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0 2 AUG 2005 SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG Qé%igﬂbémm
BACKGROUND OF THE INVENTION 5 1. Field of the invention The present
invention relates to a sem conductor device having a circuit constituted
by thin filmtransistors (hereinafter, abbreviated as TFTs) and a met hod of
manuf acturing the sanme. For exanple, the present invention relates to an
el ectro-optical device as is represented by a liquid crystal display panel
and an electric appliance including such an to electro-optical device as a
conponent. In the specification, the term"sem conductor device"
generically indicates the devices capable of functioning by taking
advant age of sem conductor properties; an electro-optical ,devices, a
sem conductor circuit and an electric appliance are all included in the

sem conduct or devic Gl A Q. Rel ated Art A technique for
constituting a TFT §§%§F§§%ﬁ§9@o¢£ﬁ}é%$ﬁ WGETHHQI%i ng a thickness
of about several nmto aboMANEFAG@IURING qdSEGANHE forned on a substrate

having an insulating surface has lately attracted attention. The TFT is
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nPn the specification, the term “semiconductor device” generically indicates the devices
capable of functioning by taking advantage of semiconductor properties; an electro-optical

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

2. Description of the Related Art

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

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

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

25  particularly drawn attention.

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

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

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




0 2 AUG 2005 because a backlight is not used for display. For suBr /6 2005
advantage, the reflection-type liquid crystal display device is nore and
nore demanded as a direct-view display for nobile conputers or video
caneras. The reflection-type liquid crystal display device makes 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 i mge. Cenerally, a
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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 formes between the source
wirings 14, simultaneously 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-
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light-shielding film 13 and the pixel electrode fromeach other by
providing an interlayer insulating filmtherebetween. Simlarly wth the
light-shielding film when the nunber of layers constituting the interlayer
insulating filmincreases, the nunber of manufacturing steps
correspondingly increases, resulting in 5 a rise in manufacturing cost.
Furthernore, this increase in the nunber of |ayers of the interlayer
insulating filmis di sadvantageous in preservation of the interlayer
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Recently, the pixel size becomes smaller to obtain an image of higher definition. The
reduction in pixel size increases the area where a TFT and a wiring are to be formed for one

pixel, thereby adversely decreasing a pixel aperture ratio.

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

20 it is indispensable to effectively layout circuit components that are necessary for the circuit

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

present invention without increasing the number of masks and the number of manufacturing
steps.
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above-descri bed probl ens of the conventional technique, the follow ng
nmeasures are devised. The present invention is characteristic of a pixel
structure for shielding TFTs and a 5 region between pixels fromlight

W thout using a black matrix. The present invention is characterized in
that, as one of the neans of shielding the TFT fromlight, a gate el ectrode
and a source wiring are forned 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 10 is characterized in that,

as one of the nmeans of shi RYOF EHIFOINVENTEN pi xel s from light, a

pi xel el ectrode 4 I as to oyerl the source wiring.
Furthernore, t he éaélgé%%g E?ﬁ?/(gvn ?%ﬁnpgalﬁﬁog 2k the cepy gsipnhtechritipe, dbe one

of the rfBHﬁ‘é’lﬁ&)me@mirmmtbdgvisdstE TFT fromlight, a color filter (a red color

filter or a Iﬂ)lgl Q%'Eeinpnvfitl.mof ared color filter and a blue filter) is

di sposed as a I'iFghtOsHVEHRTHY PrficostaoLdprekstrusibs fonshieldingEFToamber | ap

t he TFT9egivs botwerm mkelsErRim $0BS WiBbE: ustile a Hid th resent. .

i nvent i a%icﬁac%g@ed in the pﬂrgesent speci iacatcilkg%]ly[?lg[a %espr%§éc)§'ténve“ 1on 1s
uctor

sem con riged iithag, 3RPRT 8f Hig:means efplislding the THafrem lightfd &t electrode

seni condmdt Drsoh@y exirihg2ire YN & 304 i ong. rain region, and a
channel formation Ee%iéon sandw che_do%%f\%}esggawtngeﬁlggﬁpget%?reﬁi lﬁggeaﬁﬁft tHed 20
drai n r S§PER GHCIGR lavRE saTEINERS anactise dayenisf davsted wihl lngdate@iding orafRdtdiEa
sefi condeedn@rindayio Sl eat i & } tor |layer 172); an electrode (a
first electrode ,134%, i ncl uadisngffgl%ggtrg%gﬁggqsggﬁgfgméﬁmaﬂaleﬁeﬁeﬁbmaﬁﬁ%I
f or nift i dhchageterzeshint that, £5 pae of tisumasrisng shidlding 2Be e oSO8 b ebh Piklds B3 ) he
first i tathikgr & : nd.insulating film coverjng the electrode (the
first elm?(a:lt ro%le 1%%%&];6&??133’?%8‘%?%80 3% QV%I?@CWFéHB’)CGdﬁWWgheF@ﬁw weraithe ng;
and present mnvention 1s 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 so as to overlap the TFTs

15 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
drain region, and a channel formation region sandwiched between the source region and the

-1 20 drain region on an insulating surface;

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

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

25 a source wiring on the first insulating film;

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

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




a gate wiring 166 connected to the electrode (the first el ectrodd?1346 2005
including the gate electrode) on the second insulating film 0 2 AUG 2005
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 formation regi on sandw ched between
the source region and the 5 drain region on an insulating surface; a first
insulating filmon the sem conductor |ayer (the first sem conductor |aver
172); an electrode (a first electrode including a gate el ectrode 134)
overlapping the channel formation region on the first insulating filn1 10

a source W rg ePQhé ?ugt{u{g%tf thé‘é%ék@ﬁt 15'&%&10“315@05%8%?91@ \HI&%H ?p LDabibd

covering the ectro e an ource wirin ng ‘connéc ed to
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connected t rin t.he ond ayer (specificall
a source regll %%ﬁgégd{k? v %girg‘n% ﬁoqq%ilé[ggga%eﬁ:}(‘??ﬁéﬁ‘flﬁg ﬁ@“%ﬁeﬁﬁgm&nﬂ 15ya
pi xel ecﬂreutrlegldaa a]xﬁﬂaa:}mnnelcfbadattml repiensendwichellisdtaeed Meeburcs pRedf acathky, the

sourge region or the drain I’]ﬁgl on) on the second insulating film Further,
int SEIE BhEGUSHPESYUTE: the pixel electrode is arranged so as to

overl ap t he Sfitst dasulddig GimVdi R SeamevhdifRtdtdaldre(tse eipi deinisotdation dayer | M
t her ebeﬁﬁ to thereby shield light (or to reduce light |eaking) between
t he pix el ectrode and source 20 Wiri ng. Further, in the above-nentioned

respective Sifclliédesa futshaeaﬁmquaqaﬁ;gqr a%ee‘{é&x%diei34)cd%¥lgﬁé\inﬁ$ ;n?ﬁgﬂgmlf gat

4 he senj conductor |ayer has a region overlapping the ga
sandwi clrmatiemegion o thedist isilagng film ¢ her ebet ween. Further, among the

abovig- ment i angg rﬁ%;&’ﬂﬁfe%rsﬂlﬂ}! \Aﬁ‘?‘%ﬁhﬁegl on of the 25 sem conduct or

| ayer overl appl ng t ate wring e sandwi ching the first insulating
film ther etﬁeﬁeﬁem}nsubltmgeﬁlamce’lermg(thebf;letttmﬂetmidnge a:turtcewam@ channel

formation reg resent bet ween the ch fermation region
and the draith aﬁggﬁlgﬂé %g ne@tedpf € Qlﬁ?té%% o the's€ond msurlatmg g fm

a connection electrode 165 connected to the source wiring and the semiconductor

layer (specifically, a soufce region or a drain region) on the second insulating film; and
15 a pixel electrode 167 connected to the semiconductor layer (specifically, the source
region or the drain region) on the second insulating film.

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

20 wiring.

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

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

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

external light.



bet ween the channel formation region and the source region. Thi§ 7 edifonpis
protected from external light. 0 2 AUG 2005 In the case of a nmulti-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 formation 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

i ncreasing, the electrode and the source wiring are forned of the sane

material on tlhehd ¢assbf i REtiahiengrubiukdin vaieh hgu}&ﬂ% of Qgtfegzeﬁzﬁjod@ &€ hgeggrrﬁl a][ he
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‘char act el lgiztﬁg i{1 t hat th(f secoqr*d insulating filmfor insulating a source
na a- §atte §

wiring a Vg 3fP [ormyd; 9idhe frume materiaken thessercard imgulasipeileont ai ni ng

siliaon as a Faiher,doNROIRNe-MBAtichedaeqRetivd BtHn@kl NHe LAYRLnIRISE: 8FvidNs
organic resin material. Further, in the above-nentioned respective

st r uct ur d@raqigzed dnthas tha 8ate VibBg ic@ade of @ filin gontiningds A maif aompoeempiarel

i ncl udi ngeb@ fRiccedd B I Qs ' With fhe

sem conductor | ayer (gﬁggégér\iﬁ“@g%@%%‘ﬁ%f%@%&?@%ﬁ%)%é@ﬁﬁé‘&‘i %ISmIeBt {Oﬁe

pi xel el BvaFdRa gonductivithas eopask ModWSi,aAdCoribh, €lrentirddeorl 8 Bmigenneditad to
a gate whkjpg of an adjacent pixel, wusing the first insulating filmas a
dielectric. Further, it is preferable that an inpurity elenent inparting a
p-typé condudturthiet.yinithe andedmentidied segeniivondities, thayahicohhectsLE8AEE is

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

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

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

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

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

semiconductor layer 173).

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




sem conductor layer 173). Further, another structure of the preg@nills 2005
invention relates to a sem conductor device 6 0 2 AUG 2005 including TFTs,
each TFT conprising a sem conductor |ayer forned on an insulating surface,
an insulating filmformed on the sem conductor |ayer, and a gate el ectrode
formed on the insulating film characterized in that the gate el ectrode
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
formation region overlapping the second electrically conductive | ayer
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speci fication. Furt in the above struc ure regio
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t he concen tion,of an i | enent to be added to sem conduct or
| ayer is? fgel’%d’ etSﬁ%Ofthbs ﬁycﬁonﬁiH‘é‘“@l BYET RBGIth b@é’ﬁﬂ’ﬂl‘é}ﬁ iPlagie| afar

having aohepreRd, SRARR. sI6RSHiAE td @ﬁgt@g;er fereliNg o6 QNGRMI &apBNarf 2 t he
inmpurity element. Wth th el%SS |1n%reaﬁ§é in t |(§3 nes?s of the t al:prst .

el ect Fi c&CTHPICAYIRE # fapsradashape is w&r&dﬁ@@ﬁtart@nqr%p@ﬁma An thlﬁﬁmﬂcﬂfﬂﬂ;ﬁtlﬁﬁ t he
sem conduct or FLAKE! HORECARRR stricthRe BB ity Webibdt e cHRSLEASE b the

overlapping the first electrically conductive layer, while sandwiching the insulating film
therebetween. The third impurity region is formed by doping for adding an impurity element
to the semiconductor layer through the first electrically conductive layer having a tapered

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

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

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




thi ckness of the first electrically conductive |ayer, the condedt AHBi 350t
an inpurity in the sem conductor |ayer increases. Further, in the
above-nentioned structure, the sem conductor device is characterized 7 0 2
AUG 2005 in that the first inpurity region is a source region or a drain
regi on. Moreover, in the above-nentioned structure, the sem conductor
device is characterized in that a region of the insulating film
over |l apping the second inpurity region includes a tapered portion. The
second inpurity region is formed by doping for adding an 5 inpurity el enent
to the sem conductor |ayer through the insulating film Therefore, the
concentration of the inpurity of the second inpurity region is affected by
t he t apeindbaigbe fnrsinmpofltytdeglannsulsatmclgeglbhﬁ‘rﬁ@reﬁﬁl@e@@nt he distribution of

t he concentra}ﬁbper&vgr Enh rnf% r|t of t second inmpurity region. Wth the
i ncrease in the thickhes ?"H’e FRUQH SHI;]CtPfq’n{het lsemicondoetor r devion isf t he

i mpur i t ychanadtérizedén ndai lrdfgw]ﬁ bf the liRgil A hedRIe] @@?ﬁ?gm?%é {%Pﬁéﬁﬁﬁ@t’}'}@ém' 0

W th the LE! usg:t*on i,n the thjckness of the insu
concent r'BE 1SR HIEPFFRS RATHeR-i £ secAng frepualyapgion @fwmﬁg‘v by elgporg foneddiagas.

Al t hosighinipieits erai@t tdiHe deb) S dapi ng as, t hat
for the thi I’dﬁl purity regl oﬁémbg}qé%f\eééﬁtwgﬁltg%mg aglﬁcafﬂﬁh ?Fve?‘ﬂe’ttﬁ@

second i APGFRE3HONG Fllﬁ"lmpslﬂlfﬁ offibe sechndirnpaity eeigidrhie affbcttediby tHeWspdryd f&EbaN

because gfh over the_first electricall
condﬂztl veﬁ? g%g&ﬂg gg%%s hhx%% Irﬁigﬁgg ec(gpthe C?\{&ﬁfr“Fg?O‘f Bgfh:?ﬁgﬁpﬁﬂf)h‘éf the Y

| ongi t uditRAMd Hnpwdtyi saiont With dh:amna:las& & d&e ihidd@edsSof MR iRhiating fild) the

inpurity than that of the third inpurity region.
Furt her r?ooﬁlg%tpﬁl “ggéljx‘/ezmg{“?ﬁ%”utﬂ’8s‘?°é’“8ﬁ%P%‘tyéFg%Gf’?fﬁa&eﬁ n the sameEmangern

n- chahnevitrpe reduuctmnpn chathiedneSFOE. thE Uishheing flm, %%oﬂé&ﬁﬁa%n'o@‘(ﬁé‘ﬂﬁ;ﬂﬂny

pi xel Tk usi.ng.an n- nnel TFT. In addition, a driver
circuit %[nﬂé: Seagﬁém "tr:{%ée ’?Eﬂfl’etasﬁfsl qugadle sRcophimrurity 2ezigw sfoomed by

p- channeheﬂ'd%ffcsdm;ﬁngasfmedfo Bethheimphi® r8ibHG S ihvention
di scl osed in the Pr esent sr eci fi clgfllgﬁr érle a%ggﬁ%cgﬁggtg%m&(r:aglngﬁﬁtm“ 3@9 ice

conpri siREPY IRYr Bfegé%éstm&lﬂ"ééh%lhﬁlat Pl dhied irspurity regidn bbeduse elne seeongai r
of substimpteisy reghar @&Isﬁlfdt z;ee'rl tHe ¥kt Qe ﬁ[ [LNEE Fhsult
S e b ourmpLan IRl add 5ana| st % rgcﬁ{ 1iJl:t(?ve Q%'r aTge Width ot'the
5 second impurity ngIOIl m the longitudinal dlrec‘aon of the channel 1s as long as that of the -
third impurity region, or is greater than that of the third impurity region.

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

20 TFTs or p-channel TFTs is formed.

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

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

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

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

insulating surface;




the pi xel portion includes: a sem conductor |ayer including a §$8r@QG 2005
region, a drain region and a channel formation region sandw ched between
the source region and the drain region on an insulating surface; 8 0 2 AUG
2005 a first insulating filmon the sem conductor |ayer; an el ectrode
over | appi ng the channel formation region on the first insulating film a
source wiring on the first insulating film, a second insulating film
covering the electrode and the source wiring; 5 a gate wiring connected to
the el ectrode on the second insulating film a connection el ectrode
connected to the source wiring and the- sem conductor |ayer on the second
insulating film and a pixel electrode connected to the sem conductor | ayer

on the second ﬁurszsunlsalanﬂgfﬂnlnldﬁtharé,émuzleldhE'toTr hat;;t he other substrate has a
i ght- Shle|dln filmin i ch aﬁlred col or fllter and a blue color filter
are | ani nat e SEOdE SV &rR1ap ihehanneiormationcwgthucerthel fageinsulking ban; in

t he above- nemtgoaﬂgdyﬁiﬂgtﬁ{@@qlrsltlggulg Eﬂﬂductor devi ce provides an | PS-
type liquid crgéstal di sp devi ce, ﬁﬁl%Tprl Sing a common wiring on the

second i nsul d$eRgnd mspmmaﬁémequetmg the electtmieaanﬂrthmimtamiwﬁ -common Wi ring
are agranged r ar.al | ace of the
ged 1Stuid aﬁ?ﬁn%@o el b She éé‘f'tﬁ @1 : Bﬂ@ﬂ“’é& E{S’é

substrate is generate urther, ture, there is
provi ded a ré‘fq0@§9¢tmftlwie:>dequmndcte«ttwﬁieabuﬂ:bmhﬂg 268 Yhe € mhiBo NI &dY 16

pi xel elﬁp&@gg&ﬂpgpggﬁ?ﬁgﬁl m containing A] or Ag as a nain conponent

or a lam nation rther, in the above-nenti oned structure,

the seni conduqtixsl etbetbdecqimicdes t seRfcdnd@BBAIyS Avub XS nkiaish ffis 2!
‘di spl ay vice in which the pixel electrode is made of a transparen

electrically conductive film Further, as another feature of the present

invem®ion, aisenidensthet MbsEa¥ings ad; hEElﬁ 1A EEE N & {
char act %I’I ze that, a first el ecTtgr odeel ncfnudﬁl\r(l:gqialjegg?ie&fltcrtap%ae and

a gate wPs Oigg A8 13 B insieg St‘j’nﬁ‘sdpfol"é'fl@-‘hthﬁ'lfhréfljileatl1‘—Emgiu{tiolrrlu:l;yerrespect| vely,

and the firstFurther,inthe above-mentioned structure, the semiconductor device provides an [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 eiectrically conductive film.
Further, as another feature of the present invention, a semiconductor device of the
present ;’nvention is characterized in that, a first electrode 134 including a gate electrode and
a gate wiring 166 are formed on different insulating films, respectively, and the first
25 electrode 134 and a source wiring 137 are formed on a first insulating film, and the gate
wiring 166 and a pixel electrode 167 are formed on a second insulating film which is
different from the first insulating film.
Further, in a manufacturing process realizing the above-mentioned structure, the

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




25 el ectrode 134 and a source wiring 137 are formed on a firs{ 4 ngid a&ing
film and the gate wring 166 and a pi xel electrode 167 are fornmed 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 nmethod of
manuf acturing a sem conductor 9 0 2 AUG 2005 devi ce, characterized by
conprising: a first step of formng a sem conductor |ayer nade of a
crystalline sem conductor film on an insulating surface;, a second step of
formng a first insulating filmon the sem conductor layer; 5 a third step
of form ng an el ectrode overl apping the sem conductor |ayer and a source
Wi ring 6VichecHaractarizedsyl atpgifd:| m a fourth step of forming a second

insul ating fild vering.the el ectrode and the source wiring; and a fifth
step of for ma#gg t%@a?&m 1?%5"'%%@&%3%@%0@@E&tal@aesmaoommﬁm ng

the i oosem iosulakirgt arfdcayer on the second insulating film a connection
sem conductor |ayer to the source wiring, and

el ectrode for congecti ng. t he C ctor
a pixel el ect ot &%Fé’r?fg%mﬁggaﬁé% asutagiag filiromige semidondnctof hayer;

manufsact uri ng tifdMESSE HAAINZNR%tBAe @?&Ya@'gﬂ%gfz% erﬁ%?%%é&%gcﬁﬁq%ﬁmcgggo&?g% g a

structure .of the Present invention rel at ne
seni cond{EPgPn the it insulatingfiimict eri zed by conprising: -a first step of

formng a fi gShusieRie5 dtis o d a.second sem conductor | ayer
173, each being rradgﬁof a @?ﬁﬁ% g%ﬁ%é’“é‘éﬁﬁ%%ﬁm&%’?”% Itg% el%ﬁtraﬁif-‘ RS theat i ng
sur f ace SOUISe ¥auBgiknst ep of formng a first insulating filmon the first and

second semi CORIMCESY of s; 20 a.third step of formng a first el ectrode
134 overl apping t h@r? |ﬂrogl¥'§{§earrg%8ﬁvd%¥ 8?’“}35‘7’399 %’ead%%chpnéwgeﬂamag g5
overl0appémgondiectotieyaTonsisasccontingtiafing SR 2. corfchtdn SRS 8e mr%ﬁ&cliﬁ theOn the
first i éﬂkgh%ilpﬁofial m.a fourth step of formng a second insulatin ilm
covering gnduciar layer 1q the soures, wirine, 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
layers;
) 20 a third step of forming a first electrode 134 averlapping 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 ins.ulating film covering the first electrode 134 and
the second electrode 135 and the source wiring 137; and
25 a fifth step of forming a gate wiring 166 connected to the first electrode 134 and
overlapping the first semiconductor layer 172, a connection electrode 165 for 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

i0




t he second el ectrode 135 and the source wiring 137; and 25 a fift{h?sigp 8%5
formng a gate wiring 166 connected to the first el ectrode 134 and ‘
overlapping the first sem conductor |ayer 172, a connection el ectrode 165
for connecting the first sem conductor |layer with the source wiring, and a
pi xel el ectrode 167 overlapping the source wiring, on the second
insulating film Further, in the above-nentioned structure, the nethod is
characterized in that the 10 0 2 AUu 2005 second semn conductor | ayer
connected to the pixel electrode overlaps the second el ectrode connected
to a gate wiring of an adjacent pixel. BRI EF DESCRI PTI ON OF THE DRAW NGS 5
In the acconpanying drawings: FIG 1 is a top view of a pixel portion

accor di ngcbad tdiRicBR&SERM 121 i ( i t . FIGS, 2A to, 2C are
di agrams showi ng a manuf a%?‘f??ﬁég&%“ﬁgggg?ﬂ%? ggﬁr%%%?v\%la%{hrﬁiSﬁco‘g{égqtf%e

( Enbodi ngiftiedtpd 1q g gplecwiningAftap a@facanepidilagr ans showi ng t he manuf act uri ng
process of an active matrix  substrate (Enbodinent 1); FIG 4 is a diagram
showi ng the nmanufacturing process of an active nmatrix substrate

(Embodinent 1); FIG 5 DESQRIRTEDNVORTHE DROSWANER] i onal structure of
a refkection- quid . 15 crystal display device (Enbodinent 2); FIG 6
is atop vi evﬁhgﬁg‘é&dﬁ?@é‘ﬂylﬁéﬂf?‘%ﬁ‘g&ccordi ng to the present invention

(Enbodi ment 1HIG.FA GS.a Tdp aielv 78 argixal poRioHd QWeaHated1d tRS oGt i . Yiew
of an ac 'nybecdnratlrlti . Substrate, respec{pi@vely ( Enbodi nent )r; % IE@F%BA
and 8B are cross settional views of a terminal section (Enmbodi nent 3);

FIGS. 9A to FUGS. agramc &E%g}%@@ﬁ&%h@%ﬁﬁ%&mﬁ%#ﬁ%ﬁﬁgg @J ﬁ:)qiveﬂx%rixlo i

‘transm ssion-t jquid crystal display device

e. |
a cross-g Ettr?thgmbf?fj’éWDéflﬁa terminal section (Enbodi ment 5);

10 FIGS. 3A to 3C are diagrams showing the manufacturing process of an active matrix
substrate (Embodiment 1);

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

FIG. 5 is a diagram showing a cross-sectional structure of a reflection-type liquid
15 crystal display device (Embodiment 2); _ )

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

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

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

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

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

11



FIG 11 is a cross-sectional view of an active matrix substratg addbr diléty
to the present 25 invention (Enbodinment 6); FIG 12 is a cross-sectional
view of an active matrix substrate according to the present invention
(Enbodinment 7); FIG 13 is a top view of a pixel portion according to the
present invention (Enbodinent 8); 11 0 2 AU G 2005 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 (Enbodinent 10); FIG 17 is a top view of a pixel portion

accordi ng to gipe @r gs i.nYenti.on dinpent 11); FIG 18 is a
cross-sect i onal vi ev% %fQ ??éﬁg\é%ﬁ(dg vb%‘é E}r}t;t © AT rRATHGR AECHBEptoedienrresene

i nvent i oRVERAIOdMRAimen)8); FIG 19 is a cross-sectional view of a pixel
portion accorngng 4 9 the, f invention (Enbodinment 12); FIGS. 20A to
20F are diagrans shoﬁ/viangopggfge%{yésa $Xel | ReLtien QYA dke PrEanodivention 13) ;
15 FI GS.(Emwdimem1i®)ar e di agrans showi ng exanpl es of el ectric appliances

( Embogdi ment ?I_I(z , Bl GS. 22A to.22C are di agrans show ng exanples of electric
appl i gnces 2r?lbo1 i %%tcr ')S?Ctl‘—{fr@f:"%v iog 18E Pieed rpomtieh eegarding toothe entseonal
exanpl e;ingéntlinGEmbbamem BAP are enl arged cross-sectional views show ng the
manuf act uri n% fEpr cess of an active matrix substrate; and FIG 25 is a top
view of a pi é -F}gr 15 antopEmgUdpﬁ@nplx@j .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. 191s a cross-sectional view of a pixel portion according to the present invention
(Embodiment 12);

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

15 FIGS. 21A to 21D are diagrams showing examples of electric appliances -

(Embodiment 13);

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

FIG. 23 is a diagram showing a conventional example;

;20 FIGS. 24A to 24D are enlarged cross-sectional views showing the manufacturing

process of an active matrix substrate; and

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

DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 Hereinafter, embodiments of the present invention will be described with reference

to the drawings.

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

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

12




DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 25 Hereinafter, embodd Redt's 8805t he
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 elenent substrate and a counter substrate bonded with each
other with a predeterm ned gap being interposed therebetween and an

el ectro-optical material (a liquid crystal material 12 0 2 A'J G 2005 or
the like) being held in the gap. A specific exanple of a pixel structure
according to the present invention is 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 direction, a source
5 mﬁringHI@?HHﬂﬂ&hQQMﬂﬂm1&wngunn direction, a pixel portion having a pixel
TFT in the V|C|n|%¥ H |nteLsect|on of the gate wiring 166 and the
source wiring ¥SPHECHRMPIGT ¢ BIXELFFUSHe acspidinggodhe PR rriMEdntioR Ts shroven

p- channeh FIET1. H&ﬁ:l@,airﬁemplélgf é—@e@ie‘éﬂ@%ﬂemdﬁi@cgyéfa?dgggigta%vvgg is %wn

connect ed to n sland-li ke first electrode 134 °di spo
di recti on. nhsybshateindudes agatpsvigiog 166 aaawmdroﬂﬂlreamﬂ atdurge fi | m

in cont aa@;ﬁ—mghgrygmﬁgbd lﬁla%llgﬁrg dirdMeioll. 5@?«3&%‘:‘&?1?? WL n? xﬁffﬁg i sl.and-1ike

first el %ctrode 134" is formed on a fir i‘fnsu GAERY  al so
r ef er r e®Ltle Hderseqyigneot thhgmeamrmg ¥66 an)d the sasrct:@vmﬁglla’ic@m aQifnvteh@Tr@M/l th. A

connect iQ0ing! HC-FRAR ﬂ?ﬁr f he second insulating film
(herei naftlé]r% al so Y oEI'P?o ascan interl ayer insulating film as pixel

el ectrodes 16hesgne Vﬂl?@gdﬁﬁ shéwven GeFI6. 1153 g&téhﬁﬁn%@&ne@@fd@?ﬁﬁ i%_ll_zié_ilﬂehl@ Pﬁ%L
ayer .0 e can

t t t t
P LS TR e s WA R A A S
of tHe TEnldtingrfilm ugdfﬁnladt theae k. Sﬁnﬁﬂbﬁ\k’ﬂhtﬂ'ﬂ;ﬁsoﬂ:& Qﬂ'lﬁ%]ﬁ‘?ltﬁ&fs e ke

substra from ast .a channel 20 formation Tegion o

sem congg%tte ?Ctrogﬁgga 157%@5889 §r§6§té851§§1%fﬂﬂb(h§éﬂ§¢ﬁ@ dsairdfemed to zghtgabty t he
gate W insudacibGiln)soadds bk McdRadthferchftpnel formation region, it is
desirabl e thgI a region present between the channel formation region and

the drain refiORNeifrelerods 16Dy 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 hight, at least a channel

.+ 20 formation region of a first semiconductor layer 172 is disposed so as to be shielded from
light by the gate wiring 166. In addition to the channel fermation region, it is desirable that
aregion present between the channel formation region and the drain region (such asan LDD
region and an offset region) and a region present between the channel formation region and
the source region are shielded from light by the gate wiring 166. Since the pixel structure

25 shown in FIG. 1 is a multi-gate structure, a plurality of channel formation regions are present
in one semiconductor layer. Therefore, a region present between one channel formation
region and another channel formation region is also desired to be shielded from light by the

gate wiring 166.

The gate wiring 166 is formed on an insulating film in a contacting manner, which
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region and an offset region) and a region present between the dhankléd 7005
formation region and the source region are shielded fromlight by the gate
wiring 166. Since the pixel structure 25 shown in FIG1 is a nulti-gate
structure, a plurality of channel formation regions are present in one

sem conductor |ayer. Therefore, a region present between one channel
formation region and another channel formation region is also desired to
be shielded fromlight by the gate wiring 166. The gate wiring 166 is
formed on an insulating filmin a contacting manner, which 13 0 2 A, U a
2005 is different fromthe insulating filmon which the first electrode 134
serving.a gate electrode is provided. In the pixel structure shown in
FIG 1,% ef“rf}‘sffmélth"ctlm%&?élngﬁlnn@n which thedirvesleasode Y34 seohiRChy #¢4tc

over | appieB@oddie pidyf; r ugh, t i nsul at’i ng
film but al S0 gedr \}gésd ngeﬁg #&Lg{urée eg‘m’ 3@@ 2’6H§Ffsﬁg?§pﬁ§ del 34 nnt agly
capaci t Ve 25 B galf &é@ﬁmodpmo@mppmgtﬂhetﬂmt pemﬁﬂon?ﬁétuma%ﬁ tl%ugmh@ ﬁg&em

i nventi 0 i xel s rom | i"ght narnl

over | apg{gﬂgﬁ{] %?gfnhgmbing\%ero%l xecf“ee?fletg? F[}&E‘)g FORstHiNtinga %@ag%@amcmrr@ 137.
Gaps Ssugtaeant pixgdp bet ween t he pi xel el ectrode 167 and the connection

el ectrode 1 and between the pixel electrode 167 and the gate
wiring 166 g?’e“hi‘ﬁ? Bk R of | HsrRresspt HVEBNOR: afregipa befsrasvipdeals trshiehied

count er froohgdin atadn] dviadagsiheind did anm_nation
film of 1;7 red col Icl)ry}k?ill I te?ﬂgn%ta bl u(thg% g{e?? ft%&gh?rdvgﬁﬁ%rﬁ%ﬁ%% GORE | m of
or

~aredc filter, a blue color filter and a green col or fllter which is

‘patterned t oGhes sath as PEAASIRLH fﬂgg d(erl’gﬁz{gbc?éﬂ'lé ndttﬁ'e i@%?a%l Yol gff 50 B euoh

t he el err%pt substrat e), Is provi on € coun h such
a stiPuctift 282R @WFF‘thtﬁ‘Plf(Pﬂeeléqtmdéribkmldsthe gite wzsmghﬁélademlélﬁemﬂdnghghtﬁal nly

Shi ol e 1 rom 11007 Byt e eI sy badfn 2R3 s e oS ks o
£i1 m of laginatipndimef acnemce}orélﬁtdr :mcbd biee coloofiltet, bt & lamin@fiofil AT Hald QIbef 1 | M
N N Y R
el ect r oplsitisgi7(at shecposstiont UﬁdlebE/F’Boﬁ e®Bment 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,
of a lamination film of a red color filter, a blue color filter and a green color filter) provided
20 on the counter substrate.
A storage capacitor of ihe pixel electrode 167 is coustituted by a second
semiconductor layer 173 connected to the pixel electrode 167 and a second electrode 135,
using an insulating film covering the second semiconductor layer 173 as a dieiectric. An
impurity element for imparting a p-type conductivity is added to a part of the second
25 semiconductor layer 173. As a result of addition of the impurity element, when a voltage
is applied to the second electrode 135, a channel formation region is formed to form a
Storage capacitor. Furthermore, in a region where the second electrode 135 overlaps the
pixel electrode 167, a storage capacitor using the interlayer insulating films 157 and 158 as

dielectrics is formed. Although a storage capacitor is herein formed by using the second
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sem conductor |ayer 173 connected to the pixel electrode 167 and B2 s&E6nd05
el ectrode 135, wusing an insulating filmcovering the second sem conduct or

| ayer 173 as a dielectric. An inpurity elenent for inparting a p-type
conductivity is added to a part of the second 25 sem conductor |ayer 173.
As a result of addition of the inpurity elenent, when a voltage is applied
to the second el ectrode 135, a channel formation region is forned to forma
storage capacitor. Furthernore, in a region where the second el ectrode 135
overlaps the pixel electrode 167, a storage capacitor using the interlayer
insulating filns 157 and 158 as dielectrics is forned. Al though a storage
capacitor is herein forned by using the second 14 0 2 AUG 2005 el ectrode

135, t h@legtrodagé:,dhpamragﬂcapacufmt:s Baf parciehRFl Yirhitdd thedtd; Q‘éﬁ%l&tru&u% %e!
structurg. a capacitor wirjng or a capacitor elect I's provided

may alter n&{]lavgffiﬁc 8" VERBBO ed. CepREitofy psElrodT ITmerdded quayr elternatitady rodt he
el enent esplsfetiat e i ncl udi ng the pixel 5 portions having the pixel
structure shgmm in FIG, 1 and driver circuits may be set to five.

Speci fi cal | y D¢ Rymber of mpaskk f'?cﬁlﬂfeértorfmmethmehgletnheutbstm inslrdis tetusiker

| ayers 143 tarEIGRY &t the . econd mask .is for
pat t er nlzjngﬂjt?ﬁgtablﬁlr ?tﬁ Egp{é&éf t?gcéﬂé&%g@% Flbséggﬂ FREYTY éni%%e sl iRy fivge

sour ce @P;‘Flﬁﬁzlbs the finsemask is foripsttarnimgsthe Fiost smxcgndq[rtgoﬂlyd? 178 Bﬁﬂ ﬂ%| seddnti W[len
an inpu §aBN r nduct i Vi added so as to
to for m"s% M:Oiéhannefay%’gfp Stec %‘gg( é%ﬁ cl?a?tSFmﬁg ﬂ?%é}/ﬁﬁrci §dodgi3duthe ¢ he
fourth mmdleéecftmde 136 Hndlgha:smlrea:mdiwg ¢37;riaachird @ 4 Reask ifbSEovaemmbGRngluct or

| ayer, gnﬁ %ehn% conductt o[F&q{la%z the first electrode and The second
el ectro T fupunty © AMPAFNg 1P AYpe Joaduetiniyes afded so as

el ector odeﬁ)rm%pahmxﬁ@?fr«“rtalme aQAGrag M\EdPabilor i fh i dr I&ﬁ'{:ﬁ’l‘t Xfe f&lr&%ﬁ&qg $ori67
and 17%r A etsﬁ bovgl n the case where the pixel structure
shown i n FIEE Tnﬁag llﬁﬁ ngpg €y Fﬁ %@lF@}FﬂL{CWe‘a}’qfqmecﬁe@P%‘éeihlcdn@.muay

devi ce hajet, iz firsbl8burbK@ld MRSELIHIRIERHoKE: ardRO 8P SRR NSRS BRT Vi L

t he reduced nunber masks. An additi onal IS nee

| i ght - t FREHPRE tr@fi%gc%@ﬁ and 295, dbn afe twiviag fLiohrand she pisetielastradgsi b5l and
el ectrocjesso as to be patterned into a desired shape. However, a 20
transm ssion-type |liquid crystal display device can be manuf actured

t her¥by. Al s{}s.d%sgq#@edcgg@ve in the case where the pixel structure shown in FIG. 1 is

employed, a reflection-type liquid crystal dlsplay 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]




where a transmission-type liquid crystal display device is to K2 AUG 2005
manuf actured, 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 transm ssion-type liquid 25 crystal

di spl ay device of the IPS system The present invention with the
above-descri bed structure will be described in further detail by the
foll owi ng enbodi ments. [Enbodinment 1] 15 0 2 AU G 2001 A nethod of

manuf acturing a pi xel portion and TFTs (an n-channel TFT and a p- channel

TFT) of a dr| wememadmfmazfmmdngupﬁm pReidPNR! YFOE (atnhﬁcﬁaa&%h Tmf ;Idd%'p- at
t he sane ére sane. ubstratels expl ai_ ned det ai |

Ermbodi rrenPa‘i“ G G Uit Oflﬂif‘é ingje Pﬁﬂ%é Ofﬂllfh?hx.ellpiﬁ‘ﬁ@@s %fthtaﬁﬂme

i nsul at i nignd aﬂd@@uﬁfbaﬁﬁ: s@bstaté isl dxpiin QKindfetdil B mBodille 8‘?” nitride film or
a silicon oxy%l\trldefll i.s formed on a substrate (5' made from a gl ass

such as bari ufiBoPdshPVedn & 16t 885 2 desafilim 1 mady o in nrtsataemgl fss such as a
t | | | F
ypi cad | ¥iloglodkR fﬁﬁfsﬁsﬁﬁo% lagflﬁﬁf&asﬁ?&%% bi?lﬁ%eeﬁif}n n{ offoe O%I%%Hmt%&q red

exanple, a_ lamnation si1icon oxvn
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havi ng a lathinekine §émaff a50licom @@@nnd‘e fmndfmaahhyufbahvﬁeﬂﬂoé@I TNIH Sad I‘g_ﬂj i's
f d. ct f Enb t
1T el By P, 2id ekl Balite 2 AREREPE 100 AR e r‘é‘ainﬁ’ bRTeTRSS e ch
nor e tthari0fwm)) mﬁarlqdwmauea@ﬂmaﬁ egynifriie famq@lbeslﬁ]gmrrfﬁxan&ﬁcdu%@ﬁa@ln%hﬁpe

a

seni conduct | a to 10 e formed_ b ne sem conduct or
ol e et N0, A ey ‘glf%aﬁ%ﬁ%r S0gtp 2 Hﬁﬁm/gpﬁ@feéﬁbllsalﬁwsh@mgo and 150
struct ur em)yiifegnéd.| A3Rb laf#d@ﬁ@&ﬁﬂﬁ@&&% f‘fﬁtu'i@gase il HAGWE bR B bt 1. but

crystallization nethod. hi ckness of the 1sland shape sem conduct or
| ayers 105138} 6T ki dban frsuhsingrilamang a strocgee v hishetere abiny tvirelayesarg0

and 60 NEminkfQr f1adabsotR ﬂo %atl ons placed on the 20 crystalline
semi conductor film materi a it is preferable to formthe crystalline

15 Island shape semiconductor layers 102 to 106 are formed by crystalline
semiconductor films manufactured from a semiconductor film having an amorphous
structure, using a laser crystallization method 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 preferabie to form the crystalline
semiconductor films by silicon or a silicon germanium (SiGe) alloy.

A laser such as a pulse emission type or éontinuous emission type excimer laser, a
YAG laser, or 2 YVQ, laser can be used as a laser light source used in manufacturing the
crystalline semiconductor films by the laser crystallization method. A method of condensing

25 laser light emitted from a laser emission device into a linear shape by an optical system and
then irradiating the light to the semiconductor film may be used \;vhen these types of lasers
are used. The crystallization conditions may be suitably selected by the operator, but when
using the excimer laser, the pulse emission frequency is set to 30 Hz, and the laser energy
density is set from 100 to 400 mJ/cm” (typically between 200 and 300 mJ/cm®). Further,
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sem conductor films by silicon or a silicon germanium (Si Ge) gl hoglGAiaser
such as a pul se emi ssion type or continuous em ssion type exciner |aser, a
YAG | aser, or a YY) | aser can be used as a |laser light source used in
manuf acturing the crystalline sem conductor filnms by the | aser
crystallization nethod. A nethod of condensing 25 laser light emtted from
a |l aser em ssion device into a |inear shape by an optical systemand then
irradiating the light to the sem conductor filmmay be used when these
types of lasers are used. The crystallization conditions nmay be suitably
sel ected by the operator, but when wusing the exciner |aser, the pul se

em ssion frequency is set to 30 Hz, and the | aser energy density is set

f 100, : / | tween 20 30Q m)/cmi). Further, 16
G 5 AU 3000 e Lo st I R0 RAFRTED el ol he e ren satiera  ho

pul se elisssfom 1 ted0ddty and she bser aneryldésitd GhdgHie, sea Pt DO kFE6E (BNSETY
density 0Q cm ically between 350 and 500
o) o TPBFpEEen BTS00 BUREE, T 5ves ki badCar o mwar shwr aih o
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surface f ubstrate.. This 1.s performed wth an-overlap ra
to 98% ?étrh gtSHEégl %‘%ejgﬁlﬂlﬁBﬁ?fO“?‘?fng‘.ﬁ a8 ArleP T#iuPHEG g8 %I far hediricsr haserned
coveri ngglithe i sl and shape seni conductor |ayers 102 to 106. The gate

i nsul ati ng %I m 107 i S ffgrrred of an insulating filmcontaining silicon
with a thi ckn&a¥ 1Byulakng lm 367 sfpppedearsning GuDslend siaptetsemicumdudiod 2essm

thi ck 103 @OMELOTIweHm ik Benk M 109 it HORH TR Lo TR A3t e
‘i nsul at i nﬁ filmi sxgr?ot imt %5 to t ng @fﬁﬁ%z%Fﬁ??ﬁqﬁng‘iﬂ%mwﬁﬂmm m of
cour se, VHR@ ‘G1F8EsS ofstl i 1 9@ nm byrplaswatGVDi rgpsitérionANER) n@ltBRkhgidesed in
a_si100! GxyJrRYRE O & BofndPi BRb Y Bt ineds S pteR e g8
silicon BJoxi de film it f@nﬁgéb?}%}e?r]%%' © RIS R RIS TR S npt %tftﬂ'@tglrs TECS
5 L etr agg??géf Slbg@lh@smltrmfd)n, tanﬁ Soﬁse, {?ﬂ gg%err?;mzdtigg fnﬁﬁg:ggfagggg sigiQoEﬁla W E h
e subgty re set om 0 ,an ischarging at a
high fr equengsf_ ?’ngﬁ‘gﬁ%ﬁ%f Oél”é%_[a‘:“iﬂea‘b%}féé’f“c&g?rs ?ffxa@i)l%%ewsmgas e, |
Good chewdetfdm,siti cm be fangad ey PRt TVD fbikiMaC afixig: %?tﬁ@§dgg%ae vl |
subsequgrmdsﬁic%r)faor ol ’pﬁ% t heromal anneal i ng, at between 400 an 8‘ of the
silicon oxide- Pi P?ln_ el TTACHGR RERSSIE @f 4P widh the sbRitets eenpkidime 568 remd a
secand HUNOWHIO"Ceaid bndikeBargiify dtheHigh BedBhcP13.56 MHz) clectric power density
of 0.5 to 0.8 W/em?. Good characteristics as a gate insulating film can be obtained by
subsequently performing thermal annealing, at between 400 and 500° C, of the silicon oxide
film thus manufactured.
A first conductive film 108 and a second conductive film 109 are then formed on the
20 gate insulating film 107 in order to form gate electrodes. The first conductive film 108 is
formed of a Ta film with a thickness of 50 to 100 nm, and the second conductive film is
formed of a W film having a thickness of 100 to 300 nm, in Embodiment 1.
The TaN film is formed by sputtering, and sputtering of a Ta target is performed in
a nitrogen atmosphere. The W film is formed by sputtering with a W target, which can also
25 be formed by thermal CVD using tungsten hexafluoride (WF,). Whichever is used, it is
necessary to make the film become low resistance in order to use it as the gate electrode, and
it is preferable that the resistivity of the W film be made equal to or less than 20 «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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20 gate insulating film 107 in order to formgate el ectrodes. UTheAf&raxps
conductive film108 is fornmed of a Ta filmwth a thickness of 50 to 100
nm and the second conductive filmis forned of a Wfilm having a

t hi ckness of 100 to 300 nm in Enbodinent 1. The TaN filmis formed by
sputtering, and sputtering of a Ta target is performed in a nitrogen

at nosphere. The Wfilmis forned by sputtering with a Wtarget, which can
also 25 be formed by thermal CVD using tungsten hexafl uoride (W6).

Whi chever is used, it is necessary to nmake the fil mbecone | ow resistance
in order to use it as the gate electrode, and it is preferable that the
resistivity of the Wfilm be nade equal to or less than 20 /20cm The
resisti \‘Fl"bc‘%”f@aﬁn%éh@l Bl beeprisy high sosttanget HeWeraysdiabsingfa siiRy W bblogpohut for
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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 plasma)
etching method is used in Embodiment 1. A gas mixture of CF, and Cl. is used as an

20  etching gas, and a plasma is generated by applying a 500 W RF electric power (13.56 MHz)
to a coil shape electrode at 1 Pa. A 100 W RF electric power (13.56 MHz). is also applied
to the substrate side (test piece stage), effectively applying a negative self-bias voltage. In

case of mixing CF, and Cl,, the W film and the TaN film are etched to the approximately
same level.

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

10 to 20% in order to perform etching without any residue remaining on the gate insulating

18




etching nethod is used in Enbodinent 1. A gas mixture of CF4 afid @AUG 7805
used as an 20 etching gas, and a plasnma is generated by applying a 500 WRF
el ectric power (13.56 MHz) to a coil shape electrode at 1 Pa. A 100 WRF
el ectric power (13.56 MHz) is also applied to the substrate side (test

pi ece stage), effectively applying a negative self-bias voltage. In case
of mxing CF4 and O, the Wfilmand the TaN filmare etched to the
approximately sanme |evel. 25 Edge portions of the first conductive |ayer
and the second conductive |layer are made into a tapered shape in
accordance with the effect of the bias voltage applied to the substrate

si de under the above etching conditions by using a suitable resist mask

S'_hape fing. anel s%l&fwlt& € al ARSI &ﬁlﬂhﬁb ?ﬁl?o\!vﬁh frés%&() § aV défmtl%g; tcg]i ng -

tinme { be increased by approxi
et chi ng{WPIERAYP), andt Ptﬁ@?ﬁ‘éﬁmamthO tm35Q hm af alteee iposed Airfaeg oﬂ&tei?coAUG

2005 fi bfni 1 rShbAigRR: fil h W
Fom s Erams oo il BY ol pfer S ATt il Bhap 5B e 50 0 50 nm

of the é%&sréuccmsﬂrut:ta@@lmrstlnéas«n 12¢Dand sacysﬂﬂ tbmcﬁﬁ;tile: Ila?emﬁbqhq‘ic;@ya&h' S
over—-et i rst, shape cond Y yers 8 to 124 (first
conduct %lle ?g@%c}(r)(gﬁﬁg B4 Hfﬂﬁtévcplﬁﬂe@éﬁ‘gﬁlf eandygtiylpgess in pegprdance24b)

are 5 th’utbtlﬁa)ﬁmedch)rhgq:km:efss rfsdfe@awmﬁmmméﬁbﬁasagﬁkefiﬁsﬁ‘uﬁﬁ%qnﬂu goqguctive
| ayers jn.acc e first etchin rocess erence nuneral 117

denot es'F Y5O g‘ eﬁ? sy gufqﬁl; Lt cagered E}g rhsrfsrswiapm@orghncavq: hyeisdflBng

film 11 Marecmyaaeeﬁmmrwemhhmfma% @Qnduct've layers 118 to 124 are
‘made t hi nner of 20 to 50 nm Further, the first shape conductive

hi_n
| ayers 118 t%”’{}?ﬁ’ tg?@fﬁqéhm%ﬁugﬂ‘{ﬁiﬁ%s dib®tat 12eare f@rnied Hyndcdhgrend tiche but
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ni eme

is then perforrre a urit ESh.- type
conduct i vi t yAi §Stz§{9@étg prosess is-thén pzﬁoymd:d)randlapnmgumy elle)ﬂexitﬂirlﬁ@ﬁi iy be

per o s b, TEAARH, SR, o) 80 499RL 19,0 Pl SRS, et (e
accel er#ritmmediodafelopings don do;bﬁh(g ik ngovﬁlelﬁlmbf ﬂﬁdﬂoﬁdiﬁ@lﬂh of §d8sPamunt
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he: as Tpxﬂgio(;hcotaltllﬁ:gncmp ]lSaf;leﬂhSntl 1Pit0ly phdsPRTONE(FTRS kSsed (A L)GS BB ad Bet hE
n-type i(I:I?pnl]r}é l'emeny which imparts n-type conductivity, and phosphorous (P)isused 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 to 129 are formed in
a self-aligning manner. The impurity element which imparts n-type conductivity is added
20 to the first impurity regions 125 to 129 with a concentration in the range of 1x10® to 1x10>'
atoms/cm’.
A second etching process is performed next, as shown in FIG. 2C. The ICP etching
method is similarly vsed, a mixture of CF,, Cl,, and 0. 1s used as the etching gas, and a
plasma is generated by supplying a 500 W RF electric power (13.56 MHz) to a coil shape
25 electrode at a pressure of 1 Pa. A 50W RF electric power (13.56 MHz) is applied to the
substrate side (test piece stage), and a self-bias voltage which is lower in comparison to that
of the first etching process is applied. The W film is etched anisotropically under these
etching conditions, and Ta (the first conductive layers) is anisotropically etched at a slower

etching speed, forming second shape conductive layers 131 to 137 (first conductive layers
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inparting inpurity element in this case, and first inpurity Qehi’dfs 2095 to
129 are fornmed in a self-aligning manner. The inpurity el enment which
inparts n-type conductivity is added 20 to the first inpurity regions 125
to 129 with a concentration in the range of 1x 1020 to 1X 10" atons/cnB. A
second etching process is perforned next, as shown in FIG 2C The ICP
etching nethod is simlarly used, a mxture of CF' C;, and 02 is used as
the etching gas, and a plasna is generated by supplying a 500 WRF

el ectric power (13.56 MHz) to a coil shape 25 electrode at a pressure of 1
Pa. A 50WRF electric power (13.56 MHz) is applied to the substrate side
(test piece stage), and a self-bias voltage which is lower in conparison to

that of The Wfilmis etched
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pressure 15 increased. On the other hand, even if F i increases, the etching speed of Ta does
not relatively increase. Further, TaN is easily oxidized compared to W, and therefore the
surface of TaN is oxidized by the addition of 0.. The etching speed of the TaN film is
further reduced because TaN oxides do not react with fluorine and chlorine. It therefore
20 becomes possible to have a difference in etching speeds between the W film and the TaN
film, and it becomes possible to make the etching speed of the W film larger than that of the

TaN film.
A second doping process is then performed, as shown in FIG. 3A. The dose amount
is made smaller than that of the first doping process in this case, and an impurity element
25  which imparts n-type conductivity is doped under high acceleration voltage conditions. For
example, doping is performed with the acceleration voltage set from 70 to 120 keV, and a
dose amount of 1x10" atoms/cm’, and a new impurity region is formed inside the first
impurity region formed in the island shape semiconductor layers of FIG. 2B. The second

conductive layers 131b to 135b are used as masks with respect to the impurity element, and
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not relatively increase. Further, TaN is easily oxidized comparkd Feo\§0land
therefore the surface of TaN is oxidized by the addition of 0,. The
etching speed of the TaN filmis further reduced because TaN oxi des do not
react with fluorine and chlorine. It therefore 20 becones possi ble to have
a difference in etching speeds between the Wfilmand the TaN film and it
becones possible to make the etching speed of the Wfilmlarger than that
of the TaN film A second doping process is then perforned, as shown in
FIG 3A The dose anount is made smaller than that of the first doping
process in this case, and an inpurity elenent 25 which inparts n-type
conductivity is doped under high accel eration voltage conditions For
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‘becone " 0" tons/cnB i n th third inmpurity regions.
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wi t hot lresistrmaskst nasks as is, but the second dopi ng process nmay al so be
performed af renoving the 10 resist nmasks. Fourth inpurity regions 151

to 156 adde Wh’“%‘qq’rﬁﬁg]ioﬁ/ Ioleipe k6 Redechavith 2@ omuGtY ¢lement yeinghich | s
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then forned as shown in in the 1slhan pe sem con
104 vwﬁl%ﬂeffto%fﬁ]ﬂtﬁﬁcfﬁaﬁ%ﬂs sty inTHE. 3B dothe mimurapevenicayemorﬂageramm 135
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i rrpurl ty regions are forned in
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 1o 156 with a concentration of 2x10° to 2x10°' atoms/cm®. In practice, the
boron coutgined in the fourth impurity regions is influenced by the film thickness of the
conductive layers which have a tapered shape and the insulating film in positions above the
semiconductor layers, similar to the second doping process, and the concentration of the
impurity elemen_t added into the fourth impurity regions also changes.

25 Impurity regions are formed in the respective island shape semiconductor layers by
the above processes. The second conductive layers 131 to 134 overlapping the island shape
semiconductor layers function as gate electrodes. Further, reference numeral 137 denotes
the regions functioning as the island shape source wirings, reference numeral 134 denotes

the regions functioning as the gate wirings, and reference numeral 135 denotes the regions
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manner. The island shape seniconductor |ayers 103, 105, and 106, %I c%u Zbu

n-channel TFTs, are covered over their entire surface areas by resist
masks 148 to 150. Phosphorous is added in differing concentration to the
inmpurity regions 151 to 156, and ion doping is perfornmed here using

di borane (B,H'), so that boron is also added to the fourth inpurity 20
regions 151 -to 156 with a concentration of 2x1020 to 2x10=" atons/cnB. In
practice, the boron contained in the fourth inmpurity regions is influenced
by the filmthickness of the conductive |ayers which have a tapered shape
and the insulating filmin positions above the sem conductor |ayers,
simlar to the second doping process, and the concentration of the
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heat, it i preferable to performactivation after form ng an |nterlayer
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D-D’ in FIG. 3 comrespond to the spherical view cut the line of D-D’ in FIG. 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.




15 C in FIG 3 correspond to the cross sectional view cut the(l1 el ac2885 i n
FIG 6. The line of DD in FIG 3 correspond to the spherical view cut
the line of DD in FIG 6. In addition, heat treatnment is perforned for 1
to 12 hours at 300 to 450C in an atnosphere containing between 3 and 100%
hydr ogen, perform ng hydrogenation of the island shape sem conductor
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connection is made, I n accordance with

f or nmed. El 4) An electrical
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el ect¥i A Ryskat shepssemicondugior iayenframingpstomenicapavitoc (wrresporeting to the

cor r espaachiilsdndicbmitfi i fint i,xel, TE rre i.ng, to,the
first sgqr? consducf or I%?gl%yéllr%h?%e%%l)lg}%fg tgﬁéh%—ﬁ}e—xﬁﬁ (séfeacﬁlrgagﬁgz& ared
sem cond§EVEsD a}ddl%ﬁéﬂfp’éﬁ}ﬁ ng a storage capacitor (corresponding to the

1657 Som CqMERerchanghod Bl Canb oL SoL MU R
n- channét-cipmpel BT 403 -apH dhe @ixeTPortA240Ahaliag the pixel TFT 404 and a storage
15 capacitor 405 can thus be formed on the same substrate. For convenience, this type of —
substrate 1s referred to as an active matrix substrate throughout this specification.
The n-channel TFT 401 of the driver circuit 406 has: a channel forming region 168;
the third impurity region 143 overlapping the second conductive layer 131, which forms a
gate electrode, (GOLD (Gate-Overlapped-LDD) region); the second impurity region 141
20 formed outside the gate electrode (LDD (Lightly-Doped-Drain) region); and the first
impurity region 125 which functions as a source région or a drain region. The p-channel
TFT 402 has: a channel forming region 169; the fourth impurity region 153 overlépping the
second conductive layer 132, which forms a gate electrode; the fourth impurity region 152
formed outside the gate electrode; and the fourth impurity region 151 which functions as a
25  source region or a drain region. The n-channel TFT 403 has: a channel forming region 170;
the third impurity region 145 overlapping the second conductive layer 133, which forms a
gate electrode, (GOLD region); the second impurity region 140 formed outside the gate

electrode (LDD region); and the first impurity region 127 which functions as a source region
or a drain region.
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n- channel TFT 403; and the pixel portion 407 having the pixel T MG4 2800 a
storage 15 capacitor 405 can thus be forned on the sanme substrate. For
conveni ence, 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 formng region 168; the third inmpurity
regi on 143 overl apping the second conductive |ayer 131, which forns a gate
el ectrode, (GOLD (Gate-Overl apped-LDD) region); the second inpurity region
141 20 formed outside the gate el ectrode (LDD (Lightly-Doped-Drain)
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A top view of the pixel portion of the active matrix substrate manufactured by
Embodiment 1 is shown in FIG. 1. The portion which correspond to the FIG. 2A to FIG.
6. The line A-A’ of FIG. 1 corresponds to the Line A-A’ shown in FIG. 4. The line B-B’

20 of FIG. 1 corresponds to the Line B-B’ shown in FIG. 6.
Consequently, with the active matri¥ substrate having the pixel electrode of the
present invention, the first electrode 134 a part of which is functioning the gate electrode
and the gate wiring 166 are formed in different layers so as to shield from the light the

semiconductor film by the gate wiring 166.

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

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

Above mentioned pixel structure can make it possible that pixel electrode having
large area can be disposed so as to improve the aperture ratio.
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el ectrode 167 and aI so functions as an el ectrode of a storage {}:@p&bﬁtlﬁ{}‘jfor
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 |ess
in diagonal. Also, it should be noted that a pixel structure as shown in
Fig. 13 is suitable for a large size display panel. A top view of the pixel
portion of the active matri x substrate manufactured by Enbodinent 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.
Consequent |y thh the active matrix' substrate having the pixel electrode
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active _matrix substrate can be manbf act ur gﬁﬁgy %r‘gg%l ve p%o?’cc)ﬁe’%‘?(? (an

i sl and gf‘fgﬂ%hplgem conductor |ayer pattern, a first vm r| ng pattern

-(irncl udi ng tbﬁ;;&da@talgbggﬁ Etﬁd&aﬁfe \éfﬁ@faethé Fﬁg@gcg% ﬁ]g 135, and the

source wiring 137) ol SOUrCE an rain r g| ons (HBYCE avigpg are
pat t¥r nSip E?aﬁ?lé?éx foraned wegiver in tfammboslanand ammemgzaplam@rtse addieibhaiyng

pi xel ef&ﬁ{eﬁ%ﬁs{he éﬁz elcRDASGHA g{é ffr Eé’tro 5 ang a&egh{c?r?r{fqtl\éméiru{fngs 166)

As a result; the processes can uce R G ¥rPar geat
reducti awnufactumgrmf étptufmaﬂ@ eqmmOtamerﬂppmtheﬁérﬁlcbﬁdudtM l@%&hﬂ%h is
e

wring S LR FREEAOTR S RRES AR FrosTieT o apBdsPOR PASE her

mask naynbleﬂta@thrmammhé portfoﬁ)rsﬂﬁdn gabatdele@ridR a0t a6l AL BRYoHR, ettt

el eclsr oge 1Bye zlg Forniddft sroaz}s 0 Xver?apngg glatrcl, e c!cftrfoglfr: efn&tt this point, a contact between the
gate electrode and the first electrode is formed not by forming a contact hole but merely by
superposing the first electrode on the gate electrode. Moreover, the source wiring is formed
simultaneously with the first electrode. This allows the utilization of aluminum or copper

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

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

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

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

overcoat layer 573 are formed on the opposing substrate 569. The color filter layers are
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manuf act uri ng steps. Specifically, a portion overlapping the seni 8chdist G5
| ayer which is to serve as a gate electrode is first forned. 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 15

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 nerely by superposing the first el ectrode on
the gate el ectrode. Myreover, the source wiring is formed sinmultaneously
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
Wi ring. fPmeErdiedinRnt, 0Gess nuf acturing an active matrix
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mi xi ng & fsirgedrity thist lecight wRerReieyddive moakR subs P98 gl ned. pattern can be

g p? ity it 2 e, € Opposing substrate are
i &gtogem%r. The overcoat layer is formed Dy an optical hardening, or a thermosetting

15 organic resin material, and materials such as polyimide and acrylic resin are used, for
example.
The arrangement of the spacers may be determined arbitrarily, and the spacers may
b . . .
¢ arranged on the opposing substrate so as to line up with positions over the connection
electrodes, as shown in FIG. 5, for example. Further, the spacers may also be arranged on
20

the opposing substrate so as to line up with positions over the TFTs of the driver circuit,

The spacers may be arranged over the entire surface of the driver circuit portion, and they

may be arranged so as to cover source wirings and drain wirings.

An opposing electrode 576 is formed by patterning after forming the overcbat layer

573, and a rubbing process is performed after forming an orientation film 574.
25 The active matrix substrate on which the pixel portion and the driver circuit are
formed, and the opposing substrate are then joined together by a sealant 568. A filler is
mixed into the sealant 568, and the two substrates are joined together with a uniform gap

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

between both the substrate, and this is completely sealed by using a sealing material (not
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phot osensitive material. Considering the thickness of the overdbdt AUGygmyof
1to 4 m the height of the spacers can be nmade from2 to 7 m preferably
between 4 and 6 m A gap is formed by this height when the active matrix
substrate and the opposing substrate are joined together. The overcoat

| ayer is formed by an optical hardening, or a thernosetting, 15 organic
resin material, and materials such as polyimde and acrylic resin are used,
for exanple. The arrangenent of the spacers nay be determned arbitrarily,
and the spacers nay be arranged on the opposing substrate so as to line up
Wi th positions over the connection electrodes, as shown in FIG 5, for
exanpl e. Further, the spacers may al so be arranged on 20 the opposing

subst r atsho¥@ iaghe diguraje AlfnuivhHicuis Ictysﬁiﬂl?mzﬁmﬁ:ﬂ hiebd bded @5]; th%hﬁlu?lﬂ 'drlr}%{acli
circuit. S er §; 18 rr r the entire surface of the driver
circuit por{]?lonp%%’d %hvg tha E‘E&q CE%F%WB SRIgY Vi st 180k GeS visrihngs and
dr ai n wicompdsted An opposi ng el ectrode 576 is forned by patterning after
form ng the overcoat |ayer 573, and a rubbing process is perfornmed after
form ng an orientation film3574. 25 The active matrix substrate on which
the ps xgEnfsdimnem 3nd the driver circuit are forned, and the opposing

substrate ar then oi ned together by a sealant 568. Afiller is mxed
into the seal A Stmeare %W@etaﬁ%"ft patri id grystal displdyalenind (Fuged)ubraingd by a

uni f or m gy, ERBioBia ety bt 0Rsciitel iR R (e RPBERES il o 7R Ehe!

mat eri al then injected betwe € Subs

conpl et EOPROBENTE CasTEspRRding dostbasd iy it e iasd désighat@b byhiensante Fdferchtgur e) .
“A‘known fyingighid crystal material may be used as the liquid crystal
material. The active matrix liquid crystal display device shown in FIG 5

: S t_h‘gs compn ¢heetpp \Eer[thbwdunfﬂiG 3A, th)mélrpmﬁw Qh@ﬂnhﬂ&:x%ﬁ%‘ %&ef@{ﬁalzx y
i qui usi ng odi men Wi
be desc(rilﬁ%Lft gllm]ﬂh ref "9%8 J'(ﬁ: (‘Jhgl?’ﬂéle rHW‘E&“?‘I“é is pandedy @ wigagrMnr s -

corres p@ndnctgmtgohet aasmal Mph € mRaBI0s WEE i@ﬁ@i&ﬂo@é’oﬁtﬁ@réﬁé@w’é% rEhiE) gr?d
numer al view shown in FIG t he pi xel portion,

dri ver §h? %g? gre ft&ﬂn%‘i? ‘Fré?t“’q ‘Hfﬁi‘t" SPBFtFﬁt?lapl ZJ@B‘* pGIVEHN AR X 3bRRG: @9?1 exd bl e
Print ed a@ioppusihy sibstReNSEH onaviikk h B8lof Bifkef Hd 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, t.e., 2
red color filter, a green color filter and a blue color filter. The arrangement of color filters

of these three colors is arbitrary.

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

breaking of the wiring from occurring, sandwiching the interlayer insulating film 158
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connecting the external input termnal 203 with input sectionsQar Albe 2005
respective circuits, and the like are forned on an active matrix substrate
201. The active matrix substrate 201 and an opposi nhg substrate 569, on
which a color filter and the Iike are formed, are bonded with 15 each

ot her, sandw ching an end-sealing material 568 therebetween. A
light-shielding film207 made of a red color filter or a lamnation film of
ared color filter and a blue color filter is formed on the upper surfaces
of a gate wiring side driver circuit 205 and a source wring side driver
circuit 206 that face the counter substrate. A color filter 208 forned on
the surf 8&,%#e pi xel portion 407 facing the counter substrate 20 is
prOV|deé SO t each of red (R), green (G and blue (B) color filters
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enhancedobstitated danyr&itbe:cuhagwnhgtzel 21The ‘5lrﬁg@098 By Raplehf t%éfc \Bherk MUt
term nal _203.in det.ai l a cross-sectional view of e external

t er mi nat S tgﬁllgﬂoﬁgﬁthwslgo&smg;@d bihide svifiag 71 ﬁoﬁpéﬁ of tiﬂemamllam@s the
pr ovi deﬂlrﬁﬁldchedém@tﬁth@fsoﬁr'&@“ﬁﬁﬁg e I'f&?etrf ggr MRS t "}ﬂ%ﬁh% E'?n {ng 211
ec r 0

formed of the  sape |ayer as that of firrst urce
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may be he FPC is formed by the base film 212 and the wiring 213. This wiring 213 and the wiring
209 formed of the same layer as that of the pixel electrode are bonded with each other by an
anisotropic electrically conductive adhesive consisting of a thermosetting adhesive 214 and
electrically conductive particles 216 dispersed therein, thereby forming an electrical
20 connection structure.
On the other hand, FIG. 7B is a cross-sectional view of the external input terminal
203 shown in FIG. 7A, taken along the line of E-E’. An outer diameter of the electrically
conductive particle 216 is smaller than a pitch of the wiring 209. Accordingly, assuming
that the amount of the electrically conductive particles 216 dispersed in the adhesive 214 is
25 approprate, electrical connection with the correspoﬁding wiring on the side of the FPC can
be formed without causing short-circuiting with an adjacent wiring.
The active matrix liquid crystal display device manufactured as described above can

be used as a display region of various electronic appliances.
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constituted by either the wiring 211 or the wiring 209. For efdm& 0% the
case where the external termnal section is constituted by the wiring 211
fornmed of the same 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 formed by the base film 212 and the wiring
213. This wiring 213 and the wiring 209 forned of the sanme |ayer as that

of the pixel electrode are bonded with each other by an anisotropic
electriC@{lg conductive adhesive consisting of a thernosetting adhesive 214
and el et %ﬁFW?t%bnductive particles 216 dispersed therein, thereby

form ng an elpgd §diRAl t] ture. . the .ot her hand, FIG 7B
is a cross-sectional r\??@\% %@9?%& déx efg‘thtg%%i frli'p%f“b%?a "ﬁa{l Cd”Z'B%aBHq'b‘?%tq A FIG
7A, t akeftilaripnytpaaisplaedoficEwihounmniofitrdrer chamretoarrimf pideesse! @Ftthd 6alek Y

conduct i ticl 16,1 . thap a pit.ch of e W ring 209.
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connecti t\“ﬁ tshatehfa 1SQF €S orﬁdi n i.ring on the side of the FFYQ can be
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matri x | sufpsiratecusgdt ok adirﬁ@érﬁiﬁsidﬂfﬁeﬂiﬂﬁiﬂ%@@tﬁpHi’s?lagsdvﬁﬁé&‘i§ heg %Qg‘&gn an
be used as a dis [ of various el eCtroni ppl i ances. 5 UuGcG
2005 [E%E%FW%%%T%‘%Q%&-W matrix substrate manufactured in Enbodi ment
-1 can be applF®dhd Bafufab@kd SCihE QR i i i.L hout further
manuf act uri_.ng pr ocegs. an thetth(‘%tg Eté$é/ﬁﬁg%ds% Blkt?]:}f%,ﬁg(yl&%g%ﬂﬁhg? é Péggéés up to

t r andfi s‘gF 6PIRa98 afiaggnicthale reachimigsyreaycateluiioe ldyer iscobéudedrdollfwitigihed, a
pi xel elgeks i; o] ' . e pi ortion may be forned
of a tralﬁgpas?gﬁtﬂﬁgl%eﬁé&r%gtd{eﬂﬂeﬁﬁg |§6ﬁei]%%%§|{ ﬁ]\tg%[r?é)eai(%eﬁﬂﬁ(%m&?aw&ﬁﬁ? AGY i ng
an act i W@ FHkandthssonaeaegiseds gate viringBOONsS h @Onhaatien | dlettiode IO Sthal

0t 2 e B BT BBt L T o WP SR o
1o the fdeqtmtdesnndfwiangonteastitained ey toagingng de@ABIBOAHIGER e hRAYA HIHSby
condygt & uttfex%llgl gr\lvzarc]:gur%ggaporation 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
1s 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
25 made of an organic resin material, and has a portion overlapping the connection electrode
301 of a pixel TFT 404 so as not to be through a contact hole, thereby forming an electrical
connection.
Alternatively, a connection portion may be formed in the following process. First, a

transparent electrically conductive film is formed on a second interlayer insulating film.
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process of Embodi ment 1. Next, the connection el ectrode 165 fof Zcdniedtling
the source wring 137 and the source region, a gate wiring 300, and a
connection el ectrode 301 for connecting the drain electrode and thé pixel
el ectrode are formed (FIG 9A). These electrodes and wirings are obtained
by formng an electrically conductive nmetal filmby 15 sputtering or vacuum
evaporation before patterning. The structure is described in detail wth
reference to FIG 9B, taking the connection electrode 301 as an exanple. A
Ti film30la is fornmed to a thickness of 50 to 150 nmso as to forma
contact with a sem conductor |layer that fornms a source region or a drain
regi on olf an Jj sl and shape sem conductor layer. An Al film 301b is forned
to a thiCKAeYEGPYHmIRS rarmeRhintbemeichiog deetnieap atehrondiicttd tofodkhe pardl 20

then a Blectiola) B0 %EenH t j it de. (Ti filmis fornmed thereon to a
t hi cknesseco,f 100 0 éz%%“ n‘%@gh ggsnf(%}lé&e(r:c)ib a?snneét’\é%)rqepllhéqq Weaniact &e{eu%.
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not to einghy bydrbchiosiontRictypb8bRitiohNeSigkY a fQsdeng 1&@1;/61'0684 griggﬁlued in the
connect i on. Al%tte@rﬁat |q\fel Yy, .a .connection portion nay be for hothe

fol | ow 883 %o ). apglloy of indipmpydde prdvtine puige (1ne@L-Zp0) omduaternativelyl e i s
‘formed asectosiafReN: he bk baAghiiRL | ' A 005 _Then,  after
a patterning_.treatnment an I?E?Cet chilﬁtg S%]rggé;ﬂth%rg}r%?;gfr%d@%g’glgf%@agtzg’cfod‘?% t he
pi xel? & SEHeRtd syunhecesainesiznasy as woll s othesndl stabrdity socampared whish IO, iy ough

t he conyaesf MMekAoPYf indRiH LR Biet ' | ectr [ rtial contact
with the pixel el gctlrnode. %\5 eﬁﬁéﬁ@@‘zﬁ% éa%%"?hcgt%f: r“gﬁﬁfaaﬁ’éﬁfﬂ%v ERRIAFIEN | y
conduct theepikel ehgctioddidfoosthaiend fane 0Bthe camatibogleofrod OB LM Gudxd egrane tin
oxi de ( k&helRon SROn . qr the. |like can be for by using sputtering,
vacuum evgpglrj.'a'?:iq_%l agg’o%lﬁg lelsieel.s kP %f&’ﬁ?bﬁ%“{a&égg‘é‘n%eftfﬂm@ﬂEﬂ fﬂﬁ‘%téﬁilgﬂ s is
conduct ednduetivadilmg Ia adgiionc binorixideaoiwhitl pRISAH (@d) 90ad BdNZACRGHESIdYe i S
likely 1,0.P8 general §d in the Ft .cﬁjlénﬁ of ITO an alloy of indium oxide and
zi nc oxi de (11, 0., - ZNUidy APt et g'étl %Fdlﬁ‘{? clgrbrdenl conqdunsiveve the et ching
processabi | i FIG. 25 isagop iewedf Opixell THIHKIsRA A6 RIS 31D aB%b8%ure ratio of
about 56%. The components corresponding to those in FIGS. 9A through 9C are denoted
by the same reference numerals.
FIG. 9C is a cross-sectional view of an terminal portion of a transmission-type liquid
20 crystal display device. The external input terminal provided on the side of the active matrix
substrate includes the wiring 311 made of the same layer as the first electrode and the source
wiring and the wiring 309 made of the same layer as the pixel electrode. Certainly, it is
merely an example showing the structure of the terminal section; the external input terminal
may be formed by either the wiring 133 or the wiring 309. For example, in the case where
25 the external input terminal is formed by the wiring 311 formed of the same layer as the first
electrode and the source wiring, the overlaying interlayer insulating film is required to be
removed.
The wiring 309 made of the same layer as the pixel electrode has a triple-layered
structure of a Ti film 30_9a, an Al film 309b and a Ti film 309¢. A treatment for forming an
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to is excellent in surface smoothness as well as in thermal st dbil 'N-‘ﬁ 4405
conpared with I'TO the wuse of the alloy of indiumoxide 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
(&) is added (ZnO Ga) can be 15 used to enhance a transm ssivity of
visible light and an electrical conductivity. FIG 25 is a top view of a

pi xel . The pixel shown in FIG 25 has an aperture ratio of about 56% The
conponents corresponding to those in FIGS. 9A through 9C are denoted by

t he sameoxied ertbecagionwaeal Al is Ex5se8G édndaceiassr 88GHIRNR: o‘fictil‘}'é"(vf)rfn 2iho
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el ectrode andrét B%(fpurce wiring and the wiring 309 nade of the sanme |ayer
as the pixel '@t dermeshy tiehnse fiim 312 andwbe etiing 312X Ehpwarisi BV ngl thbe
st r ucs ureirib J300enidRIgr Q0L E al tnput termnal, nmay be
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wi ri ng 30gnepiga stfuctiie sane | ayer as the pixel electrode has a
‘triple-layer ructure of .a Ti. film309a, an Al film309 and a Ti film
309c. A trea?\ (rj?e%?gstcflggé f%?ﬁ?’n%‘eaa}?n% rﬁatﬁxA&H% raig logkingdhg manytactwrgi afna wher e
Al i 30 expBesidnitype dinghict toegbtalf display Ry fcer BBhhRTa&hrddh i fibd Ghdlaskth | hat
the Al f Im(§09b g%lbe prevented from contacting the pixel "electrode 303
to cause-mRodEeRLL While apactive mateiy subsprate; which cap e ygedt tow atiersemissiom 34 and

the wiriliygidLdystalEisyiay idegicd léinahe o i1 0 :HHQ% Q ape. | ayer
as the pixel g)fect rg%lygyar_e1 bonged m%}ﬁlf%g%fﬁho\!tvﬂgra%t ?ﬁ oug I 'glr?tt%ﬁ?sz(ofg%&pi o
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el ectri GRbdexs GOMAVEE E¥BoBAd A, SecPLndlhSRe! 25 PR S FhindigLSty form ng an

el ectlsri cal connection structure.

[Embodiment 5]

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

a high reflectance as well as a low wiring resistance.

This embodiment can be freely combined with any one of Embodiments 1 to 4.
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As descri bed above, the active matrix substrate allow ng the rﬂa%uméfbtagp% of
a toreflection-type liquid crystal display device is manufactured with
five photonmasks in Enbodinent 1 while an active matrix substrate which can
be used for a transmission-type liquid crystal display device can be

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

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

[ Enbodi nent 5] In this enbodi ment, an exanple where a | am nate structure of
Ag and Al is used as a second wiring is showmn in FIG 10. The structure of
Enbodi n@m bolilnSpd flentical with that of Enbodinment 1 except for a second

W ring ttern. ly a part different from 20 Enbodinent 1 will be

ﬂeS(r:]rl bed be%mmxarmpietrhwﬂ;mmrdfﬁﬂi’mtmrefoﬁ aame;ia& gna%tli CABRLY Fe dﬁ%{s *erﬂqfaaA%ng a
igh r u aw el ectrode draw 6 e

i sgmanu({!fI ﬁ@%‘?@&%g# &.ﬁ ’ﬁﬁ%‘ﬁf@f@EWﬁ’Pﬁ”ﬁem&‘Xéﬁl refpisnee t@dTéIG dlconnecti on

el ectrode anldavegadifcuid ssmgavﬁﬁgaﬁ l@g&@ cf}%n EBRW?: 893 &%o%(a%m gﬁgﬁb}h\%ﬁ?ql e a

OW resi's

el ect ri conductive |ayer
| ayer @gt%gg a%aé?f’oé‘fié’c‘f%ﬂéﬁll TE/T §6hohmdt3| Saelﬂllagerrcmoaﬁanmdagmﬁga 8écoadmai n

co onent:hzhﬂ;\él"[l j ion allows the
reg}j i zzé gﬁgggt?@ea ﬁr%g{'l x su ratgg%gmﬁgi i@%?&‘f‘m"‘?'@l‘?@éﬁﬁ%@ras
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exanple in \%/r?l ch a s{a %ﬁ%ﬁ%lr‘cgm 573%“38? V‘émﬁﬁfcg‘la;?a g&fergé?tt@'%icﬂfté’tfs from
that | oF bESBoGIrmERtam the FXP] af el sampE estcor B566badidmy rf?frﬁise:ﬁP%n&lB%H G
11. A diJidgr circuit 857 having a logic circuit portion 855 containing a
first p-channel 5 TFT 850 and a second n-channel TFT 851, and a sanpling

circuit 856 TheseTFToarcfosaedbd fo:rﬂmﬁga:ﬂ@@fleﬁﬂuﬁé @%d sGult ¥lio rdh[ fn 858
havi ng L Bhé(eand;r}gi— 853 and a, st oLage capacl tor ar e
active Harrx Pregions foigland s Fﬂ’@enllfoﬂdlﬂfﬁ?@riﬁlef%soi hTES(Dti)gn e baee flhnu t
porti ?60835nmfd dﬁhﬁsﬂfstrﬂl@YSOQl T8 bhscHafm ARl 18 istndishGht derddGilldtorfayl &b
regis cui
Pfo 51m11tar to those in Embodiment 1. Gate electrodes 809 to 812 formed on a gate
15 msulatmg 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
incresre reliability of n-channel TFTs, and on-current degradation due to the hot carrier
effect isrprevented by the LDD regions. Regarding the LDD regions, ions of the impurity
clement are accelerated by an electric field and added to semiconductor films through edge
portions of the gate electrode, and through the gate insulating film in the vicinity of the edge
portions, by ion doping method.

D
wh

A first LDD region 835, a second LDD region 834, and a source or drain region 833
are formed outside a channel forming region 832 in the first n-channel TFT 851, and the first
LDD region 835 is formed so as to overlap the gate electrode 810. Further, an n-type
impurity element contained in the first LDD region 835 and the second LDD region 834 is
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a buffer circuit, and the TFT of the sanpling circuit 856 basi caIUIX/ Aldis rpg05
an analog to switch. These TFTs are formed by form ng channel form ng

regi ons, source regions, drain regions, and LDD regions in island shape
sem conductor |ayers 803 to 806 on a base film 802 fornmed on a substrate
801. The base filmand the island shape sem conductor |ayers are forned
simlar to those in Enbodinent 1. Gate electrodes 809 to 812 forned on a
gate 15 insulating film 808 are formed having a tapered shape in their edge
portions, and LDD regions are forned using these portions. This type of
tapered shape can be formed by an anisotropic etching technique of a W
filmusing an | CP etching apparatus, simlar to Enbodinent 1. Further, a
sour ce v&?ghfﬁgn Hesesen! IaDE) €898 %F@é@?%@éd(féﬁpmmmefdhetd)tqkod&s)of tl&]ﬁp;ﬂ&ave a
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second ﬁ%%%nj P&é?&,g t%% dnévgﬁ?hcaeg&&d%uﬁtxléé‘p‘é# t@ége oyfsiden, ﬁﬁlé%mt?utm de
a channefbnhmgrmggmrmm%aﬂedn the first n-channel TFT 851, and the first
LDD re|0n8 i s f s.to overlap the gate el ectrode 810. Further,
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channel is pddad tnghe shindshg28semdcanduotonigyer 807, and the voltage applied to the second
15 electrode can be made lower due to the low resistivity. )
An interlayer 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 insulsting film with an organic insulating material. Further, organic resin
materials generally have low dielectric constants, and therefore parasitic capacitance can be
reduced. However, organic resin materials are hygroscopic and not suitable as protective
films. It is therefore preferable to form the second interlayer insulating film in combination
25 with the first interlayer insulating film 816.
A resist mask having a predetermined pattern is formed next, and contact holes for
reaching source regions or drain regions of the respective island shape semiconductor layers
are formed. The contact holes are formed by dry etching. A mixed gas of CF,, O., and He

is used as an etching gas in this case, and the interlayer insulating film made from the

33




The pixel TFT formed of an n-channel TFT in the pixel portion 8532 $Uo?iiid
by a multi-gate structure with the aimof reducing the off current, and a
first LDD region 843 10 overlapping 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 fornmed from an

i sl and shape sem conductor |ayer 807, an insulating |ayer forned fromthe
sanme |ayer as the gate insulating film 808, and a second el ectrode 815. A
p-type inpurity is added to the island shape sem conductor |ayer 807, and
the voltage applied to the second 15 electrode can be nmade |ower due to

the | tivit | at fil f d of a first
it or |y STEATR PTG B TP oL (HBUGE GImS Db 0Bc it made
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818 to SZBPU@TYMWN&Q @ctppadm 8PVing as gate electrode and activating this portion, the first
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 a contact hole but merely by
superposing the first electrode on the gate electrode. Moreover, the source wiring is formed
20 simultaneously with the first electrode. This allows the utilization of aluminum or copper

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

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

capacitor 954, are formed on the active matrix substrate shown in FIG. 12. The TFT of the
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a gate wiring 826 and a connection electrode 825 are formed by etehjing.;An
active matrix substrate having the pixel portion with the pixel¥ Structure
as shown in FIG 1 can thus be formed. Furthernore, the active matrix
liquid crystal display device shown in Enbodi ment 10 2 can be nmanufactured
by using the active matrix substrate of Enbodi ment 6. Mreover, although
the exanpl e where the gate el ectrode and the source wiring are

simul taneously formed is given in this enbodi nent, another mask may be
additionally fornmed and the gate el ectrode and the first electrode may be
separately forned in different manufacturing steps. Specifically, a

portion Iagietir&pppﬁgldnh%SB@mlﬁmtc%uit %@%M}é thlcﬁlt L3ch 95 §esf1}f?re%§st8' gate
electrode is firs . After successivel ing an n-t type
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this pogditem, the first electrode is forned so as to overlap the gate
el ectrode. At this point, a contact between the gate el ectrode and the
first elect rBﬁl'éthesaqtﬁ’ler@@inﬁo&ut)watﬁ(Shmvngnaﬁrnbmharcm Aph dakafilmred0el iy fhyt

SUPeTPOS it LK bic ORI ANALDE FRLE S BIOAS, cbLEQVer. [ e sour ce

wiring is formed 20 sinmultaneous
t he uti PRyiagiaohickness ohb® w260 m:mpi[xéand ﬁmmgn@cdn@mmewﬁtsammagomieerl al

of the ng. t he sour.ce nt 7] Anot her

exanpl e@@&h@%ﬁﬁghﬁy% Ewgtsﬁ?léc%’fm%fﬂm%&??r&@ %ﬁi’f ‘Sbggég‘t%stt%”‘é?tquéﬁ”s from
25 t hat thefmEiricogitaibizdtioh. i A exapd ahsuealinen FRADOOR T8 YormedV drh theLiRIRNSRafe0 FI G
12. A drjver (gl rCr-l-*gt 957, havi n%g | ogic circuit portion 955 conprising a

first p CHERRBFIOMRYgs AL HAPY Y Slamicht N HABAISTIETYPSSDR duptivity, & muyng
ci rcuit pb@ﬁmbﬂfhsﬁlﬁﬁlsftﬂérf@%cﬁfve@ ad&é‘&fbrlﬂe RN RSN se-ﬁfgo&ﬁx%tor"{’zggasa‘) pand

portion 6 8 havi_.ng pi xel TET 953 and a storage capacl
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circuit fpeistd Qhrage foP& gr 4 cult such as a
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circuit 956 fasicdentioges QQSHQ 943, aa:natbragale@mdt«:cﬁd:apaﬁmcur aiemeroae)%ﬁeamgomm
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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 to 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
foruted in the first n-channel TFT 951 z::7 in the second n-channel TFT 952, respectively.
AnLDD region 939 of the pixel TFT 953 is formed in a self-aligning manner using the gate
electrode 912, and is formed outside a channel forming region 937. Asource or drain region
938 is formed similar to the first and the second n-channel TFTs.

25 An interlayer insulating film is formed, similar to Embodiment 3, of a first interlayer
insulating film 916 made from an inorganic material such as silicon oxide, silicon nitride,
or silicon oxynitride, and a second interlayer insulating film 917 made from an organic
insulating material such as polyimide, acrylic, polyimide amide, or BCB (benzocyclobutene).

A resist mask having a predetermined pattern is formed next, and contact holes for reaching




thermal crystallization. A gate insulating film908 is forned oﬂztfém?samasnd

shape sem conductor |ayers. An inpurity el enment 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 ixIO6 to | x1019 atons/cm. Gate

el ectrodes 909 to 912, a second el ectrode (capacitor electrode) 915, and a
source wring 913 are fornmed by a material having Wor TaN as a
constituent. The gate el ectrode, 15 the second el ectrode, and the source
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Embodi meRfred:. CRRk BxEPTRE 9¥BNYE 38 tLlﬁls(gtngture and is formed by multiple gates, and a
structure thereof aims to reduce the off current. On the other hand, the p-channel TFT is
formed with a single drain structure, and impurity regions 929 and 930, into which a p-type

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

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

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

to serve as a gate electrode is first formed. After successively adding an n-type or a p-type
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the active matrix substrate of Enbodinent 7. The first n-channé]ZT&HG9Em50f
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
to 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 prevented. An n- channel TFT having this type of
structure is suitable in buffer circuits and shift register circuits. On

t he ot her hand, the second n-channel TFT 952 of the sanpling circuit
portion 956 has a structure in which a GOLD region and an LDD region are
formed on the source 15 side and on the drain side, which prevents
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the active matri x substrateshown in FIG 12 has a structure which, in
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char act WQW‘(E%“& reliability of each circuit. 15 Moreover, although the
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by super posi n§ HRERY e S gSf@PaFtGr BREtgonggemiupdeoeiayer he
source W02 mgyd & Saﬁamttﬁ’ﬁdectrode 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 2:cl the gate wiring 1007 on
the same insulating film.
In this embodiment, an impurity element for imparting an n-type conductivity is
added to impurity regions 1012 through 1014, as in the pixel TFT. This structure can be
25 applied even for a large size display panel such as 10 inches or more in dragonal.
Moreover, although the example where the gate electrode and the source wiring are
simultaneously formed is given in this embodiment, another mask may be additionally
formed and the gate electrode, the first electrode and the capacitor wiring may be separately

formed in different manufacturing steps. Specificaily, a portion overlapping the
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5 simultaneously with the first electrode. This allows the ut il 2 zA¥F o lbf
al um num or copper having a |low resistance as a nmaterial of the first

el ectrode and the source wiring. [Enbodinent 81 In this enbodi nent, a pixel
structure different fromthat shown in FIG 1 is showmm 10 in FIG 13. A
cross-sectional structure thereof is shown in FIG 14, illustrating a cross
section taken along the line of A-A and a cross-section taken along the
line of GG. Only the structure of a storage capacitor is different from
that of Enbodinent 1, and the structure of this enbodi nent other than the
storage capacitor is substantially identical with that of Enbodinent 1. 15
In this %nbodl ment, the s oragse capacitor is fornmed by a second
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Embodiment 9 represents another method of fabricatin g 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

A

catalytic element, that is. disclosed in Japanese Patent Laid-Open No. 7-130652, can be

20 applied. An example of this case will be explained below.
Base films and an amorphous semiconductor layer are formed to a ti:ickness of 25 to
80 nm on a glass substrate in the same way as in Embodiment 1. An.amorphous silicon film,
for example, is formed to a thickness of 55 nm. An aqueous solution containing 10 ppm,
calculated by weight, of a catalytic element is applied by a spin coating method to form a
25 layer containing the catalytic element. Examples of the catalytic element include nickel (Ni),
germanium (Ge), iron (Fe), paltadium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt),
copper (Cu) and gold {(Au). Besides spin coating, the laye'r 170 containing the catalytic

element may be formed by sputtering or vacuum deposition so that the thickness of the layer
of the catalytic element is 1 to 5 nm.
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5 formng a contact hole but nmerely by superposing the first 812 MG dBl%on
the gate electrode. Mreover, the source wiring and the capacitor wring
are formed sinultaneously 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. Furthernore, an n-type or p-type
inpurity elenment is added to the portion of the sem conductor |ayer
overlapping the to capacitor wiring to increase a storage capacitor.
According to this enbodi nent, the active matrix substrate can be

manuf actured by altering the mask design of Enbodi nent 1 wi thout

i ncreasi ng the nunber of nmasks. This enbodi nent can be freely conbined with
any one of BfubeiFmsiatlization step, hepstr¢ammndi remduceid fisbadiofens0F G fpremeant s
anot her j j ! m.conductor |ayer for

f ormi ng ! Fﬁ%@gﬁ%gﬁﬁggéﬁfﬂt% 8? h]gfa ﬁ{oﬁéﬁ%‘fhb nt% ﬁrél 1%@%’3\5%& fodiod gS?X?ﬁH?Pr at e
repr esep@iunty Heaouneating id thehronthicedinbonlitrogat atrhdwphereys 580 ké sa0i® et hod

using a i € e t. that i.s. disclosed in Japanese Patent Laid-Open
No. 7-1 otég%%éégn&ﬁgde ULRAGE | 2RI 8% ﬁSfCWP@“&%@W uckoE 1a¥ss) ai ned
bel ow. Bawprifingrthe amystalinaniicphdilsn semibeoststaigkorinl @y erdaare wWigl fRMabR e

t hi ckne%% 8§ne2 too 80 nmon a glass substrate in the sanme way as in

Enbodi ment 1o Q%r‘phous silicon film for exanple, is forned to a

thi ckness of Bpfornting e idaptbeuscaiugior iye R HRIcHG tal Rn R Micoridboi].96Rd by
wei ght, tic elenment is applied by a spin coating nethod to form

of cat al )
a 25 | a%PU%SWtr%(? ﬁgﬁ%ovﬁﬁee‘é&tﬂ&fim RCUNE GRAtHK sulpstrtgeasbercompletedasiatilarliyc
‘el ement td B@bodigndiit ¢K elowehey, i i , ifla I ' Rd) ,
tin (sn). lead (Pb). gqbelgﬁ’_ " ;%%H%?g%{ﬁ%ii)a@&é%@?m fg@rﬁ’g{%@ﬁd
(Au)l0 B esalligptiprcefatiliony is uked, payal anmant taboat hixrid'ttodl x40 3 latamecmd)l enent
may be HYE4 ; | : . it the. t hickness of
Tha T ayor HEXAANE Rt 1Rl BRI 5P Stabl Bt B9, I BhESTRE Y he
cryst al Ppssatle ¢ cempjste Heal FT imatanemstaies buin duipteéatrdd tostmabe 400rdnmiBRQC f or

about  1h [ nt of the anmprphqus silicgn filmis :
| owered t OR'H%F E3?‘: élté?rg)rnp %{tﬂg%gﬁ% %][%8%1%%5 “‘ag}ﬂlé’”hngé’?ildée PRER VINAEEY8d in a
ni t r ogethincatalyphelement is5bMhetns B pdiering kifeot & gtouptorons{me a furnace
annegl i ng ovgn, The Cryst al|i ne sgm’ %ondu of I gyer 3
1 gettering {reatment with phosphorus ﬁ’ or tmis purpose can be conducted
simultaneously with the activation step explained in FIG. 3C. The concentration of
phosphorus (P) necessary for gettering may be approximate to the impurity 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
L TFT and the p-channel TFT to the impurity region containing phosphorus (P) in that
) concentration. As a result, the catalytic element segregates in a concentration of 1 x 10'7to
1 x 10" atoms/cm’ in the impurity region. The TFT thus fabricated has a lowered OFF
current value and has high crystallinity. Therefore, a high field effect mobility can be

obtained, and excellent characteristics can be accomplished.

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

[Embodiment 10]

In this embodiment, a pixel structure (IPS system) different from that of Embodiment
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5 conprising the crystalline silicon filmcan be obtained in acgar dedi €5
with the above nentioned process.. By formng the island sem conduct or

| ayers fromthe crystalline sem conductor |ayers manufactured as above
menti oned, an active matrix substrate can be conpleted, simlarly to
Enbodi ment 1. However, in crystallization process, if a catalytic el enent
for pronoting to the crystallization of silicon is used, a small anount
(about 1 x 10" to 1 x 1019 atonms/cm ) of the catalytic el ement renains
within the island sem conductor layers. It is, of course, possible to
conplete the TFT in such a state, but it is preferred to renove the
remai ni ng . catalytlc el emrent fromat |east the channel form ng region. One
of the medhshosfn drbuilag A elsssativabiytiuctuet Brepedf if shoawmTRArs. U6] xmgstgﬁtﬁrg)eri ng
effect o ering, treatment with phosphorus for
thi s purfg{c??‘%g?g?”ﬁé"gﬁ%‘%@é%% § A ARAFS R op ik e s

expl ainedlin FIG 3C. The concentration of phosphorus (P) necessary for

gettering May- OXI e to the i ity concentration of the high
concentration H%Fﬁrrgﬁfi it ﬁ%‘f’%ﬁ“ e"ﬁ'i%ﬁlﬁﬁr ?‘Fﬁ@&lmﬁﬂxé‘ﬂ“{drféyséﬁﬁlmﬁdm@t ep

can &l | ofiett IRS @mPhdnetSveitadi tei@alSE efelad © LN LbG
regi on oa.aeBﬁ%%channe%l 20 r_?_ggepﬁ ndqt he p-channg'a TFIT tgpét] H?%}%IS%E"{[% ‘egi on

cont ai ni Homus © ?f)acﬁeﬁs?%éﬂ that a ksl telestiodn anAg commenlwiringtage both

cat al yti €oreledn@néns 60t @gRtESubstrAe
atoms/cm,.in the ? ur?té reul on. chgwﬁiéir%?tﬁtégﬂf@%ﬁ%clgtaégh &agl %%P%wé]g OFF
\dl

current GHFCHON, IS HEpsultit 1Q§1gyt§t1&llal &Xﬂst%f liqUideargstalrmmoleculhs gre cbnebkllecEn‘oﬂ&Ct
‘mobi |t YOﬁ@xﬂe@%ubéQMt?ng%r%}?cn% ERE G fctﬂgg%gt%%lsﬁhg%ﬁ# od’n‘éf e 1PSe

acconpl i shed. 25 This I ment can reely co
st r uciOur &YséTm e8I R Vigwing angls tabe[lﬁrrbmtdrrent 10] In th| s enbodi nent, a

i xel struct e t fr.o odinent 39 0

2005 1is shgfmeﬂlﬁnalgl %yﬁr&g@n}{g@&uc IS8 18?5{’&5‘5 Pﬁélf’ FECTERES apmerad léﬂbwn in
FIG 16, stdondsemipndgrtonlagerdssl 108c4 fien eleaitede &) DI@4, bREcIHdE@oddbh1185d a
Cross-seg

exanpl e o fsogr[r(}e;vglkll%gebalngﬂ% zghg?qt%:\ﬁqgng pyglé]ll‘? m%go;yggbg\%gi{cg/e {lltOSSatln%WlleaQn 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 paralletl to the surface ~
of the substrate is generated. The common wirings 1108 and 1109 are placed so as to
overlap the source wiring 1106, resuiting in improvement of the aperture ratio of the pixel
portion.
As shown in FIG. 16, the first electrode 1104, the second electrode 1105 and the
20 source wiring 1106 are simultaneously formed on the insulating film covering the first
semiconductor layer 1101 and the second semiconductor layer 1102. The pixel electrode
1111, the connection electrode 1110, the gate wiring 1107 and the common wiring 1109 are
simultaneously formed on the interlayer insulating film covering the source wiring 1106.

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

(1]
Lo

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

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

Increase a viewing angle. The storage capacitor is formed by the second semiconductor
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5 of an IPS (In-Plane Switching) system (also referred to asfid Kobi zidint al
electric field systen). The IPS systemis characteristic in that a pixel

el ectrode and a common wiring are both fornmed on one of a pair of
substrates and that an electric field is applied in a horizontal

direction. As a result, the longitudinal axes of liquid crystal nolecules
are controlled to be oriented substantially parallel to the surface of the
substrate. The utilization of the IPS 10 systemallows a viewing angle to
be increased. In FIG 15, a first sem conductor |ayer is denoted by the
reference nuneral 1101, second sem conductor |ayer by 1102, a first

el ectrodgydeyl 1020he thsBREARTIIR] @@%%&&Q%ﬁ%ﬁ&éﬂ%&@@%&%ela%rrlftg) BYq1h96. a

gate wiring be{ 1107, commdn W rings ; nnect i on
el ect r ob&¢ ectrpdedABS aThe sespnépleetroaribl (5yis ditditicalThenrpiexied teh gare nadeg 1111

and 15 t Y] bl [ | aced .so that an electri.c

field pgrit T gjacte x%"s”ﬁ?ﬁ‘eé%g’?mgpg?%%h%%%%ﬁg réﬂp%”t{%ael?'ﬁp&fm%ﬁ‘é“’é‘éfﬁmn

Wi ri ngs atidedtaihd seaoel wrecpiducta laxerd302.0 overlap the source wiring 11086,

“resuliing i nqhORE 0 he er.ture rati o af e pixel portion. As
Show | nor1 G RRREERRCe e BRElinds g Beyhulaed Bh Rk B miuiicrinse and

the 20 poeesses thiat bhBmibb@nand withiid dnages the iiskeRAuem i EmboaHeatt ng film

covering the fir sem,conduc | ayer 01 and the second sem conduct or
| ayer 1102. ﬁf&rgf&éﬁa&e’fh@é’ﬂ B’dtl%srll%l?n arehiaeed by usingdtmbedimenn d, a t he

gate wi figugd &§&7] disyslay bevieORMBMINGTty1He thtBDdAeEeribel @HE&%@%& fltﬂé gg on
thelntg)rla%er.l‘gsul ting filmcovering the source wring ) e~first
‘el'ect r o PEMAHPIXES $isBietdeddrm lighUnmisenearale filies prvidedanthegourt@BubSiage f i r st
25 electin adenildiQda j Y ' ; 1101 functions
e o e R L 2 R R IR KD Rl s W o
in this NEREASHY IR AEter ATherigntriédn tredtment akthatitea cormon el ectrode may have a
V-shaped el ectrode structure to further increase a view ng angle. The
storage capacitor is formed by the second sem conductor 40 02 AU6 20 55

| aver 11Bmbodimentddidl ating fil mcovering the second semi conductor |ayer

1102, 20 1 LS R i T 5 SRS Bt
an i Mpurtimodiinenel isfshowinipdiGL 0Y. A @oisyReticeNduatiud th¥reo$ 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’. VOnly the structure of a pixel electrode of this embodiment is different from that
of Embodiment 10, and the structure other than the pixel electrode is substantially identical
with that of Embodiment 10.
20, In FIG. 17, a first semiconductor layer is denoted by the reference numeral 1201,
second semiconductor layer by 1202, a first electrode by 1204, a second electrode by 1205,
a source wiring by 1206, a gate wiring by 1207, common wirings by 1208 and 1209, a first
connection electrode by 1210, a pixel electrode by 1211, and second connection electrodes
by 1212 and 1213. The pixel electrode 1211 and the common wirings 1208 and 1209 are
25 placed so that an electric field parallel to the surface of the substrate is generated. As the
pixel electrode 1211, an electrically conductive film (an ITO film or the like) having a light
transmittance is used. An additional mask is provided for patterning of the electrically
conductive film having a light transmittance, so that second connection electrode overlaps

the pixel electrode to allow electrical connection. An electrically conductive film having a
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added to the second seniconductor |ayer 1102. 5 The pixel str@iltd¥e St his
~enbodi nent can be obtai ned by the same manufacturing process as that of
Enbodiment 1 with the change in the mask pattern of Enbodinment 1. After
the state shown in FIGS. 15 and 16 are obtained by using Enbodinment 1, a
liquid crystal display device is obtained by the nethod described in

Enbodi nent 2. The gap between pixels is shielded fromlight by using a
color filter provided on the counter substrate 10 in a simlar manner as

i n Enbodi nent 2. However, since the IPS systemis enployed, it is
necessary to alter an orientation treatnent and the |ike. [Enbodi nent 11]
In this enbodi nent, a pixel structure of the IPS systemdifferent fromthat
of 15 EHYHRRERIaREE issserthasithe | lﬁe]-‘eu@trom t0 tm;omOSSn sEeturonab. Mdbeid §e

t her eof cro section taken along the
e o 5OROR Weirings TH0Y and A20b ard RlcBh s o ©PTiRe TR tourcemigng Hd06 10

structur@P@@V@aIpapwurel‘zﬁmtasfaﬂepm‘el paoitisnenbodi ment is different fromthat

of Enbodi rrent ) e ucture other_than the pixel electrode is
subst anti al | y i gr‘i‘f}’l gtlg \}\E’tthe fﬁé?le@fro i Srecam! elegradg 1206 the Fourgef i r st

sem conduingr 128§ esrei s;ﬂﬂmnb@@hlﬁWohh@d r &f QB@%&IHH@%B@% ]z:%%n%% d:‘ﬁgoﬂr i

sem conduct O%%{Y r # ? a first electrode , sec el ectrode

by 1205,“T4¢ Fgoé IGX% il é B9d 1bgecond g%mé‘fomimqtméw 12037 Momqmn thd fitsngs by

1208 toha & t b
ando ion2elédtfodle 12¢60N0E Btb%ggEQQBquﬁg%méﬁkgilﬂgéBbi ﬁ’ S& ro&i € oy

1211, and second connection e ectr
el ect r ofONRectionglertsodes EdlAand W12 ﬁfﬁg?smmlm&oasid fARNQ carthe %rlﬁyéﬁ@dul%ﬁng hat

an: el ectfijlipfcdiedin tp@g@] }:@{N surface of the substrate is generated. As
t he gl xel el ectrode ) lﬁ%iﬁctrl cally conductive film(an ITO film or

the B¥ke) havihgdint bieghode 1 2&rh sneleciaicsRy icsnnssed. :oAmeagieh Wignal 20Rsind 8
rovi de electric conductive filmhaving a |ight
'Ito r ansni %Ogﬁ%%g%g?{ﬂ é’gé%?.gﬁ%%{ BPl“(&ﬂL%ré‘—‘éf%'&en Q1 laysg lzphéufkﬁ%ﬁ@éﬁ )

el ect rode atgatatieawndd. ectri cal connection. An electrically conductive film

havi ng a 41 S i ht transmttance is used as the pixel
el ectrode tog}lﬁ’prgbg’ %é%gﬂ%rs hed mixglie g"tr%ﬁ"@o‘&‘@wﬂ ip fiels embpisrenti the piys! 1208

and 120¢latredpllatkandscammion eleabia malhavs 9 Y- afaphl P d28 ke 1d ARRQYE an

aperture ratio of the pixel portion.
p tlu mceredse av1ewtmg arP p

The storage capacitor is formed by the second semiconductor layer 1202, the
insulating film covering the second semiconductor layer 1202 and the second electrode
1205. The second electrode 1205 is electrically connected to the gate wiring of an édj acent
pixel. Moreover, an impurity element for imparting a p-type conductivity is added to the

20 second semiconductor layer 1202.

The pixel structure of this embodiment can be obtained in the same manufacturing
process as that of Embodiment 1 if the mask pattern of Embodiment 1 is changed.

After the state shown in FIGS. 15 and 16 is obtained by using Embodiment 1, a liquid
crystal display device is obtained by the method described in Embodiment 2. The gap

25 between pixels is shielded from light by using a color filter provided on a counter substrate
as in Embodiment 2. However, since the IPS system is employed in this embodiment, it is

necessary to alter an orientation treatment and the like.

[Embodiment 12]
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As shown in FIG 18, the first electrode 1204, the second el ecyyrpdg; 1265
the source 5 wiring 1206 are sinultaneously formed on the insulating film
covering the first sem conductor |ayer 1201 and the second sem conduct or

| ayer 1202. Moreover, the first connection electrode 1210, the gate wring
1207, - the common wiring 1209, and the second connection electrodes 1213
and 1212 are sinultaneously fornmed on the interlayer insulating film
covering the source wiring 1206. 10 The first electrode 1204 is

el ectrically connected to the gate wiring 1207, and a portion of the first
el ectrode 1204 overlapping the first sem conductor |ayer 1201 functions as
a gate el ectrode. Although the obl ong-shaped pixel electrode is shown in

thi s enbodi mémthis tbogimeat, a cedBaetsieal 321duANT a3t&aFARIpaEIGCHFRES TR, have

a V-shaqﬁgmgl&ec%r de sl(t)r tégture i__ﬂ%fﬁgrt er .15 increase a view ng angle. The

st or age CApACTEBIIRETY HiSTEAWBY? £ He- Lo IRl tBesirwswg vé e sioragsapaamf thie

i nsul at iemgbddimanaoNErcr g floRethSeSTmEb SEM RO N AR sthANEE Pfh%%aﬁﬂ% st:&gg?eco”d
y e

el ectrode 1205. Ehe second el ectrode 1205 is electrica connect o the
gat e wi rPPREFIY ISRbgignturlbrdentyial with thajrod Girehodimant yplhe coynpeinemts designated

i npari the Rarhdy/ REere ARAGhd Yis kY tHos sem conductor

| ayer 1202. The pi xel strucrt are ofetéﬁlﬁgl%gﬁg%%?%ﬁﬁg?}ﬁﬁgg%gﬁ%ﬁpﬁgamﬁﬁ’ t he
same narﬁ:}ﬁ]a‘é‘ilmephb\ process as that of Enbodinent 1 if the mask pattern of

Enbodi nent 14 fher e ho in. Fl . and. 16 i.s

obt ai ned by t?su?tﬁ%%%ﬂg% |$§eérﬁl% © h{a} lln;fctcl{%ltygr %E}’dé@flglr%ﬂﬁ'i %ll ’égfgﬂg?f?@e&itgmed

obt ai nedolywirgetheatanotacirsny proests iof Emttuditherrtt, aR addiienglafaska phatidweior
pixels i ' fr ight. by usi a.color.filter provided on a caunter
B ubet r att BV HEEE AT pADbnaiarfe Bf sl gl ian s areprbged |
t hi s 1@niseliictientichidg,im imatees aisyldidgaligr360 Rsdept ah iREadic e85BRAL ®ad the
li ke. [Enpolgi nent. 12 flﬁ_ggg Abu %05_ IP t hi s enbodi nent, a cross-sectional

st r uct urBCHRYY Lpteh didforeleciiveneleintNextoprpch slecupdERdRd isntormed. i s
shown i nhékén. 19. Only the structure of a storage capacitor of this

enbodi ment is different fromthat of Enbodinent 1, and the structure other
than t he st orAaSgEl Embodiment 1, a storage capacitor is formed by the semiconductor film

including the impurity regions 154 to 156 and a capacitor electrode 1301, using the first
15 insulating film as a dielectric in this example. Additionally, another storage capacitor is
formed by the capacitor electrode 1301 and the pixel electrode 1302, using the interlayer
insulating film 157 as a dielectric. An impurity element for imparting an n-type or a p-type
conductivity is added to the impurity regions 154 to 156, as in the pixel TFT.
With such a structure, the amount of the storage capacitor can be further increased.
20

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

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

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

The following can be given as such electronic appliances : a video camera, a digital
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capacitor is substantially identical with that of Enbodiment X 2TheG 2005
conponents designated 5 by the sane reference nunerals as those of

Enbodi ment 1 correspond to the conponents of Enbodinment 1. First, after
the state where the interlayer insulating film2157 is forned is obtained
foll owi ng the manufacturing process of Enbodinent 1, an additional mask is
provided for selective etching so as to partially renove the interl ayer
insulating film157. As a result of to selective etching, an interlayer
insulating film 1300 made of an organic resin and the interlayer
insulating film 157 are selectively left. Next, a pixel electrode 1302 is
formed thereon. As in Enbodinent 1, a storage capacitor is forned by the

sem condUEPdr ¥RPHCIA ERLAPAGT frbms typedur hidayl-megitensisphs (4 gog:%‘;‘»@[yg@gisgmy)

capaci t of cgt g&¢i )35@51,-11 i e first /15 insulating filmas a ’

di el ectric in tlﬁiﬂgﬁ]e%(an*g' ’eg%kﬂg'f{%%br%aqelrﬁﬂ"aﬁﬁ%‘flﬁléﬁe“s‘%'& agerieblgdsfarontins

formed bif'HE! Gapaes 2 BEbEE eompuide apdAEbRNEC MR 48 btk Bk bO8E). EXQplcds! N9
y e n

the int et AY& are k ! f5il M 15 s a dielectric. An 1 npuri
for inparting an Wégﬁeﬁgg&g{)pﬂ ?’b‘gzg‘conducti vity is added to the inpurity

regi ons 154 tlgG18BA ias personhlecophpeetr, Ihdit i LU&t ure. the anount
of the S%,(H{Iaﬂng()&?%a‘ﬁé tor & n %éopﬁrt her* il ncr%é?ﬁ’g@n%ﬁgf%?giaea%gtﬁgﬁéf?ﬂutcan
be freell@uco l&:dgé Wi v BAY°8 e adesabawrd 2904, eto. The pEstadivetionkal The
CMOS ci ruipp tot the jomage! inpOt bbAidnl PO LLth t resent nvention
can 25 he used for vari ouspel Eéctrcr)l-op@tﬂiggg?t qgsg’sﬁ’céﬁé&lpph@gf’f?&%’%‘iei type
liquid crystal display device and the active matrix type EC di spl ay

‘devi ce). TherRGOP@B ide,/ i@ £S@iH, | ' . be ied.to all those

el ec%(g oni c acﬁ l.i ances jln whi cﬁa’saggﬁq%?g%sﬁégﬂ%ﬁEngﬁpﬁeégE@g@é’t‘)@tmq 22 ded
in the dispf 5156% PORONTHO3; eiperbion svdtaheb @10#,y e battsrys 0, B4RC LA GRiase

appl i anges&eiving pyi i.Ql ; 43 02AUG2005, canera, a projector
(Pgar type or QF r gﬁ?{%l@gg)& F'agheﬁ)erggg-g{n%l%?téod] C&Pﬁﬁlﬁ‘a@ﬁf‘(déo sRlay peraani240p| ay) ,

a car n&Viogridsivesgisedisy a car stereo, a personal conputer, and a portable
i nformation r 4 h _as nobi l.e conputer, a portable tel ephone or
an el ect roni (ftl_%bo (?% %&gﬁ%f g@mpf}ter, and it includes a main bocr;f 2201, a camera portion
2202, an image receiving portion 2203, operation switches 2204, and a display portion 2205.
15 The 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 speake; portion 2403, a recording medium 2404, and operation

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

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

FIG. 20F is a digital camera, and it includes a main body 2501, a display portion
2502, an eyepiece portion 2503, operation switches 2504, and an image receiving portion
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of these are shown in FIGs. 20, 21 and 22. 5 FIG 20A is a persgnalAUS 2008
conputer, and it includes a nmain body 2001, an inmage input portion 2002, a
di splay 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, 10 an audi o input portion 2103,
operation switches 2104, a battery 2105, and an inage receiving portion
2106, etc. The present invention can be applied to the display portion 2102
or other driver circuits. FIG 20Cis a nobile.conputer, and it includes a
mai n bqgﬁtéﬁfl,.a cgper? gortion 2202, an image receiving portion 2203,
oper at i WILRCAC SIg8ie), Efid The aresphiapvessioni can be2pplied kbthEkisspiaes@tion

i nvent iZ802canthe @Ret bigdiiiso t he di splay portion 2205 or other signa

control ling ircuits. FIG 20D is part of a head nounted type display

(ri ght - handdd$:; 2afds iatfrenidypripwjectomuhichixomypras0 b display gieaice Quol aBO2, a
head fig¢adeh@Boba ; i-spl [ 304, .an optical system 2305
and the display ﬁsﬁﬁ&ééﬁ%ﬁtléﬁéﬁ?ﬁ%ﬁ%%@?%ﬁ'}e ?%@ﬁ'ﬁyﬁﬁﬁd@aﬁyﬁé‘”&ﬁﬁﬁﬂ%d 20
to the WREHNRY Opepeten2Itk: display d2oiEe 260 hopbyedrivdradircuges a recordi ng

medi um on reh IS recorded. (hereafter referred to as a

recordi ng. Vnngéleu %?qu%g{e?ﬂgj p%lpég%g{olr ﬁ‘&‘&‘&&gﬂlaﬂﬁ-‘éf A BE8Pol0A701; a dirrlpy ay

por ti orflez 8 2703; & pmke? 7GR ahd anc240 2704 ThE BredbMUn B dA2240% 0 AR 10 a
Note that this player uses a rg ordi ng

oper at ijpn; i 2405 A ) : .
medi umlgﬁlg}&g@s{a@ﬁ%@g ? FS??@&Q COMBPRISING QG postin gkie gispiayaisvicer T ORI other
-appr ecidaiviconirofitsirusi ¢, the appreciation of film gane playing and the

I nt er net canp.,he rfor,med. The present invention can be applied to the
di s%? ay po?‘ ?@o%ﬁgkf@éﬁ%ﬁf AFPHBED K Een cxpmple af she Sacture 0fthie displadidgivicab

Cyapi 666 por 1o 5503 oo at Fun an  cnat oB4fls Yylly B B0 iRl
por t i orffPFPTCS apgptioddight peiirce sisiam RB0L; neirforHRB02) andegn4 toI280pr £8=Atoic
IC:’I\rlnglt ![rghrr‘ro@ 280D RRAI 28R, L bR rflia Bks%}/ay%%ciegg()&zfp a5 éif%trg%gatigl[gip ate
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
an example of 3-plate type, this is not to limit to this example and a single plate type may be
used for instance. Further, an operator may appropriately dispose an optical lens, a film
which has a function to polarize light, a film which adjusts a phase difference and an IR

film, etc in the optical path shown by an arrow in FIG. 21C.

| 20 FIG. 21D is a diagram showing an example of a structure of the optical light source
| system 2801 of E“{G_. 21C. In the present embodiment the optical light source system 2801
comprises: a reflector 2811; a light source 2812; lens arrays 2813 and 2814; a polarizer
conversion element 2815; and a condenser lens 2816. Note that the optical light source

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

2]
L

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

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

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

the application example to a reflection type electro-optical device is not illustrated.
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FIG 21A is a front type projector which conprises: a display dgvi d&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 |iquid crystal
di spl ay dei ce 2808 conprising one portion of the display device 2702 or
other driver circuits. 10 FIG 21C is a diagram which shows an exanpl e of
the structure of the display devices 2601 and 2702 of FIGs. 21A and 21B.

Each of the giigphka i 2. conprises: an optical |ight
source system 2801);;& ﬁlﬁgﬁgaggg%e%e%g%hﬁ?%ﬁ%? LM hedi 90 hianr 81di@g03;
a pri sm°¥8uH porian ZHdarcaudie miputhaibmyoate y Hisplzag%g&iorﬁzg@i@éﬁerﬁiﬂrf SHEMLL ati ng

pl ate X ] i tical system The projection opti cal
system %g &ggi%ra?léég@gfgeé’ ep‘IL""u WTV”BFX'SB‘E‘?’&:%H“ Beappliad 19b¢ myaudippoipect i on

| ens. TSN £062,pmegedit iepbopomient2®WBOWEd aadls XA HBHE, O type, this
i's no{ tc?rcléftgﬁt to this exanple and a single pllﬁa‘t get %&eﬁ%(g@%g‘h%ﬁgé@e* or
i nstance. Further, an operator may appropriately dispose an optical lens, a

film which F#6. 228 ineporablé Bodo{cMdubaid b l.ch adjus phase
di ffere@%% and an I%?s)ii Ig}5 et c {n thelopﬁkggtﬁ%ﬁa%iﬂé%%ama Wl %chﬁ%i n
FIG 21E°PHY pqrEons and, 3004 grseardinginedjuan3 Midanpeatiof switsligslBONG! gndf t he
opti cal ahiagithns 0006, tc. SHHRtRM288teRion d = q 00t he present odi ment

t he opti @% | i g{%t source s@steeﬁﬁzgggon éggr?ﬁr%iﬂjgltqa%sqtoéh?%‘f’?lé&?@?“o?é J23nq i ght
source 3 Or pHKE dEVeLGIECUM813 and 2814; a pol ari zer conversion el ement

281510 and a’ gERNABRSRY; d; 16. that .the optjcal |ight source system
shown in FIG 21D igagé%%%g%ﬁéggﬁ & Ay %d)éflr # S¥RPOrSStask 3102nanced t o

this 253¢&kishipy portimsr 3103s etoacEhe presapénedntion ) BRHPHERA it d’is;ﬁa?ﬁ}%ﬁ?orﬁn

opti cal 3|1§3‘.5Th9dfcij§plz¥p wWpiych  has a function to polarize |ight,”a filmuwhich

adj ust s a phase |_fl erencePand” aff PRI }Sn?dva_éfaé?'oqﬁhéf_’fp? dirgetsore shesmnin n

FI G 21pagieslag, andansdiatigoous Yoea élpiay kQuARd b?@%eaﬁ’eﬁ‘{h&ﬂ@ hed Qe% eciall

appl i ca%&g tgéar%la%r 0 aﬁef Lgétl on type electro-optica evice Te hot

illustrated. 5& i&ﬁ_? Behes) An the dagniial-abl e t el ephone whi ch conprises: a

mai nisbody 290H¢ appliedbtk @ange of the present invention is thus extremely wide, and it is ~
possible to apply the present invention to electronic appliances in ali fields. Further, the
electronic gppliances of this embodiment can be realized by using a constitution of any
combination of embodiments 1 to 12,

20 [Embodiment 14)

Although the firsi eiching treatment for forming the electrically conductive layer of
the first shape is conduced under the condition where the etching is performed once in
Embodiment 1, the etching treatment may be performed for a plurality of timeé SO as to
prevent the thickness of the insulating film from being reduced as well as to improve the

25 uniformity of the shape. In this embodiment, an example where the first etching treatment
is conducted twice to form the electrically conductive layer of the first shape is described.

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

this embodiment will be described with reference to FIGS. 24A to 24D ilustrating enlarged
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out put portion 2902, an audi o input portion 2903, a display por@ 2oAUZ90a05
operation switches 2905, and an antenna 2906, etc. The present invention
can be applied to the an audio output portion 2902, an audi o input portion
2903, and a display portion 2904 or other driver 5 circuits. FIG 22Bis a
portabl e book (el ectronic book) which conprises: a main body 3001, display
portions 3002 and 3003, a recording nmedi um 3004, operation sw tches 3005,
and an antenna 3006, etc. The present invention can be applied to the

di splay portions 3002 and 3003 or other driver circuits. 10 FIG 22Cis a
di spl ay which conprises: a main body 3101, a support stand 3102, and a

di splay portion 3103, etc. The present invention can be applied to the

di spl ay povssiseptioBl0dewThef dhlypbay safe bhendRgSANY dMURNLLQN. LS Afdvant ageous
for a Iaggﬁnﬁ&§§ﬁ§creen i%: particular, and is advant agéous Fora H?éﬁ ay
equal to or greater PETER FOTSHRMRLY e Spedilal and a alsahtetaoe pot ypeatiaFiGsan 30
i nches) i24Atoe24dd.agonal . 15 The applicabl e range of the present invention
is thus extregel ide, and it ijs possible to apply the present invention
to electronic ga%ﬁ? 8 themanyfagtpdngprocessof Rerbodithent letheatatetos rARFIGANCES

of this embedbmemd.dan sheridigqh TS constitution of any _ :

conbi nat i 0:3 of odi néntﬁz&%ﬁttgg‘%gh&ébﬁéﬁgg?enﬁﬁf elf‘z‘lt]ncﬂl?X HOWyRtYhEImte st

e, , pi ng °ErBAR Hehpmmagd theghinkngsstofi theek eartd dlemtitallyeondus e e 13 %e1 08t 4600

first shapge 1 d : ondi t,ion ere the etching is perforned

once in Enbéﬁ?ﬁi%?“ﬁ@ﬂ?ﬁg’g&bﬁ%ﬁﬁgf?ﬁﬂﬁhﬁﬂ?mﬂﬁ-eﬁﬂﬂb%mﬁ%ﬁﬁﬁgbkbmdagthe

pl ur al i t jhigknass wESOsmmamd the sorendplectrhally Rbanese Min e i d?SW ARG L4 I M
ape.

from bei wel |, as [ ove the 25 uniformty of the's I n
this enbgglcinlgeg???g%@gxma%ll%nm&%e mlsmr?@fab& ¥ mgteriabaf therfirst ¢lsctcomtiuct ed

twi cel®t ocoagdustivh éilml foc its exadhyly GostihGk rasgdRyer of the first shape is

descri bed. ough ta d shgpes are forned on either side of the gate
el ect r ode angNE%Dar koﬂgdsg"‘r ‘?gfsr‘réhaﬂﬁnmédq e redigtds 6ormdie Thanrething is

f or mat i operfeheibyi ah ITFamEhea ' ' 1R dinment. will _he _
descri beglléwi thr e}:‘ er enge to %Qﬁ%ﬁﬁaﬁﬁéﬂy fcﬁgﬁﬁﬁiﬁe@%%wé‘ﬁgéa‘%@b 2
AUG 2005 PG5 AP HibRaYS)E awrixed gasfyCTon€l,sindd.afs anfeeching havigd ahi gate

el ect r odeelediivieh@tio with respect to TaN, the state shown in FIG. 24A can be obtained. Table 1

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

Table 1: Etching rates (E.R) of W and N and tapered angle of W
20
ICP | Bias | Pressure | CF, CL-{O, |W . TaN W/TaN W
ER.O ER. 2 selection ratio taper angle
T:Z

No. | (W] | [w) [Pa [SCCM] | [nm/min] | [nm/min] [deg]

1 [ 500 | 20 1.0 30 (30| 0 58.97 66.43 0.889 80

2 | 500 ] 60 10 130 |30/ 0 88.71 | 118.46 0.750 25
25 3| 500 | 100 1.0 30 {30 | 0| 11166 168.03 0.667 18
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manuf acturi ng process. For sinplicity, a base filmand a substr ?eg%reﬁ@#§
showmn in FIGS. 24A to 24D. First, follow ng the manufacturing 0CESs
Enbodi nent 1, the state showmn 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 enbodinent, the first electrically conductive film
made of TaN having the thickness of 30 nmand the second electrically
conductive filmmade of Whaving the thickness of 370 nm are | am nat ed.
TaN is preferable as a material of the first electrically 10 conductive

filmfaor itfs ex rengly hidh heat fesistance] NextsTa frask—1405a—ef—a—f i rst
shape rade {004 rd8si|stlf s if &r .| Then]2¢eétchi ngei s| pesgdsor med by7(an | ICP
met hod to—florma-second ellectiically|conductive fi]m 1404a of the firjst

shape. |As 4 sulg, of ing Lxjed gas_of CF41 A2 and O, a$ an etchj ng
it v ?Pi 09% Eﬁlg 5 Drwn in
us

gas having{a high seléctilve 1 hedt®lt of TaN-2he $tat & sho

FI G 24A c3n be| obtai ned—[fablre—i-151shows—the—+relpti-on—between vari
et chi ng @ondi®i pn® andi.a he =t ¢hsng1o at €768b | hes pecpnd ;phectical]y
conductjive [layer (W, theletching rate of the first electrically conductive

| ayer |(TalN) 0 oralglohe t aperied anglie off the second el ectricalTy conduct] ve

| ayer (\/\}. Tabl e 2 et 'Whi ng®r Ates| (E|RIOEF W & N anc-¥aper bd akgl e jof W
20 25 WTafr-WiaN-W3ICcPBrasPressuyreChCL+3[E. R mF R 722 selectijionilatio
tapes angl o 4002 b [ VI{34 (Pal | SOUMJ kgl | ngh g ) [ deg) )

1500201. 030930058. 9766. 430.§88980 2500601. 03030088. 7{111 460. 760253
-5001001. 030300111. 66168. 030. 6p71

390 | 250 1.0 25 |25 | 10| 23212 124.97 1.860 19

10 | 500 | 20 1.0 20 [ 20 | 20| —( 14.83 — —

1| 500 | 60 1.0 20 120 | 20 | 193.02 14.23 13.695 37

12 | 500 | 100 L0 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 LO-- | 20 | 20 | 20 [ 30034 50.25 6.091 22

(*) The mark — in the cells indicates that the measurement was 1mpossible due to
change in quality of the surface of W during etching.

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 «1) formed between the horizontal plane and the side face
20 of the second electrically conductive layer (W} can be freely set between 19 and 70 degrees

by setting the first etching condition to, for example, one of the conditions 4 through 15 in
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i 47 0 2 AUu 2005 5 10 4500201. 0252510124. 6220. 676. 04970
5500601. 0252510161. 7235. 814. 52835 65001001. 0252510176. 9056. 323 d%§§ém05

75001501. 0252510200. 3980. 322. 49526 85002001. 0252510218. 20102. 872. 12422

95002501..0252510232. 12124. 971. 86019 10500201. 020202014. 83- -

11500601. 0202020193. 0214. 2313. 69537 125001001. 0202020235. 2721. 8110. 85629

135001501. 0202020276. 7438. 617. 21926 145002001. 0202020290. 1045. 306. 42224

155002501. 0202020300. 3450. 256. 09122 (*) 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 formed between the horizontal plane and

~ the si de Tabtel oThé behimt ©he ahayl 361046, By'khie f i ght part of
FIG 24A. The aﬁbe%ﬁer ed gn Y?p;ﬁlfo?rre )ntet mﬁgg}ﬁpr%%ﬁfeﬂ ori zontal plane
and the side 3 S?IHEO%E‘B%laéF@éthP@@ﬂIW bonefigotnce aukeydr1 400 acan

be freel ynseitiletinesy 182,304 a/BrsdoigE rst etching
condition to, ;%eﬁ exgnpl e, -onae Sf thtgi%gu &gﬁgéﬂﬂ?wqﬁ) 15 in 48 0 2 AUG

2005 Tabl e 1. INEib clghing ﬁg:opdm-;ecimydtheaqggompcuchhglcymdmtonbwli the mask 1405a
ol or ence R StORT R 16 Hdim T I SRR, o EveoBy R RADESF fHeshirst shape.
~electri c:ﬂlll';ﬂg:@ﬁmgtulnder thB Iseqomy elehi®e condition, the insulating film 1402 is also etched
to certain degree, resulting in an insulating film 1402a of the first shape. In this
embodiment, a mixed gas of CF, and Cl, is used as an etching gas for the second etching
condition. As the second etching condition, for example, any one of the conditions 1
10 thi'ough 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 n-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

1 20 conductive layer 1404a is shown as having the same shape as that shown in FIG. 24A

because the amount of etching is small. :

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

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

be freely set by selecting the etching condition. The second etching treatment allows the
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Next, etching is conducted under the second etching conditi ong\/\i,t}én ,t'\t}g) grask
1405a 5 being left as it is to formthe first electrically condu W 0
| ayer 1403 of the first shape. During etching under the second etching
condition, the insulating film1402 is also etched to certain degree,
resulting in an insulating film 1402a of the first shape. In this
enbodi nent, a m xed gas of CF4 and C 2 is used as an etching gas for the
second etching 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
condi ti 5 i i erforned.tw ce,. the thj ckness of the
i nsul at ?ﬁg‘“ ] m@fﬁ@%gl{é%dﬂgg& parsg\cl(gnnc[%@p?’r%ﬁﬁsb%l?ﬁﬁc?%%‘é’&?“?%%ﬁ?r H08podt
dopijng _tfi‘l:ea@qmdtshé;]{x,aemiuﬂ_ tefjifhridhﬂllyicﬂiﬁdlﬁdtiﬁ& l@e??ﬁﬂlbf)pﬂieis%ﬁ{dtsihﬂ ,90& an
conducti; -t O m_eqgnduct oy, osphorus for inparting an n-type
Ym0 7 of BRSa G Rshabe

conduct i'vi is added to the sem conductor |ayer

1401 by an i (thedopirtbelo@tibgith condiitgyvd e 14085 of HRCEELGRL Ve GO! %Ct]taiéé/r%dl ayer
and the second el ectricall conducti ve Tayer

1403a, of 1 Ee ?i rst sEa gh _ (

1404a° of "Bfe™f Bf Aerd S’E @Psgd Ragler ovhorey .theAfltShQégmane cordomive layer

el ect ri cpi03y of aedidcdhd/ghaba fil 45 & etched to
a Y&hsjaﬂgﬁﬁeﬂfelgishﬁl]l th]‘ée%d §12@§?b I@so intfe ysH Pigl

certain de during the_etching und e secon ng coh A&i n
FI G 245&“'? L‘gﬁé’e%f{}heswwéﬁhmea|a|t@pezm auglelyos pemiallgfermedd04a i s shown as
havi ng the sag i A . because .t he gnoun
etching j s snal It’.%@%g%@ﬁ Q‘Z‘E’%ﬁ@ e %%%thgﬁ%\gnégﬂﬂﬁggga ‘W’Fhs%oﬂau @{f@;%a
bei ng | etD)ad hiese¢and doping titaimentyeeridrats ¢chesdupins 20h dInCent?2ABn 1bWet thaf that
enbogi t e i I ucted as a second etchjing treatnent under
t he ? ???t? tg%gr%tn%.o;ﬁ%%g%e{é %%nﬁmﬁggglsaerﬁ?@ﬁleﬂ'aéj%ﬁp S SHdITRRARg apdelyPes as
an et chigegdyetsyityes atidetoi the sanidusdedolagar 40heysacendo ingthétHo& QR then
wher e asg'b&g]d le&%%aﬁ)f CF(_@I’?CI%I an]g % i S, used as an etching gas. As these
et chi ng Condi tons: “afy i oRYeh #04b i dhe pesRRd shapreasicemasivay be used and
the etching tiswresulyofbe &oproRsiag abitn®al imPuithytiion®l4@RAHodkn 11 car
udi'nal’ direction t he cﬁannel

electri(}aII%c nducti\f(g}g:layers in the |Oﬂ3l J

can be PFB CWQ BRA0p 01 g seimyqonguetpelagerone Rrpringidie s¢asnd elfeticiy conthetivhi ng

t r eat srenkyerbdieicking tdinulatn A i | 34Qpb of . a second
shape, a );i rst elcectgri cal | ?{tIcl:onqlu%?iiqgeeEfggt%gn%%g%oI@Pm%lg}'g&ggﬁge?ﬁ%e, a
second SFREE B @hapneldnamnetion egicry e Althaoglh nof shdven,sbe dmgusityapgionariditan

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

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

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

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

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

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

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

3]
wn

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

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

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




insulating film 1402b of the second shape. The second el ectri c@l?2l yib 2005
conductive | ayer 1404b of the second shape forns a tapered 5 angle a2
greater than the tapered angle al whereas the first electrically conductive
| ayer 1403b of the second shape fornms an extrenely snmall tapered angle P.
Also in the insulating film 1402b of the second shape, a tapered angle y
is partially forned. Next, after renoval of the mask 1405b, a second dopi ng
treatment is conducted (FIG 24D). The second dopi ng treatnent perforns
the doping at a concentration |lower than that 1o of the first doping
treatnment. In this enbodi ment, phosphorus for inparting an n-type
conductivity is added to the sem conductor |ayer 1401 by an ion doping

met hod, satficBEdddAEr 1aSEC ri .conduct l.ayer 1404bh of .t he second
I i R R L e S T A T T TR

r egi ons©fig tapeaed peisiggthaviag theside Eacefodtinedperad pagleivoor @hertthperse pbeionguct or

| ayer o pin seRqn lLectrically conductive 15 |layer.sandw ching

the i nsﬁ%g}t?l%ginf ?llﬁr#gn% ﬁ’%egqnl%@{%téqnee% [ﬂ%{ecérppg,ntéfoﬁlag@p} V@ Beagdded to the

t her ebesurishndetudsyas The dinporigl region a1 B that 86éibt oALHAPBR TGl sheNy. the

I mpurd t : 1401a _through 1401c. are forned_on both sides of thé
channslel X?%cﬁgn%??(??’yef gbqso’ﬁ highes “Qpierdtatiogathan ithah of the mpHEty Eiaiey, 140Re

t hi cker Mdreoenj thene&ith @ff thbeémpatigs tediod ¥GTb RPSd RRADRAI Blectio?Oof the,
sem cond | ayer b%}cggggaﬁ_t he shal | ower ions are I nplanted. Accordingly,

ctor.
the i rrpﬁ&qwf 15 AR P& RS VEPPRIEEgntIAB1¢, jor it gresteriban et plthe dmpudtyi ve
| ayer sgaipdod £401rg the insulating filmtherebetween, that is, the third
jpurity region (GO.D region), is affected by the tapered portion having
e side facEhoimpyayasepcfOingthat i, theelinst impyrityrregioangatiins ameémpurity

concgnt i i ! : .added. to the sem con t.or
oy ernt ERiefhddled bithe R honife iRMent 101 fICIng ub By BRBGRAERESE o
t he mat B Hrst |deping ietmeasesAs antsulththecimmeaity reiionn14014 beconmgsus itiyh-

i ncreas 3 i S 0 he.material |ayer decreases. Simlarly, the
i mpur i tg&lr%gtlr%t%&&%m? %&?n Itosifunm%n 8L oMUY F%Llﬁ“? 52 FER Bi#191-DD region), is .
affected by Ahthetsoicdssies step, thhmahwfactusing Peodekd 61 E4038inedn: i RBowR&PRIG Shape,

resul ti i hange in the concentration of the inpurity elenent to be
added tggtahg fﬁ‘ﬁ“ ¢ AYTEY “éB?FF@%H‘&E? Furgiheractivp Mmgtaix swpstspte-  he

i mpunsi ty regBpthelatdle mahad EETLSE MY pifg pbRIGHKREBFTs of the driver circuit are
formed.

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

4 and Embodiments 7.through 13.
In the case where a mixed gas of SF, and Cl, is used instead of the etching gas of this
. 20 embodiment (mixed gas of CF, and CL)) or a mixed gas of SF,, Cl, and O, is used instead
of the mixed gas of SF,, Cl, and O,, the reductioi in the thickness can be further prevented
because a selective ratio of these gases with respect to the insulating film 1402 is extremely

high.

According to the present invention, a liquid crystal display device having a pixel
25 structure having a high aperture ratio realized by the present invention can be accomplished

without increasing the number of masks and the number of manufacturing steps.
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of the tapered portion having the side face of the tapered angylZe AYGor{0at her
tapered portions, resulting in change in the concentration of the inpurity
el ement to be added to the sem conductor layer. The inpurity region 1401b
that does not overlap the first electrically 5 conductive |ayer has a

hi gher concentration than that of the inpurity region 1401c. Mreover, the
width of the inpurity region 1401b in the |longitudinal 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 140l1la, that is, the
first inpurity region contains an inpurity 1o elenent added by the second
doping treatnent in addition to the inpurity el enent added by the first
doping t t result, the inpurity region 140la becones a hi gh-
concentr@ﬁﬁ%ﬁigﬁgﬂﬁﬁgggﬁgbion to function as a source region or a drain
region. As the successive steps, the manufacturing process of Enbodi nent 1
shown in FIG_ 3B and fromthere on may be conducted to nmanufacture the
active matrix-$uidpiFap@uctagiegicecaampaisinge met hod, TFTs of the pixel portion

and TFTs of thenfedifictds] [ fo . Thi s enbodi ment can be freely
conbi ned with any one o 1%2%@%1}5%1&%@?%%%“% eaﬂﬁﬂﬁ%?tﬁﬁﬂgse?“rfﬁr ough
13. | h tlegiopas draiheegion, andeedhagad fofmSiea rapnChierpBecd sigdebdtwt@ad of the
etching gas qfgthi ) iLment (m.xed. gas of CF4 and C,) or a m xed
gas of SF" (31%,flltgﬂgﬁbl,aa?%?%ggrr{l%g?'ééadd S‘E)‘T“Cgﬂéu???&]@éiergas' of SF41 O, and 02,
t he reducti ontilenst bee teﬂﬁcﬂiodefsmdﬂeaiﬂuﬂiﬁshﬂ{sumti%‘geﬂﬂﬁtﬁdandb@%lé??h% said
of .t hese gases with respect to the insulating | m 1402 is

sel ectiv aBatli [
r emel PAPHY gfﬁnni{é%?egf% to the present invention, a liquid crystal

I'splay devi aesohae wFing fpimed on 2Ad Hrsuaddiitn@i:ng a high aperture ratio
realized by the g{l sent jnvention can be acconplished wthout increasing

the Alinber of® $AESRE IBFRtngeliy spesring atrigasifsaid elecodes arghsaidSputcedwinligs 2005
VWHAT IS GJgAIMED |1'S: 1. A sem conductor device conprising: a sem conductor
| ayer formed on an insul ating surface, and having at |east a source

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

electrode.

15 2. A semiconductor device according to claim 1, wherein said gate wiring overlaps -

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

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

.20

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

source wiring comprise a same material.

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

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

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

comprises a gate insulating film.
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5 region, a drain region, and a channel formation region inteﬂb%séﬁﬁ 2005

t herebetween; a first insulating filmfornmed on said sem conductor | ayer;

at | east one electrode formed on said first insulating film and

overl apping said - channel formation region; a source wiring fornmed on said
first insulating film 10 a second insulating filmcovering at |east said
el ectrode and said source wiring; and a gate wiring formed on said second
insulating film and connected to said electrode. 15 2. A sem conductor
device according to claim1, wherein said gate wiring overlaps a portion
of said sem conductor |ayer containing at |east said channel formation
region. 3. A sem conductor device according to claiml1l, wherein said

el ectrode congrf'éses. a.gate el.ectrode. 20 4. A seniconductor device
according to C1APHIUFONGREPLIqYigacgorsingtochim lamthesan shid seuond énsolatingJilm

conpri se fartlsa @ nivrises i S8 vice according to claim1,
or PITRISES b st e R e RO B R G R FO P R and ty of

wherein a material of said gat:
el ement s SEOPE dRRPLNEIAYSTHONEN DO A ONgdIse fasip mbtepialy- Si, W WS ., A, Cu,
Ta, C and Mb. 6. A sem conductor device according to claim 1, wherein said
first insulating film conprises a gate insulating film 52 0 2 AUG 2005 7.
A seni‘conduct &rA sviceadetendaticeqpctorditgioniadim MR s§akEn S8R ol isleat i ng
film fu I Il irst insulating | ayer containing silicon as a
mai n corrg)st)&n%r?fﬁgﬁg féﬁf@g%a%#f%mwﬁwrﬁwi CERHET 7 igeaepmergarmioctablesi n
mat er i al Infermeation temimchraldiginl cstaviag e dAGEEHIUILE pflyai ot al1EGAL Rl
sem cond lf?ﬁlc?e\’i ce is one selected fromthe grogp consisting o

-per sonal conput'er, a video canmera, a portable information termnal, a
digital canera, a digital video disk player, and an electric gane

appl i fNCe- 9. A semiconductor device comprising:
a semiconductor layer formed on an insulating surface, and having at least a source
region, a drain region, and a channel formation region interposed therebetween:

a first insulating film formed on said semiconductor layer;

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

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

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

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

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

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

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

a portion of said semiconductor layer containing at least said channel formation region.
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10 9. A sem conductor device conprising: a sem conductor |ayer ﬂf%r% 2806 an
i nsul ati ng surface, and having at |east a source region, a drain region,
and a channel formation region interposed therebetween; a first insulating
filmformed on said sem conductor |ayer; at |east one electrode formed on
said first insulating film and overlapping said 15 channel formation
region; a source wring forned on said first insulating film a second
insulating filmcovering at |east said el ectrode and said source wiring; a
gate wiring fornmed on said second insulating film and connected to said

el ectrode; 20 a connection el ectrode formed on said second insulating film
and connected to said source wiring and said sem conductor |ayer; and a

pi xel el ectrﬁge forned on said second insulating film and connected to
said seni condultErIFRFHFIor devigpaconrdiagite slaitu bt wheravsae crceotdidigorises ¢l ai m
9, whereignsdietiriexel el ectrode overlaps said source wiring. 11. A

sem conduct or device according to claim9, wherein said gate w ring
overlaps a portion of said sem conductor |ayer containing at |east said
channel for i ion.. 53 0.2 AUG.2005 12. senm conduct or devi ce
accordi ng tgq gl %I‘gr% %ﬁ%‘groéi%ﬁvggiaaccgfi&&wﬁ@%éﬁﬁ??rg@sﬂm%etjgtr@d@argbga,i@de_
13. A seépiisonducegoongeist agame emtekialg to claim 9, wherein said el ectrode and
said 5 source wiring conprise a sanme naterial. 14. A sem conductor device
according to claim9, wherein said pixel electrode, said connection

el ectrode anddsAisdmiinduttor 1dcERIBIdRE FcIARTS, WhLEH Al ikl deredde, sajd

sem con%gt or. deYI cedaccgr ding to claim9, wherein a material of sald gate
wiring CoMpriQBS GO AN SHA gatg wirpgforepriseartamesatetitled from t he group
consisting of poly- Si, W Ws,, A, Cu, Ta, C and Md. 16. A sem conductor

devi ce accor?isng to.claim9, wherein said first insulating film
- A semiconductor device according to claim 9, wherein a material of said gate

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

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

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

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

second insulating layer containing an organic resin material.

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

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

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




15 conprises a gate insulating film 17. A semi conductor device 8dcddiidi dgls
to claim9, wherein said second insulating film further conprises a first
insulating |ayer containing silicon as a main conmponent and a second

insul ating |ayer containing an organic resin material. 20 18. A

sem conduct or device according to claim9, wherein one pixel including said
pi xel el ectrodé®f or s acwiengyetorapdevicor dssovdiea st dckémi cOndueibr | ayer

connect ed . sal i el.ectro i | ectrode.connected to, a gate
i g of ‘e SleioRlatElocdh s UG LTy B ARG FREOE PR,
dielectri Cclnnﬂﬁtei:B? vma)e&ﬁmaﬂbl@b@trab&eiﬂfﬁﬂnﬂ@(gmeﬁﬁnﬁl@n 2) degiaeg(rjeaglerwr eidn an
inpurity enent for, inparting a p-type conductivity is added to sai

seni condug’c%&?l‘%\‘iﬁé’rdlé’é@h@”@f»e@ P slsrHigeaee apRligtaer ode. 54 | r" 20. A

sem copnduct or device according to claim9, said sem conductor device is
one selected fromthe group consisting of a personal conputer, a video
canera, a portabl e Anfenimanidoctot elavictakbomariding & glaicafieubstraétes dindid al vi deo

di sk player,.and an.el ectric gape appliance. 5 21. A sem conductor device
conpri si nﬁq&m‘gaﬁwa@@@m#&%@%& > OpF agisaldcwa;}gf)sﬁul?smaé?sp%%ag at

ther ebet WwegRt 4 Pt PorBén GndPaidrivk cBBR! EAHSIx13:A8n bm lrfsﬂ?é a pi xel
portion and a driveéer circuit, said pixel portion conprising:” a

sem conduct or hkagericédhueter wiyendoimmslibat dminssiatirge syrfaoed andviiavingtat 10
IeastI@ Spur %ir%g%apu_a.drain region.and a cha%$el ﬂgfnation regi on

i nt er posed Thet IBY Mo di§e 1% £ r SFAIF N SR AR 17 | THAPBPHEgTBANY; Fp&ton

sem condugiteipolsay Sicrc@dtwicemst one el ectrode forned on said first insulating
film and overlapping _at |east said channel formation region; 15 a source
wiring formed 8dlrshingukatingtfilim fenmad emysgid|sgmiconductor layer;

at least one electrode formed on said first insulating film, and overlapping
at least said channel formation region;
15 a source wiring formed on said first insulating film;
a second insulating film covering at lcast said electrode and said source
wiring;
a gate wiring formed on said second insulating film, and connected to
said electrode;
20 a connection electrode formed on said second insulating film, and |
connected to said source wiring and said semiconductor layer; and
a pixell electrode formed on said second insulating film, and connected
to said semiconductor layer, and
wherein said other substrate comprises a light-shielding film in which a
25 red color filter and a blue color filter are laminated so as to overlap said first

semiconductor layer,

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

substantially parallel to a surface of said substrate is generated.
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a second insulating filmcovering at |east said el ectrode and ﬂaﬁidﬁ%@@@%
wiring; a gate wiring fornmed on said second insulating film and connected
to said electrode; 20 a connection el ectrode formed on said second
insulating film and connected to said source wiring and said

sem conductor | ayer; and a pixel electrode forned on said second insulating
film and conn@gt ed A t GCRIGMIYEIT c ofRIiee oracrerddng  4nd sAmER eid. satadd ot her

substr at e EAMNLISES, Jightis shi LG i Whi : re I filter
and a bl ug col gr T f?‘é%dlgér]elslgrrri%ﬂg!t:@%‘ E%dé;slfqt (l)dw(y\l;ggr%flggl%’a?% %Vr%s%t i
sem conduathoch | sydrpix2R.el¢ctaeie congusesra diéhm ceorasiadigli Alg oroAgl akm 21,

further onpri.si a,co n wring on said second insulating film wherein
said 30 p?%nﬁlat‘f’agﬁ%ﬁ‘é’r d said cormon wiring are arranged so that an
electryc field substantially parallel to a surface of said substrate is
generated. 55 23. A sem conductor device according to claim?21, said

seni conduct or @évi cé | semigaaiduetri odetiype dccopding crtystahingdi S, aysadévi ce in

whi ch sai i xel, el ectrode. conprises.a film.containing.Al,L or Ag or a
PR T R R S R R e T S
21, said vaeeh caftlyskélr cdeubae dompriddsan Sivhisphint to1P&rich Ay shrahyal el
di splay device in which said pixel electrode conprises a transparent
el ectri caFﬁIh}a'conducti ve film 10 25. A seniconductor device according to
claimgl, said sem conductor device is one selected fromthe group
consisting of a personal conputer, a video canera, a portable information
termnal, a di @6tal Acasemégonducthirgi d@licyi deoodisk Pbaydhim armi, ansed ectric
ganme appliance. . .
semiconductor device is one selected from the group consisting of a personal
computer, a video camera, a portable information terminal, a digital camera, a
digital video disk player, and an electric game appliance.
15
26. A semiconductor device comprising a pair of substrates and a
liquid crystal interposed therebetween, one of said pair of substrates having at
least a pixel portion and a driver circuit, said pixel portion comprising:
a semiconductor layer formed on an insulating surface, and having at
20 least a source region, a drain region and a channel formation region
interposed thercbetween;
a first insulating film formed on said semiconductor layer;
at least one electrode formed on said first insulating film, and overlapping
at least said channel formation region;
25 a source wiring formed on said first insulating film;
a second insulating film covering at least said electrode and said source
wiring;
a gate wiring formed on said second insulating film, and connected to said
electrode; and

30 a pixel electrode formed on said second insulating film, and

electrically connected to said semiconductor layer.
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15 26. A sem conductor device conprising a pair of substrates arﬁizaﬁ\%i%ﬂ%d
crystal interposed therebetween, one of said pair of substrates having at

| east a pixel portion and a driver circuit, said pixel portion conprising:
a sem conductor |ayer fornmed on an insulating surface, and having at 20

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

i nt er posed t he?ébet feetpmigondyaier | devicat iasgofdingn for pldmor2&aifgrther

sem condu l.ayer; . electrode.f.or on.said,first insulating
P CandeonBrsBéoh emb 8Ll S0 AT LS80 TR R ORR Bl el S0t oo
Wi ring fopim:ﬂ emummhgdi TM cbﬁgﬂélﬁt“gﬁggfagb Mirra@ g6 60 Hat ﬂﬁ@le@tﬂi({lﬁdd I m
covering at, | east said electrode and said source wring; a gate wiring

f or med gns‘él%ﬁt‘(‘)“t?éb’oﬁ’ﬁiaﬂ?ﬂs%?l%%qrﬁifequlsfﬁd é‘#hﬁt@é%lfﬁe&qné’ﬂatﬁé}gsai dg el ect r ode;
and 305 a pixel electrode forned on said second insulating film and

el ectrically connected to said sem conductor layer. 56 0 2 AU G 2005 27. A
sem conduct or #&vi cA asemidindycton cdeviice 2Geedndidideno adaipi | A6ng |@idcomMmoON

Wi ring on sai dpﬁecond i nsul.atin ilm wherein said_ pixel e]ectrode and

f
sai d conmBACPARGORdeviss é?lgaedggﬁmﬂqfﬁfmfn ligpikrcrydal dispdey sieyiacatitial |y
parall el {ich SHid §6fc10fel &S HQ%E)H%E@_& SfilQ?n&rn%ig% A128r AgSE gonduct or

devi ce according to claim 26, sai sem conduct or iceis a

refl ecti olanipptiohifijui thergofst al di spl ay device in which said pixel

el ecty de conprises a filmcontaining Al or Ag or a lamnation film
thereof. 10 29. A sem conductor device according to claim 26, said

29. A semiconductor device according to claim 26, said
semiconductor device is a transmission-type liquid crystal display device in
which said pixel electrode comprises a transparent electrically conductive
film.

15
30. A semiconductor device according to claim 26, said
semiconductor device is one selected from the group consisting of a personal
. computer, a video camera, a portable information terminal, a digital camera, a
digital video disk player, and an electric game appliance.
20

31. A method of manufacturing a semiconductor device comprising
the steps of:

forming a first semiconductor layer and a second semiconductor layer
on an insulating surface, each comprising a crystalline semiconductor film;

25 forming a first insulating film on said first and second semiconductor
layers;

forming a first electrode overlapping said first semiconductor layer, a
second electrode overlapping said second semiconductor layer, and a source
wiring on said first insulating film,;

30 forming a second insulating film covering at least said first and said

second electrodes and said source wiring; and
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sem conductor device is a transm ssion-type liquid crystal di s@)lzaﬁuge%\@e
in which said pixel electrode conprises a transparent electrically
conductive film 15 30. A sem conductor device according to claim 26, said
sem conductor device is one selected fromthe group consisting of a
personal conputer, a video canera, a portable information termnal, a

di gi tal caner aformingjaggate|wivingeewnaiested gb et firgrelecirnds] aut o volappime

ital camer aformin esledg oot wut ryala
compr o1 nerie okt apfsBREOR v AR R SETERRE e SR, cecona

sem condus¢micondyéior 19yerald dand batdengirsilt,fa@iea pead heicqrgdd 6V éthpding
crystalline sem conductor film 25 formng a first insulating filmon said
first andS¥8SOHECCSEHIMbnductor |ayers; forming a first el ectrode

over | appi ng sai :rst.:sem 0f,: ) el eqt e rl appi ng
sai d Sgcond sekr#lggér%gu%:%lééréqt‘g&g?%én%lga%ﬁgﬁ? %@On vﬁq’%c?fr%géebna%galgzﬁqf P‘?‘\séf

i nsul at i nglekirbry aBOfdraredi cigsad secoridinisuktingtfilag fi |l m covering at | east said
first and said second el ectrodes and said source wiring, and 57 0 2 AUG
2005 formng a gate wiring connected to said first el ectrode and

overl apping sgpd fiArﬁ%t%%”@ﬁﬁgﬂﬁ'ﬁ%%rlidgaé{%Elinic%n?lﬁgf%‘?‘?feiv% & agihage for

connecting said first sem conductor [ayer to said source wiring, and a

pi xel el eptheodn sardricappd rgmisaidictoulayer woninemed 5o wiuid giirels aledtrgde e

Wi ngo sai gﬂgonrelle(fticon _ellectt(%%de, and stai d gi xel . electrqde are. forned on
sai d $ecofdTHRSIA PRI Itrosls conngeterdg B eatsafitring PLFR ﬁaJaé?egteWix@ nduct or
devi ce of ekkgbar31l, wherein said second sem conductor |ayer connected to
sai d pi xel el ectrode

33. A method of manufacturing a semiconductor device of claim 31,

wherein satd second insulating film further comprises a lamination film of a

15 first insulating layer made of silicon oxide, silicon nitride or silicon
oxynitride and a second insulating layer made of polyimide, acrylic,

polyamide, polyimide amide, or benzocyclobutene.

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

digital camera, a digital video disk player, and an electric game appliance.
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. o 02 AUG 2005
10 overl aps said second el ectrode connected to a gate wring of an adjacent
pi xel electrode. 33. A nethod of manufacturing a sem conductor device of
claim31l," wherein said second insulating filmfurther conprises a
lam nation filmof a 15 first insulating | ayer made of silicon oxide,
silicon nitride or silicon L0 d insulating |ayer nmade
of polyimde, acrylic, p0|5}i§ﬁ?/§§ﬁgﬁ?§aa@§dﬁE§ﬁ%ﬁﬂ or benzocycl obut ene.
34. A nethod of manufacturing a sem gqoygluct or device of claim31, 20
wherein said sem conductor device is one selected fromthe group consisting
of a personal conputMETHOP @doVieuNBFACERURINGARE S¥MiBmat i on terninal, a
digital canera, a digital video disk player, and an el ectric gane
appl i ance. 58 SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME
ABSTRAECT OF THE DI SCLOSUREBBIhR ArESENTHEWETI QRURIPr oves the aperture
ratio of a pi x%‘l}%of a reflection-type display device or a reflection type
di spl ay devi ce 'Wft WESENt INeENERE| HEPTAYSS nihshaperdirentalics ofnd mikeheftausing a
bl ackmask i ek; ode.i(.16 i g sSq. rtially. overlap
a source \S\fﬂfeloﬁié% ( %)Ahf% gfraslsﬁig‘éll%i %I)g % %ﬁégcg%ﬁb \Eeghs%g?g(gdleg?cfer ﬁlﬁ(’%ﬁéht, and
a thin fiinmregsamsithe orumber af raagedasd wshéw psingi al blyclaussld. ap pixght e
W ring (16163)0 fgr g@.} el di na% a_ channel r.eﬂi on of the thin filmtransistor
from I i ghtoFREF &R/ S ATThES 58 45 (Grpastigky overlap euoarseavitns ({3 dor 5)

10  shielding the gap between pixels from light, and a thin film transistor is

arranged so as to partially overlap a gate wiring (166) for shielding a channel
region of the thin film transistor from light, thereby realizing a high pixel

aperture ratio.

15 (Fig. 5)
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