwih alle hadkl40mn

i nsul at i rlﬂ:ﬂg kéﬂ Ry 1t1§qg 'fo qhéiflrétrﬂéctﬁtﬁ?t { Irgcfghy%gaygbﬂg VEHL%N: Fﬁb%ﬁéélgg'sk

Next, etching is con ucte under 't second”
1405a 5 Ipvesiimgyetching wsier theisscar! drdring thedifibn she Qis@ﬁzttlTanfﬁH YA(R0R dUG e MR d

B e P R L M ot N
resul ti ngnibvdamennauhiatd ggs 6f O/ 14028 iofis¢cdhg 44 ét@l‘imé@%@%r 1 sbBIR etching
condition. As the second etching condition, for example, any one of the conditions 1
10 through 3 in Table 1 may be used. As described above, by conducting the first etching
treatment under the conditions where the etching is performed twice, the thickness of the

insulating film 1402 can be prevented from being reduced.

Next, a first doping treatment is conducted. An impurity element for imparting one
conductivity to the semiconductor, phosphorus for imparting an np-type conductivity in this

15 embodiment, is added to the semiconductor layer 1401 by an ion doping method, using the -
first electrically conductive layer 1403a of the first shape and the second electrically
conductive 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

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 tregtment 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
gasof CF,, Cl, and O, is used as an etching gas. As these etching conditions, any one of the
conditions 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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enbodi nent, a m xed gas of CF4 and Cl2 is used as an etching gas for the
second etchlng condition. As the second etching condition, for exanple,
any one of the conditions 1 10 through 3 in Table 1 may be used. As
descri bed above, by conducting the first etching treatnment under the
conditions where the etching is perfornmed tw ce, the thickness of the
insulating film 1402 can be prevented from being reduced. Next, a first
doping treatnent is conducted. An inpurity elenment for inparting one
conductivity to the sem conductor, phosphorus for inparting an n-type
conductivity in this 15 enbodinent, is added to the sem conductor | ayer
1401 by an ion doping nethod, using the first electrically conductive

| ayer 140 - L and seco 1d el ectrical conductive

| ayer 14oi{grr§§tlérﬂ@f%| rg 1§ ape aS§C%E§§‘P%FaI st elgggyicalhy @W@t\/ﬂgth higes B

eIectr|caHh@S@mndubmmueséayﬂmci%&ﬁ@y@%n@@ﬁn%ﬂiﬁ%15@@98f%§sé&§% g%?@%gd

certain dqg{]zﬁ %h’aq % chi ng under the second etching con i‘on

FIG 24B ap [?:PF iReaeF3pdzdapdnduct i ve | ayer 1404a is shown as

havi ng the samThshageidagedthadl] cause the ampunt of
Next gtseco}f\%%g?%twl%rllgyﬁgs}{%%ﬁguc%g L PhE HRA R A a

etching is sgai
bei ng Ief #"8% ¢ gfeét@crdh%)‘bf%‘ﬁpefﬁﬁénglﬁaﬂeWthmtherant GecRié@lly bondiite layer

enbodi mentj403f te cond, etc treat ment under
the first et chi ngeggﬁ&ﬂwahﬂaﬁ@?g}f%h&%% Sglgﬁ%%‘?er?ﬂ:a“géﬁﬁ gﬁso indb¢, Wshladigg as
t

an et chi n§ligad0?2 Oéﬁhm@eqosd@bmuenmrwm%ﬂe ¥ hepstienndorgieghi ng condi tion
an etching gas. As these

where a m xed sed
etching conditi ong aﬂgrr@ﬁ]ﬁ)})’ﬁgp {het WQSR %@ﬁgﬁi%e&ﬂ% g?P“F&HF@m@UmﬁObéUQ]S@@I%d

t he etchi A§DD.i The mymbeiopp@rtmltmaftt?)'ebfoﬁrﬁ& the/ﬂo‘ﬁ'lr%tﬁacgﬁcﬁ'ﬁfahoﬂﬁ WBEhan that
\éfrs in the | ongitudinal direction the cﬁannel

el ectr caM YnCARJUCLI

can be freely s Olﬁ’yngsérfz%t Ghg 1 HEs embedige o aipIphens fphen*@edmgjalemedvpng
treat nentccaidamvw ty fead it th R sha

first electri kjy E%)nducttl ve Ié%hr@%%géﬁﬁzléﬁﬁgggg%noﬁoaﬁgg %gh CP E%dﬁa

el ectri caffelci?nﬁé? &i}&ﬁal leopdydivelamay 464b phihesecamntstspape a naan;d an insulating

film 1402b of AbgrsSERAR ectrically uctiv ayer
1404b of afIhe seco%d shag]e% %@ﬁsdognfge{%%ﬁg%q @puﬁﬁ?'éegé%sglr‘;@ifiglm‘t‘% dlﬁé”'e
t apered afgP&daf ghe spenitpndcieliaet mmalpbmgcmniu@ﬁd Mectkiayef conthgbe of

|t EgufgfIOEgyéﬁﬁﬂ@wfcﬂﬁﬂ@h@ﬂusgﬁmg[ﬁm%ngfgae flrsteffl Y ly co éfgctﬁv'e lzﬁ/le??hérgbettggen -

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
Mmanner,

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

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

region 1401c overlapping the first electrically conductive 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 B, resulting in change in the

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

25 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,

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



film 1402b of the second shape, a tapered angle y is partially forned.

Next, after renoval of the nmask 1405b, a second doping treatnent is
conducted (FIG 24D). The second doping treatnment perforns the doping at a
concentration |lower than that 10 of the first doping treatnment. In this
enbodi nent, phosphorus for inparting an n-type conductivity is added to the
sem conduct or | ayer 1401 by an ion doping nethod, using the second

el ectrically conductive |ayer 1404b of the second shape as a mask. As a
result of the second doping treatnment, inpurity regions 1401a through 1401c
are forned. A portion of the sem conductor |ayer overlapping the second
electrically conductive 15 |ayer sandwi ching the insulating filmand the
first electrically conductive | ayer therebetween serves as a channel

f or mat i on seegiooduct8t 14y@HIBpN SR ; ol PHE egi.ops 1401a t.hrough
1401c are farmed on Hg?h s?desef f?ﬂ%”ﬁhaﬁ gﬁﬂé%ﬁﬁ%y?%ﬁg$§§%gﬁwgﬁt}Ckmﬁg
symet ri c&f DETARSFES POrtien e inmoipe siie fatreofitht ciperedtdng ¢ ioe knes spefedtfRtions,

mat eri al k@&y@fn & N . i.conduct or | ayer becones, the

shal | ower ionsgggicyhp aﬁ%gﬁéEQ@%Qr Pﬁgg§f%fH@H“HHUF%%thH@gp%ﬁdﬁﬁbf@the
over | appi AgPtRBARGPEIayel. eBiterinpakity regamdli@bykatldaye hosAREWh 6hY g LRE;
insulagingon&k%gbqgg&egg%ﬁeﬁn that is,.the third inpurity region (Cffgy
region), is affected by the gP%b%?ﬁﬁ”%@FFiHﬁmhﬁﬁﬁﬁﬁ Prelmydy fragienot 4 ve
tapered ahireoysr, tresufidthngf ibe iapange rédiod 18016 GRIROI AL R luifliod TRYLL LY
el ement t gﬁwﬁgggﬂ)to tEe Eﬁgkcon uctor layer. The 25 concentration of the
inpurity decrea 4% SRR RS E Do S 1omel 498 £.c1iingreniay thanitivg o dsempuaing

t he concerdgiat i40tcof the inpurity increases as the thickness of the

material |ayer..decreases. Simlarly, the inpurity region 1401b, that is,
t he second | rrpElF‘? {PYIRYi s810pL 0 1pediabis) the Ersafimputindreljont tentiink akressriof
t he insul @ein@gt fddeAhyv K0 hape resulting in chan in the
concentration of teheyi rrp%:éim'?(zld(tj g%?erg%&?%t %’ea%@&lt&oé}jtott e{%ur%gﬁp%?ﬁtég or
| ayer. Spegifiistaloping tieatniempurds v resgit,othel #fdiritysreafdnect@rh Bycdhes thigkness
of the taRgy i in he si.de face of the tapered angle y or ~ot her
t aper ed por tci%gﬁzgg{nt ¥ sdp?lyér%grl] %10 @ﬁg Ged H3THES ESAHNEAE ¢ df4IBRCEPNt he i npurity
el enent to be z‘éﬁ@edut@smhestepgmﬁ@@@ﬁl&tﬁtt@ﬁnF@Y@fess JNEmbBMEdrk Y sBSﬂmﬁ'F%plb
as a

that doe [ the first electrical 5 conductive |ayer
hi gher c?r?ggéﬁ fr\é i lcl)]%p‘?t ﬂ%ﬁlatyrj?&tc"&}g”?tﬁ 9 ’ﬁﬁw%‘ﬁ‘&”ﬁ‘f B§i aHva 404X 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 mnbodhnent(nﬂxajgasofCF}and(Sb)oranﬁxedgasofSFM(Hzand()zmtmedinmead
of the mixed gas of SF,, Cl, and O, the reduction 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
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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Moreover, the width of the inpurity region 1401b in the |ongitudi nal
direction of the channel is as long as that of the inpurity region 1401c,
or is greater than that of the inpurity region 1401c. The inpurity region
1401a, that is, the first inpurity region contains an inpurity to elenent
added by the second doping treatnent in addition to the inpurity el ement
added by the first doping treatnent. As a result, the inpurity region
1401a becomes a high- concentration inpurity region to function as a source
regi on or VEAT & GLABGEDMS: As t he successive steps, the manufacturing
process of Enbodinent I shown in FIG 3B and fromthere on nay be

conduct ed to manuf act sendcdridactecitwiee sabpisingubstrate. 15 By the above

met hod, TFTs of the pixel portion and TFTs of the driver circuit are
formed. This eﬁﬁ&ﬂil??é‘ﬁ?ctela%mé apd | lgast onp shesirods tincludipg on satefelemitodai nent s
1 t hroughgy; diE | JARE r h L e re a.m gas of
SF6 and Cla(flgrci(ig“g]utsoegja %sstg@g%ﬁ gﬁdweﬁgig}c m;llﬁig ajggﬁsltsgfmg‘ﬂ?tgng%men@(t)egb 8r(rsggt

(m xedb gathesbe@¢nand C,) or a nmixed gas of SF' C, and O, is used instead
of the m xed gas of SE" , and O the.reduction in the thickness can be
further prevenf & °HELHEs “Beg%li‘%%@if%“i’%‘ §i984HM hese gases with respect to
the insul atingy & : i I : i t
invention, al ig.udiogﬁéﬁgg%tgll% %ﬂ%ﬁ%ﬁnﬁeavtp%%%géﬁgéégl g?&%{%&% %’Eéragag{ilur e
havi ng a e wip@gt ure ratio realized by the present invention can be

acconplished W thout.increasing the.nunber aof sks .and the punbey of
manuf act uri ng 5t%) %.W%T&V\&Wefisg AP Scend qinsylating ’Ei‘noqi'gt 8{}“’ @\f}{liﬁe
conpriosi n@nnéctseid anguedsobnd dy@fodenghgt | east one el ectrode including a
gate el ectrode adjacent to said sem conductor layer with a first

i nsul ating fi|3Pirakdeghede glecicale petneringd ém said semiconduairrlpyey. f or med on sai d
first insulatip n ' | fllmcovering. at..|east said at
| east one el ect ﬁri’eoryg sg}ﬁi O(ﬁvé%ieeg:%ﬂgdé Pdh AL O LT GOUGRLT ing film:
2. A semiconductor device according to claim 1, wherein said gate wiring
15 overlaps a portion of said semiconductor layer containing at least said channel

formation region.

3. A semiconductor device according to c¢laim 1, wherein said at least one

electrode and said source wiring comprise a same material.

20
4. A semiconductor device according to claim 1, wherein a material of
said gate wiring comprises one or a plurality of elements selected from the group
consisting of poly-Si, W, WSiy, Al, Cu, Ta, Cr and Mo.
25 5. A semiconductor device according to claim 1, wherein said first

insulating film comprises a gate insulating film.
6. A semiconductor device according to claim 1, wherein said second

insulating film further comprises a first insulating layer containing silicon as a main

30 component and a second insulating layer containing an organic resin material.
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source wiring; a gate wiring forned over said second insulating film and
electrically 10 connected to said at |east one el ectrode; and a pi xel

el ectrode electrically connected to said sem conductor |ayer, wherein said
pi xel electrode is formed over said second insulating film 2. A

sem conduct or device according to claim1, wherein said gate wiring 15
overlaps a portion of said sem conductor |ayer containing at |east said
channel formation region. 3. A sem conductor device according to claim1,

wherein said at7. | east edgicoRluetl’ QEeicBNAcERIMgS YT SR ', NGVIRIR! sHig a sane
material. 20, 4. A sem conductor device according to claim1l1, wherein a
materi al SFMicenfuptRyAicxionily preelestagriien sheogreup consigtingrodlaineysootl eonpmbant s

sel ected fr t SkSLi oly:- Si VWSi, . AL a, Cr and
Vo, 95 5. Al g fbriaBRRDRabefn oG Pesseliamiern: s e e Y of

i nsul at i nglafyed,  portahié sdtephangaie eledgohiatbodl, kiprojecldr, A LsedingRpdctype devi ce
according to, claim1, wherein said second insulating filmfurther

conpr i Ses 5Py 41 aulenizig 24pe pRR}@AC OoNt @i ning silicon as a main 30
conponent and a second insulating |ayer containing an organic resin
material. 52 7. A sem conductor device according to claim1, wherein said
sem conduct or 8evi cé sesriomdustet éatiedednn@isididie group consisting of a

personal conputer,. a video canera, a portable information termnal, a
digital canera® s%{hl&p@qchref%e g?f“m%ﬂ’er%%‘gﬁt,m@‘ﬁ’é%tﬁbl e tel ephone, an

el ectroni c book, j@sPiofk eQt@fodead)sasht nﬂB“E&i&dscjzﬁﬁiP&duéto?“ ﬁ?é@Yvitha’ﬂdﬁ?s@

el ectric game appliance. 8. A sem conductor device conprising: a
seni céhdu@syptingfin inftespassd therebetwnen;nsul ati ng substrate; at [east one

el ectrode adja (?'1% to. said sem conduct or er.wth a first 10 insulating
filminter pose%g e vgf 1 gﬂ?cﬁc')n sauéj Hifst 1nsula%¥1g film;
a second insulating film covering at least said at least one electrode and said
source wiring; and
a gate wiring formed over said second insulating film, and electrically

15  connected to said at least one electrode.

9. A semiconductor device according to claim 8, wherein said gate wiring
overlaps a portion of said semiconductor layer containing at least a channel formation
region.

20
10. A semiconductor device according to claim 8, wherein said at least one

electrode and said source wiring comprise a same material.

I1. A semiconductor device according to claim 8, wherein a material of
25  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.

12. A semiconductor device according to claim 8, wherein said first
insulating film comprises a gate insulating film.
30

33



a source wiring fornmed on said first insulating film a second insulating
filmcovering at |east said at | east one electrode and said source wring;
and a gate wiring forned over said second insulating film and electrically
15 connected to said at | east one electrode. 9. A sem conductor device
according to claim8, wherein said gate wiring overlaps a portion of said
sem conduct or | ayer containing at |east a channel formation region. 20 10.
A sem conduct or device according to claim8, wherein said at | east one

el ectrode and 33i d YOYERRMIAIIGAIP AE&RIAE S8 BARRE N i¥rein Lhid fecond
sem conduct or device according to claim38, wherein a material of 25 said
gate wi ri rputssing dilmeiribaecempnses laufizst insylatinig ddyementisingeg stived as nomit he

group consi st ol yy Si A i Al.,. Cu, Ta,.Cr and M. 12. A

Jen condueyaporisaile BR0K Hwgithe ASesoortaningitb B Slp@ PR ot at i ng
filmconprises a gate insulating film 30 53 13. A sem conductor device
according to claim8, wherein said second insulating filmfurther
conpri%es a fitst iAsuieatirensucieyededent apaordigesitt i clommad, awheiain swdponent

" #6t i f des | clma " sdponer
o conduat o HRpI R Rl LR e ORI It A0y BB BT B vl Bt

devi ce i saoiteosainect adokiabla ihRemgrion fer@ins, Shighel @ineda,REdigRRllidéPaRMt er, a
vi deo camalra, a or%gebl informatjon termnal, a digital canera, a digital
vi deo di sRI&Yg) éy&“,a SPF-e21t Blceliprindookna gregtipbm desbauniedpdf ect or |

a head mogighied A} RA elddirRPLmYe ap?)'ﬂgn@en el ectric ganme appliance. 10 54
10
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