;e3e*" T 1 &B&T*' 9SEM CONDUCTOR DEVI CE AND METHOD OF MANUFACTURI NG THE SAME
BACKGROUND OF THE INVENTION 5 I. 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 nethod of
manuf acturi ng the sane. For exanple, the present invention relates to an
el ectro-optical device as is represented by a |iquid crystal display panel
and an el ectric appliance including such an to electro-optical device as a
conponent. In the specification, the term"sem conductor device"
generically indicates the devices capable of functioning by taking

advant age of sem conductor properties; an electro-optical devices, a

sem conductor circuit and an electric appliance are all included in the
sem conductor device. t5 2. Description of the Related Art A technique for

constituting a TFT bYEMIGQNBHEROFODEMICE AND ME THD&W' ng a thickness
of about several nmto abowiﬁgrﬁg_[greds of formed on a substrate
havi ng an insulating surfa THE: tention. The TFT is
widely used for electronic 20 appliances such as an IC and an

el ectro-optical device. Par there is an urgent need to devel op
the TFT as a switching el ' :SCIADIE, g IevWISNAIONI spl ay devi ce. Anpbng
l'i qui d ciyisehl ofdhesptvaym@hevi ces, an active matrix i qui d crystal display
device, in V\/ni;I |xel el ectrodes are arranged in a matrix and TFTs are
used as swit %ft“émé#ﬁflgort éfé@iei:tq wwcmnmﬂeﬁce ba\png(elcueue@értse@lﬁéd for
obt ai ni Ehuhmrh-tﬁ arI attention. The
active r’tg}{ rix u?glls!cc}trrisﬂtea H ter ?D% 2\3%@? dx‘? @toéﬁlm%daqtmmgtm
known tgtgessamg tFemesrmps, dhetwmnarrdreanbefrél@&& It@%nté{é&o—g’ fc%.l 8%1@5' ’15
conpar e e | | stal displ a@‘ evi ce,

refl ect th}rj;’re:sg‘%%@?? ﬁé}ﬁ ﬁstag ffﬁ pP%Rf 6% PE@Y C@%Mﬁﬂ@ﬁgmhsimgtswma;m
powerl c ghedirgpoptnal ﬁewcdnaﬁ:ausm pendmdCkl i ght is not used for display. For such

an advant age, cti pe ljiquid cr stal di splay device is nore and
nmor e demandeén m%ﬁ‘g%f ?ag tgf" fé‘\ﬁ%’l]d F%"blcaydlfcé@f iseT gencorpllyt iedr:ams theiddeies

caner as.capiide oefuredbhig-tiy\Denk bW r devi ce makes use of the
optical qodulation eff @ctys ofé |'i qui ﬁc(%féértﬁlé?Pg{jéﬁ&@%gﬁ%ﬁ@ngﬁeﬁ@ -QRicrl

i nci dent™ 1 gt % FTBCPRAYCE: edcwt aHeapi steltriel apptinmube ateo aleinoliidedt int ehet he
out si de semlddmauekeyug\ch)r the state where incident liquid is not output to
the outside of the device so as to display a bright region or a dark

regi bh. The reflection- type liquid crystal display device further conbines

the bri ghbesaditRn e %aAF[ region to display an inage. Cenerally, a
pi xel electrode int e ret ion type liquid crystal display device is

made of a rreﬁalechmflw iferl camatiiutipga TFDMy! iseli a ééﬁicgﬁ&?&&ethﬁrp it Gl

al um nu ally connecte switching el enen sucﬁtgas a
TFT. A ?P lcwétfaub?t’ﬁgeté“eta ‘58‘?1%&?‘{36?4%““?@#45 elcimbRrmypen b supstrdtedmysigal

di'spl anlem%% usfacevhas I at
i sp ay ingssusfaoevhas fatdty Gtradied dt!‘énﬂ)r@ﬂ%aTFprw arltéﬂ%orfr%giaec}{?gtcg €

Wring i ne nd a capacitor wirin

| i neieat}r S gﬂlﬁh %h&ﬁ@gaﬁebﬁm‘@éﬂmlﬁﬁme(Eargnallarlw there iddn iigzeal g&edf or med
into a ta dmto;sthamﬁby Pavitelin g9 14 is. arranged is in a
row direction while hse gat e lW|g E?nmgeghgors&q@?c?% dgﬂlaéd%‘lcﬁrm di rection.
Bet ween t he éﬁl?ﬂ’&élqmct Prerahdisplay devicesg an ectwerrnzngxquh:cmryst@teﬁg;hayaéme

i nsul at imghich Ipitd] 8leRiroYd I ate.the ngs, from each” ot her. The
source Wiring P14 and i sqggtl{er&vée??ﬁg"ﬁ cffgﬁ d“g‘é%%s watghing tlementshi s
convent GREHIVE by G@tﬂtﬁcerd $0 cpiaeiaeteeroddsi €or Bbffahﬁﬁg % Hidh-g0sik tydjrﬂ% @ has

semz6 oNsEE@L i AY: an active layer is di sposed°| n the vicinity of
the i ntersectfgn ﬁn&t@g@%{;hese wirings. Conventionally, it is known that a
pi xel el eot rBifeadtiSeimatfioiqnid | clvstigigplal ey ROW SN Ehifed o BLAYLgREOUS! Y
with the,f é)rr{patﬂllgusm fhe source wiring 14. In the case where suc
structur‘ I's e oved, YR FRYPASHIBEPMEEE- t he source wiri ng 14 and the pi xel

el ectrode 15Patrtsarla¢mlat§ &ﬁnﬁar@@vﬁt‘ﬂltﬁé t?lﬁﬂnﬁgsﬁm y’pgnhmta)ér)%%alggsp?ay device, the

l'ight-s ding film(also referred
rlghgm ron- %’Pe liquid crystal display devnce is advantageous in small power consurnption




25 a black matrix) 13. Mreover, in the conventional structure, a netal
filmnmade of chromumor the like is patterned into a desired shape so as
- to obtain the light-shielding film13. As a result of enploying the
conventional nethod, the nunber of steps and the nunber of masks for
formng the light-shielding filmitself increase. For sufficient
light-shield with the |ight shielding film13, it is necessary to
insulate the light-shielding film 13 and the pixel electrode from each

ot her by providing an interlayer insulating filmtherebetween. Simlarly
with the light-shielding film when the nunber of |ayers constituting the
interlayer insulating filmincreases, the nunber of nmanufacturing steps
corresp(r)nrt;dl ngly increases, resulting in 5 a rise in manufacturing cost.
Furt her p@auscmbacmmrga,seugeﬂf@m é!n‘q;% ers of the_interlayer

i nsul at i @%s i |.m | s, di sadyant ageousﬁ]l n prr(Sa\'&s)('félra\gla%ﬁ Yt rleHEHF%’toérfD@%/b@Uld

i nsul at i S g SIS e‘*’Age EnBOrern¢ orveneinanddd ad b ulbleur aeuﬂdgeﬁy%ﬁ%b”

whi ch ancom Mekﬁ)’r&rdéd“@a% 1S OVI d d so as to co e source
wiring I aﬁd t he pi xel ee?aeﬁc??]o %hégsnom § b Fﬁ’é%@ﬁpldt’ée?@e kmbowuselod t he
case whef¥ Yt H’OQP}alHl@ﬂLﬁf@CtSsOfds:Bnld cf}@mw&eie&thﬂe @F&@Wbe%f mlti%ﬁég{fgght is

i ncr easesefle@tedng g2 er_of steps, resulting
nmanuf act ur | n5 cost . El%ﬁfr%‘ Cet?ér%ﬁg be; OHtRuér“Eszhed%m%‘ij@stﬁ}y Cb@rf:ﬁo"xrmwmnet,e wihge pi xel

i s desi r B¥idest Hawid ianboowgputannhnbuteiie af st gt as a high
aper tur e, ki loﬁ\ high e@eo?rture [%.tlg of eae?%% Slg)iagﬁgdn%iagveg tIrF%jHP or
utilization effici ency chﬁm?ehquh‘émﬁét\ﬁb@lsl@]@hdmpt fotheansinbines geaRight of a
di spl ay uwewingad tiRedehid fohgs | $ Q gbtain an i mage
“of high tl’ngflllral t ?Eg 'I%%n redup(q:)a%)f(zﬁ(;1 1&%@%}%?&@5 8"‘1 %?cergg%é“ thegetigasianwher e
a TFT and &SR3y dserideds mede ot membmpiexial baviies R @cgyﬁrff%g{a}gce

decreaamhasalmhuglpgﬁ& W n ord r to obtain a aperture
rati o of each pixel with thﬁe('rtfgédflg’ncé)gE| ﬁ%{o as?"’%‘éc nge FF’eP‘squh@BQ&‘ﬁ"sabl eto

ef fectively I‘%?H‘i.?tl SEMEIgE i ¢ onpenenha rbﬂﬁno@ﬁ%@ﬁ@@ﬁ%&éf f &agplgpgesicgcui t

struct urghodh i@ HigK FﬁsF be ahove, in order to real iz
reflection- te/1 pe liq @3 rlﬁ?g’f Iwgl? JBFAES: d&vidc@ate Vikng l(%mgmngshrmm Iiyane 4 i qui d
]

crystal W@P¥P y"lﬂéglléeamdmm:gi mtdh UheddiskBle BPSHHiBo ! _Jto(a dﬁlg&’ﬂw&h(e relduced
oe

nunber qf ks l.et ely novel pixel structure”t
corresporlllde@ tzgsgg&%{:‘g@ Ve l%l?ﬁé? @FBM@PE?I@H%S 'Hlétsﬁomant Wffimg lprieagahged -

i nvehl i dn alr@Wtdmresad}m wﬂ]yletshwghtéiwﬂ%ﬁgjl ﬁﬁ%m'ﬁﬂ%eoam%r&? d ‘Sﬁ rOVX}%d' n allel Lquid
of a hi

crystal i ce having, a pixel struCture Ftwg ure
ratio rgh%’?ggﬁxﬁ ?t H‘Bg B}Cegﬁ&‘t‘”fm&ﬂeln@m mﬁef‘bﬂy@hmmlaimgﬁbﬁﬁmlvﬁih@t&iﬁﬁmﬁfe of
masks angkst meringsifiom dlch ey f SUMVARY THE | NVENTI ON
In order, to0 Iveﬁ]he above- d’?&%&{ut&gv gﬁl Hand g 1Bt 27 &1pBR & martiy cross

t echni qU&s h BwheRy crieral r ssicture 1siemhameténsffhan PIhes aNTFIT MR Righ R 4l S

char act eemﬁ;bhgu@t)r@ Qn@la for. shielding TFTs and a 5 region
‘bet ween pi xel.s from 4k ght Oﬁi} tﬁ%ﬁgﬁe |1sr1%1‘°’%°58§é‘3:@erfﬁ?‘t“i“¥ of thsingreension of
SoAvertt i BIFSE WigRgs act eri zed in that, as one of the neans of shielding the

TFT from |ight trode and a source wiring are forned on a first
insul ating fi I%%ﬁgﬁ%lﬁ%t %IHSV“é'eth?)ta?rElxﬁlfe?%t@é'mlédﬁ&rmedrbelnagmthsesomtcag as

an acti Wémll@ylé# Slmultameeuﬂylwmhtth PorgakiBn Wr cond i sul ating
fil mthgiepsdififerent frocglét heefl st F\#gmeg%u%%rgﬁﬂ]r%omraié’ §? §§5§n\f’

i nvent i gg £6 S ER S ARRIRYSD, & degion benween ﬁ@son@eo‘fmngécmnaﬂ& [ﬁfcelﬂfﬁc@rlodb ng the
regi on beisweeuirgl xedessHiclaea o 8! ! d SO as to
overzgapa bhg S QLG 9 Wi T |Ing Fur t hgehrt% FHS?& %@h‘%%&“& ng fﬁma(ra S0 ¥ferred fo as

Moreover, in the conventional structure, a metal film made of chromium or the like
; . : . .
S 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-

tJ



present invention is also characterized in that, as one of the neans for
shielding the TFT fromlight, a color filter (a red color filter or a

|am nation filmof a red color filter and a blue filter) is disposed as a

| ight-shielding filmon a counter substrate so as to overlap the TFTs is on
an el ement substrate. 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 20 drain region on an insulating surface; a first
i nsul atin egé;l m(fgln 'Elge sem conductor |ayer (the first sem conductor |ayer
172); an SBledipgdden (3, fiiisstecedsest 0dRuLa4 1 diy e .gl ect rode)

over | appierp&“toggfr%?hae%gl fogrrati(o}% regi on onen.%e P‘gg@g?ﬁ%ﬂgt?%f i Pi¥El 25 a
source wiring on fhacP PHEEOY ROyIdpg arintariaver insig atemafilm thetebatidag SichiMrly

cover i ng wittethelight-stoelairgtfig, fvine 4 including the gate
el ectrode) and the ﬁ"oulrrﬁzgte W T ng?hegllﬁﬁ%;gg@%&%wsﬁﬁnﬁnég’eﬂﬁﬁ]@&@@ﬁuﬂfﬁlrtghe

el ect r odd P HEFERTTs thediugrber @ﬂ@laﬂsfﬁdUTMgmﬂém@otﬂa@pcg@hﬁglﬁirﬁ:@éafsé’é??ésuﬂfh,%,ﬂe
|

seconds i nstdeain mand fal iyt u t he, structure of the present ention
disclosed in the pr esent éscp())(satél:i ??%ﬁ%@gﬁe’ﬁgﬁsdf’gga?d“é%@Wt?@h@ﬁéa}@rs dEthiece

conpri si Hyerlayes dpveeubitmns Hisgdvantazebis st pESPiVEORSUE LY ; 2),.havi ng
a sourcepk@@@n, a drain region, and a chaﬁnel for rrati%;ldrt@,gas%ﬁ}%s&m\ﬂnched

bet ween t he sggrcehregi on and the 5 drain region on an insulating surface;
a first insul &siangthti ¢anventiéhd ssedt: RO SRed®e. in I rst sem conduct or
“ HAEE o) erlyeBinsiiBe¢ B

layer 172); I ode first electrode i ing a g 134)
over | app?grfgot gﬁgﬁ%&n eqov]e{) P& viege dh aod themixéliclatrodasspravided thdrbad, 10 a

sour c® wis kmgvon Inhde fdaks theps Wt | | egcond ingulating film
covering:the el ect rodgeégnd tehe souérl gg“%/&h}re:qﬁgl;?seg’ @%‘i’%"% ﬁﬁcn‘b‘“’é?ﬁirﬂ—;fcltaé@fst 0
the el ectTEEEDY PHESLEB RETPAB Of siensneeshitingtin a rseimerhiReneingclbsode 165

connect ed t o FlrthesRWFS 8n Wi em conduct or .| ayer (specifically, a
sour ce rg@i oncpgr a drai Irll\&l?rgdgsirkgn(?&g# F%‘g&%‘é‘“&‘iﬁgg? Hé’i?lléﬁ‘?%g‘ef'i(t@ Apvaadergs a

pi xel el EEPYYRE 2pboragoimmectwds meltde Memmondietior A MYRL érﬁﬂegtfd Sy, the
source  piggl iHproVes B AR ESILRI). QD L he second insdl ating fi1m

€ncy to reduce the power consumption and the size
15 of a display device.

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,

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

20

- As describe above, in order to realize a reflection-type liquid crystal display device
Or a transmission-type liquid crystal display device having a high pixel aperture ratio with
the reduced number of masks, a completely novel pixel structure that does not correspond
25 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

presentinvention without increasing the nurmber of masks and the number of manufacturing
steps.




Further, in the above-nentioned structure, the pixel electrode is arranged
so as to overlap the source wiring, while sandw ching the second insulating
filmtherebetween, to thereby shield light (or to reduce |ight | eaking)

bet ween the pixel electrode and source 20 wiring. Further, in the
above-nenti oned respective structures, the sem conductor device is
characterized in that the sem conductor |ayer has a region overl apping the
gate wiring, while sandwi ching the first insulating filmtherebetween.
Further, anong the above-nentioned sem conductor |ayers, a region of the 25
sem conductor | ayer overlapping the gate wiring while sandw ching the first
insulating filmtherebetween, is characterized by including at | east a
channel formation region, @UI\QS&@}Q‘{%PS{?{E HQ@EW%C—I\ he channel formation
region and the dral n region, regl ween t he channel
formation redPdRIEHg sehe t@é@b@vee d@grlbnd pifibilesny eiglhertohﬁernr&;hﬁfétcﬁﬂq&é QM
ext er nal folllo@ftg measurts 18QGRsE of a nulti-gate structure in which

plurality of gate el ectroges are present on one sem conduct or Iayer whi |l e
sandwi chi ng {H Bresest investibmis abgrdctarintit bes phet mﬁmureafopémaakd%%gé ghannel
formati q@gf g%ewg ﬁegrte thhggw{hge sem conduct or |ayer ediTabl e

to arrangé the g vm i N UHYHPE &P ledkemplEli o ppEsEntnatiosdn one
channel ¢ ramftrlzsd uSthaegals@me@lﬂdla’o\rH@érﬁ%ff Eféi%l"ﬁf gt itV NNeT AL Furt her,
the pres | nvrentl on is cE&rr acteri zedsiln th h,e in o%h] lgH[ ? ﬁ%\%ﬁ? ‘%
nunber o §"F 1 B8 e KM, o Helist e@wm@ £l amkiethstmrka@empmmg are

for ned afmtitundaare | t esivalg At hevki film .and in that the
pi xel el ect rdglpii thﬂﬁ onnect i on ilﬁg%tlé%géd %l-ﬁ\bﬂﬂ g farmed ograred of

the sanme it RLRh{iim hat ixdiffgrany Sotmahe fu@tﬁmsluiﬂtmgdilﬁurlﬂ’t? resehfinkBftion
aboves MERchane@rit &P nduct evice is
characterized jn t hgf&:ath\ég Oz]%elf\?\,%]érjfﬂ%gns éfh%éeég ngst %refgl‘i’ ERFeERiPRT Iy Irag a

mai n comShenbPixghelsriapdmis as‘angcdi ad af It@ﬁvérﬂ‘@ @EQ@ﬁrc@Qﬂﬁin@t |mg.[}fgfrmgg_,l lvé

whi ch A t t
A S PR e BB Bl R B B G e anant doraive e i WA

above- mérm bighida celopéitter eaees toloefilte s a i aBeNTGARE H?écpédlgﬁﬁ'rt]ég%gg ? Plue

char act r ulating filmfor 1nsu
first- el?feﬂgf)qggis% %F%St?ell hb%‘ﬁi&&rélﬁ@ronl HyRIntersubsigie & dnowvatlamthelTH e
Fur t Fer oniam eidrecralsavarai@nt i oned respective structures, the sem conductoer
device is ch Lacterl zed in that the second insulating filmfor insulating a
source Wri ng SR ho oresers ingentival disdesed i ithespresas spedificgidnayRites
cont ai nnmgs&dcbﬁ@urbtaﬁdé\né@&d}nmgnent and a second insulating |ayer nade
of an organic resin material.” Further, in the above-nentioned respective
structures, tRENKORfesatlayED(a ﬂet/smcosdlmltmrlaydreﬂ%eﬁvin@ 4 batrcORGidH, %€l

h

|nclud|agmr, rmsast acitor with the

sem conductk(;:';%ldmaié/gdrj ?gﬁgltg(i:o%%’ §He§6‘ﬂbﬁj‘8 ‘6’}(: F‘é&%‘ c¢n i€ PYHisdegied apdthehe
pi_ Xel0 efein Fegden Q@aamtuﬂd'nmgeslueﬁatﬂf ode (a second el ectrode 135) connected to
a'gate wirin a using the first insulating filmas a
dielectric. %lgfl’?% h@?ulgg{)g %g ]gfté afffP’é?qu”r%ﬂOYaHY?rnﬁG@ ifirst semigentduciarpaydri ng a
p-type é&bductl Vi ty |s added to this sem conductor |ayer (the second

sem conducto a% fgés Further, another structure of the present

i nvention relHtedrds ( LB IGHdRC uding 6 g2 electmde dierigpTiRg she ahanhiel TFT
conpr i sfmglaaon;eerg:@zooﬂuﬁ?éﬁfst |RY%BkinE@ifEd on an insulating surface, an
insul.ating filmformed on the senfconduct or | ayer, and a gate el ectrode
foréd on t HESAHREUPHINERD fhe|fmst ioheleting Blthized in that the gate el ectrode

i ncludes a fddesbn®lRG \A [ ered end portion
as a lower Ja ernan Fahh 2%(1)1‘%09?%@%8};% rog%ﬁé%ﬁ%gl{é‘gvgdq %WCWQ\W% ea
wi dt h s$if FléF ’?‘I’Fddmﬂﬁhft SQ}frCﬁé weridg;raetl el ectrically conductive |ayer as an

upper | ayer, t duct or i ncI udes a channel

f or mati on re(’igglall(rg"i';w gvét ]1%% CO}]H@Ct%{ﬁtg tlgeeeg%%@dgﬁtge? ¥§‘E¥§FF9 ¢ biftiaekiding thagae
sandw c‘ﬂ?%{?d@héﬂ |th‘is:’@lcanai rrgufanlnmfﬂimerebet ween, a third inpurity region
formed in contact with the channel formation region, a second inpurity
region formed in contact with the third inpurity region, and a first to
inpurity region fornmed in contact with the second inpurity region. Further,
an angle forned between a side slope of the first electrically conductive

| ayer and the horizontal plane (also referred to as a tapered angle) is
smal | er than that between a




side slope of the second electrically conductive |ayer and the horizontal

pl ane. For conveni ence, the side slope having a tapered angle is referred
to as a tapered shape, and a 15 portion having a tapered shape is referred
to as a tapered portion in this specification. Further, in the above
structure, the third inpurity region is characterized by overlapping the
first electrically conductive |ayer, while sandwi ching the insulating film
t her ebetween. The third inpurity region is forned by doping for adding an
inmpurity element to the sem conductor |ayer 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 |ayer

posi ti oned Oﬁ-the i@nnconduckqgﬁ%a er.beconeaq t he shal |l oner ions are

i npl ant ed.  TREFEFHIEE STURETE OR e RTESHDT By eBROMATSFIARGH ntthe Bressminpegibcti®nadded
to the senisandueiidondayer dsicaldmpiigagby the thickness of the electrically
conductive |ayer having a tapered shapé, resulting in a change in the
 concentrati off BMIEHEUCTHREdaver (@ ird semecongpetar ayer ng)i e ingad 8OUTRE tdgdon, a

t i cknesfrailiedibg, dnidaXhafha ebiididh e GRUAUGLKE bV nd BB G0ERRLAAN.ON. Of
an inpurity |n_the sem conduct or I&@er ecreases. In the sang“manner, with
t he decrdaddegipnianen npeRiegsuréfcer he first el ectrically conductive |ayer,

t he concentratiqn;: ' rity in t i duct or | ayer increases.

Furt her i n froeniiuiihe SR o the PrlotfoBEB) FERE LR sl e debiroases
char act eifidged 1 in that the first inpurity region is a source region or a
drain region. r er...in.the aboye:.nmentioned structure, the sem conductor
device is chgpg%tcg@l&%éa Ll RAe én(g'é(&fl%ﬁg%tf: e'teﬁ‘éf’é%ﬂgﬁba‘(?r}?@mgﬁﬁ? g{f’@F‘?lappi ng
t he secdbdnatigpureigion sregiedirst ingitl fign;t apered portion. The second inpurity
region is formed by doping faor adding an s inpurity elenment to the

sem ¢bnduct oP SPHWrW’trWﬂdli’giﬁe?’ﬁ% piingtilAy film Therefore, the

concent r at i on sebordshIARHE i B ertdlorhs 8RRHEdd émymets&su{c@%gﬂ is affected by
the tapered portion of the insulating filmto change the |%tr|but|on of

t he concent r t33shWaing erancasd e the eddctiode og sewsagondnsnlatips fidmi on. Wth the

i ncrease in LhenhBLekNasSRie ltfﬁecdnﬂét':{lz@gi 13 sfoh}c@]wi%igg a§8 e LALLQ ST the
inmpurity in the second Inmpurity region decreases. Tn“the Same manner, to

wi t h t hdayesdspecifimllyna shace tegoknessdrein refien) ns theateicony fistlating Figm; and

concentratio t j Lty in, the. second inpurit egi.an i ncreases. -
Al't hgﬂgh the Z%%ﬁzﬂ%ﬁtgﬁpﬁg:iﬁk§¥?r§§fegnoiﬂée %QBP?T‘E‘&‘%ES?H‘%%‘ Rreigabn B S0That
for the regiondr ithgodimaint segiceQionnhe $drend gizeRMbpdfimon of an inpurity in the
second i nmpuri region i.s higher than that of the third inpurity region
because the SUEBRG D ARURT Yy PERiBed SHUS o thoRigr) epctiars ip Praneed L4 ocal | y

conduct iowerlh@yes soufdeew Wirth, vidfe shi®witRinZQEO Bctoh iRkl didh s AR @BrdbBrldag, to
| ongi t ud | djrection of the channel i's as long as that of the third

n
i npur i tﬂl‘ff% shield, Hahts(qgrta geduce: kgt leakdng)detwern thei pigeli sipriradeyandesgiuens.
Furt her R, t he above structure is characterized in that the TFT is an
n-channel TET or a p-channel TFT. Further, in the present invention, a
pi xel TFT i s Fughgedn He absivagnentionedh saspedtiveBTructuresathdi seimieondactor deeice i r cui t
i ncl udi i i ‘| ne channel 20, TETs or p-channel, .TFTs is
Forned. Papeieted Gl hRth: A BEORNIA PREITLNBN 0001 to e BB FIBRE I e
present Ssp@eichingabe firstrindulites film thesabrivesenduct or devi ce conprising a pair

of substrate liquid crystal held between the pajr of substrates,
characteri .zegulﬁﬁ_grt’ h%\rﬁogg ptﬁﬁefoob’&r”ﬁ"é’r?n& oseg?lﬁqqd\yg}oraaﬁ%'ﬁi {2 éergé‘)’br‘g\'??}l?ed on
one of tshmicadpetot lagbr Gublappiak eise gadddiriniew Pilohd FedHih Ohe i inkh@fingdilm
senlcong ctor I%Xer hncludlqg awggﬁ;ce region, a drain region and a channe
format | efF‘é%ﬂ”B 98 HRiREkBachRY g at kasirxehanggl maHen regdomraiesiqiegi on
on an i peesedf b&tdeeHth@6Rannel 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.

Ln




8 a first insulating filmon the sem conductor |ayer; an el ectrode
over |l 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 insulating film and to in that the other substrate has a
light-shielding filmin which a red color filter and a blue color filter
are lam nated so as to overlap the first seniconductor Iayer Further, in

the ab d | PSt
| quid oryatar o ooy e e o P A R SL A BB Seopha

i nsul at i fY OPE IspnichRdpeion layse “ﬁnlxeiané\lve:dnmg)d]e fandxntshlet;ﬁg)mrthebl:Meﬁlr@

arranged field parall to. a surface of . the

subst r at B ﬁﬁal}tggﬁ%@g{] 91&8 ?%r(%%r%glonfﬁretpﬁ By Ee WPB%E&P@?Y%CHW@SWM%W i's

APt g iea g i b ke e oap st s L L
Gaidh IR fdiergponad]

| ami ndti OF PTRAUONTEZIPRe above- menti oned structure) the

seni conduct orFutensr ahie PresvitdRFeniod & éHa?en;%éHz%a hr%ai Y6kt B4l Gh HRtRind] spl ay
devi ce in_ which_the pl xe] electrode is nmade of a’transparent eiecirically

conduct i 9fe“’faFlfsrTfmﬁhF’thf’élﬂnga§heaﬂ6§tﬁ@€ frshthgrsougfe whingparesfenmed mieh¢ same a
sem condp@tedia] MG agteriz

first elect rgde 1§4 fﬁ%sﬁgﬁgﬂ?%ﬁiéﬂ %ect :pg%leé%%tg&% at nﬂfcs’ioﬁﬁpefégg%lr e
forned ofdiihefgateswiringmnse Iffa‘tmeﬁlg)fftm BaETE mlsqmabbm thel s;cor&lmmlh&ng filat 25

el ectpode 13 first i1nsulating

i rmand ¢ ne St Anify b6 lithel ot RoiR st S smispRtaciim s o5
second i ﬁmnéhcamzeg 1f1|tlhanthwlf1ga1b wisingif madeot a fil@@ohdbidd 154 manSedAbdRA: &d | M
Furt her, a turl rocess realﬁ zi ng.the above-nenti oned
structure Fﬂ ni?cg‘if?f "ng‘BHB CRRELEE Of PRIEM itd v ineh ar sepvBty£lemendar of
manuf actmpamlgaasemmnﬁyes 8bped, W ORSi CAJ charaehahidgs s & do%' i @
first s&(@g{ 8% formng a sem conduct or fayer ‘made of a crysta

sem con filmon an insulating surface; a second step of forrri ng a

firstsinsul ath?ﬂlef'ﬂl%@ﬁbdv'Eernéﬁmrﬁgqgﬁl?cEW %tﬁ%ﬁfres % dﬁasetn}i.iic&gdusc‘o%%eg{caﬂgr m ng

an el ectrode overl apping the sem con tor a source wirin
first irndwrastsrigdsin that the Eusmsniasmerfﬂmffofmsmamggaoemnue fingeleatrodgafid | m

coveri ngpt @&n?ﬂoﬁﬁﬁét@pﬁy%g tgt%?e 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
{_J 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




source wiring; and a fifth step of formng a gate wiring connected to the
el ectrode and overl apping the to sem conductor |ayer on the second
insulating film a connection electrode for connecting the sem conduct or

| ayer to the source wiring, and a pixel electrode overlapping the source
wiring. Further, in a manufacturing process realizing the above-nentioned
structure, another structure of the present invention relates to a nethod
of manufacturing a sem conductor 15 device, characterized by conprising: a
first step of formng a first sem conductor |layer 172 and a second

sem conductor |ayer 173, each being nade of a crystalline sem conductor
film on an insulating surface; a second step of formng a first insulating

filmon thgqufinkSt ggAd i.conductor |ayers; zo a third step of
f or mi ng a f}’rQ? ell?gég%raglge 13ﬁ§§g}érlf’§pap?eﬁ@m?'}£%fqrrtéi’efsfé’ﬁ’i“é‘é)rﬁ’du@t gsulatiper) a

second elSeteteode insgktiogdilindpphedot te sspenduasragangses gétele@é% e 68
film a fourth step o? i ng

Rt he first i Cati
second | EuPSsabR HIE shurfigzene et BF sslectbesse ondemafivhelcetang
el ect r odeoddBtiandayehhasagrCop¥etichd pbatlon 804 lg\geraifgé f&é}%q;%@gpg%%g%hgﬂea

gate vgl ricglg 1215 ?onnﬁct.ed to the first el ectrode

first “sef COIfGYE e 3\ apysith gmalds ikan thenofahe firstettetidiyfondsaneesid ng
the firstsseopeaneheet LN ihY.R%HWM W ring, . and a pixel electrode
167 overl a&gflr)lmt %te&sourlce vvitréi/\énérﬁcé)&rﬁtcﬁg%sy(eégg}@dqeﬁglﬂ“é‘fqeﬁgo’ﬂaltlﬁf‘ T¢ZiPP her ,

in the aBY i”&f—‘né%FO@ﬁrﬁe@ttiﬁd?y’ tcheduosiv b deydr Ssantaiaei € the @ebul dlinkhaim t he
10 SeC ek tReRtGOR : nected to the pjxel electrode overl aps
the second el ect rod(_émg(%)fr;:f_li edéﬁggégt“%?gmagg@W"?Z?Cﬁﬁ”@fd’%ﬁh%jﬂa@é'ﬁﬁnw seglon, BRI EF
DESCRI prf:l @Rp@ﬁl wr@mmm%ﬁgm in mnaﬁcmaayitmgd %@%@gl%-gi(o@nb Qn%% k@ ; op
Vi ew | i according.to the present invention“(Efrbodi nent 1);
FI Gs.lngﬁ‘tl‘gﬁr?g%@gﬁtcfi‘%”g%r‘ia‘ﬂézog%wgﬁb“%Ffi?ﬁ WRRWHY FRgiot-ocess of an active
mat ri x subst rGtrehef Bndandierferhederwbéh 985 -djaqr showi ng t he
manuf actyﬁd [&g process lof n ac ei ve matlri xop}?ggtﬁr%ge%%ﬁ(%%%%g@c[Tf?ayﬁfG 4
is a di agian JREEPHE! plaRe aaé%ﬂﬁe cGrip 198 2 fanseaskangly) issmalbdrithven it etween a
subst r at sd¢ Bidyedofrent sdobnd R1&triSali i i hg .a cross-sectignal
structure_ of mgﬁr ef é)eec,tsi oﬁ-t%pet_nl |l{1ylsjfﬂld%§§géry tegl% i@%‘é‘&?‘z&a@f@ia'{% 8Hi ment
2); FI G “BFRICRCH: P Yifedope havigrechpqiod pigle isreboradi hgs aapdied SH@SEd a

s et B RS 80 L0 B S B rion

(Enbodi nent Jjurther, in the above structure, the third impurity region is characterized by

overlapping the first electrically conductive layer, while sandwiching the insulating filﬂ“l

therebetween. The third impurity region is formed by doping for adding an impurity element

to the semiconductor layer through the first electrically conductive layer having a tapered

.. 20 portion on its end and the insulating film. In the doping, the thicker the thickness of the

material layer positioned on the semiconductor layer becomes, the shallower .ions are

implanted. Therefore, the concentration of an impurity element to be added to the

semiconductor layer is affected by the thickness of the electrically conductive layer having

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




20 FIGS. 8A and 8B are cross-sectional views of a term nal section
(Enmbodinent 3); ~. i FIGS. 9A to 9C di agrans show ng cross-secti onal
structures of a transm ssion-type |liquid crystal display device (Enmbodi nent
4); FIG 10 is a cross-sectional view of a term nal section (Enbodi nent 5);
FIG 11 is a cross-sectional view of an active matrix substrate according to
the present 2s invention (Enbodinent 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 (Enbodi nent 8); || FIG 14 is a cross-sectional view of
the pixel portion according to the present invention (Enmbodinent 8); FIG

1~ is a trﬂhal\/[hé\ﬁirgfm@um\b(@ idR0E bis QM AT the resent invention
( Enbodi nent ) ; h| S a ért(])s?s égg(gl?{)g%g{a%{n "gf the pixel portion

according to Héﬁoﬁ%séhttth@@@ﬁQ—mnntQCEWﬂodimtﬁnte 10; séthidondifctbs RVIQ@P (i ew

of a pi X&larRerti-a I ventl on (Enbodi nent 11); FIG
18 is a Cr 0SS rsgc??g%gg %lgl\?vog et“ﬂ%l pﬂg mp%’tﬁ PP g R aPRhmRItnEg R s ent

10 i nveniicbrey Efﬂp@tﬁdr;mmoﬂ.l“j"he fdcGnd tnpiwritd redios & AR @aabgmg%\f ﬁdn%o%l xel

portien j; resen ention (Enbodi nent” 12
20F a?e '2’?‘;2“‘9”t i t“g\t/\c} Ny % dté’%‘% ayst dropgh Ef&pwﬁﬁllahe&@lmrfﬂm«:fmuhds)

15 FI GS. COZIl‘ﬁnttanoﬁlzl})tlaanmpdh&gfﬁfal%seﬁ&w\lngﬂlé r% nQﬁ%t\?écrtlgd tgptliaé %er%%pl Irtganggts ric

( Embodi B EF% Flﬁﬁ 22A to 22C are

app! i ances [ EplingdHi 9shangy &e disgribugion ofitheeenvestatiomaf tae mpmeuytdfmml

exanpl e; se2ond-ifSurigdglon. 2HRANR BlealOIFE gﬁ?cng%céf' %Eﬁhg}ﬁ'@?ﬂ%ﬁm V\%ng t he
3

manuf act ur i nlg Pr ocess of an active matri x subst ra top
vi ew of SOPHFREINORG thegmpumibsdhereasond Jmp DS GRli T 8 Qe 4. Tieh PREERRRR

EVBORY VENTIS f resent invention wll be
descri bed vmtrt?eﬁm&rﬂg%t?rn gﬁélg@{h(])(:@g% Oglr aw nglgpm&\hrrpqtﬁf: GORTpEaYpn 8{ dsItmpUEByi ce

of the dfl&f‘ewsomdm@mrit@megmlmmses adtivubh seGesdidieipi Ry re%ﬁbrfeﬂs%il?ﬁgd by

substrat r e bonded.with each other with a
pr edet ertrgne %glge goa{ﬁ 8%2% %St ]i% tbgé HRPYTHX i WReSPIA AR raliongif ag empusiytin el

mat er i a|se@ca}d mqmmly oergymi al hlgrlvetrelianlatlhaltéf the Hird ﬁﬁ?pddt#?&gx@f?bé&ug@ nd s%&r{dhe
gap, i xel structure according to the presen
nvent 1 aneet oS e s oRov R E e ol sl sppaveed syt oy o by e
| i quid cscg&sidampuhmpf@yorﬂm%@ﬁm &uéﬂ@l’\ﬂi‘irec?ﬁﬁ‘ 0?'&?::’@1%11@1‘4?% oAb %s DgLpdes-a
gate V\Al’h 166. arranged |nar0W di rection)

third' 1fIpurity reglof, or is greater than that of the thlrd 1rnpur1ty reglon

Furthermore, the above structure is characterized in that the TFTisann-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-channel
20 TFTs or p-channel TFTs is formed.

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

B 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
msulating surface;




s
5 wiring 137 arranged in a _colum direction, a pixel portion having a pixel
TFT in the vicinity of the intersection of the gate wiring 166 and the
source wiring 137.; and a driver circuit having an n-channel TFT or a
p- channel TFT. The gate wiring 166 showmn in FIG 1 is a gate wiring
connected to an island-like first electrode 134 disposed in a row
direction. The gate wiring 166 is provided on a second 10 insulating film
in contact therewith. Simlarly with the source wiring 137, the island-Ilike
first electrode 134 is forned on a first insulating film (hereinafter, also
referred to as a gate insulating film so as to be in contact therewith. A
connection electrode 165 is fornmed on the second insulating film
(hereinafter, er 0 i rl er insulating filnm as pixel
el ectrodes 16371%%?]315%{7%%9%{@%&“ th@%f"%ncloggvﬁ F “166. Oni ng to the pixel
structure of meqirceismterlamegthmﬁanhéiéo&ﬁmorﬂeg@mfn ¢ firsienstiakiaimpe

pl aced so as h th te wrin t hereby shielding the active | ayer
of the TFT froérr%%u?l ‘% %%ﬂggﬁﬁ 8”1§W£f1 H% he TFT on the el ectrode

substrate frQmalcbgﬁlinsu&ltmge‘ﬁﬁatccﬁreﬁhglﬂfteéleéiﬁ)dfs%Me‘ s%@réeeai 9% of a first
sem conductor |ayer. .17Z is di sposed so as to be shiel ded TI mllght by the

gate Wiring 1%t Wﬁm&%la?‘i‘?eﬁﬁdt% th eleetrrsra the seeadiivwlateg @m; it is
desirabl e t hat cahnk@S PO BFEREY I.on and .
the drain regl%nn(such gs an DP)@@g%*ﬁgﬁxetgﬁgmgﬁ'\agpg'ané ﬁ{ee%ﬁé(?l d g’ aYFég ion
pr esent %thﬁéé?@&%’@s‘élﬁﬁméﬂmfmdmtl on region and the source regl on are
shielded fro ce t ucture zs
shown in FI erglﬂlkatyie FE E@Sn&%{e% t&}{ecs'?' g]rléeon%ucmfu 5 gefCOBHE}?H tmmgg‘rhf?atl on
regi ons ade present in one sem conduct or Iayer Ther efore, a region present

bet n one LR n re not her. ch formation region
i's \Qﬁgo desi ﬁggﬁa{e%eb&% ?Sﬁﬁgpféﬁf’ﬁ fjtaﬁemg”éﬁ"@g\ﬁﬁfj ﬁ@loié‘%‘“ B2 gat e
wiring ligee csiotcﬁmeakedmnmzamsabmgrmp b firkt sRrieyiidacior Mgefranner, which 13
is different Eﬁ Cf_\g ﬁ"&i BSUl atin | mon which the first électrode |34
serving as a ‘gutEndp BER B‘éFemieE“‘g?@\ﬂrH%tHre ihs sermicopiuder deviqsareividesmdRA- i n
FIG 1, tbelifuidsiryahlgibplagaedidd abpriiya SERMRS #i%in HALE sebbifd fn@ﬁ&ﬁtmu

over | apoggrg the fi st sem conductor | ayer through the gate |nsu ating”film

but als r"t&lé%fe}ést pRixehelecHede ag theoerimmen Hating ate artanges o tha) @ncARate t or
of 5,ad] RaephralieX Ssuridkhthe e of the present invention, a
regi on bet vve@)ea SI xel séu is shiel sc’]'maé?tl rréﬁég %Hnm nly by overl appi ng the end
of the pixel fRIderipde d®Yewnetionhe soumicetheie is povidd a Gdjestisnieypediuid gap

gap. et uau Sty SLfiet R0fich He MR8 IR BRI Mt Eo B g A et e Ao
fromli @mamycmanieotonlamanammﬁlmldﬁrm the counter substrate. As the
color filter, redc a, lamnation filmof a red color filter
and a bl ue cézlu%trhe’f' |1I“t b{)’l"’e yq“é‘%ﬂ‘ﬁ%tg fragtuse; tha quléo?‘gﬂt‘?fo@%’cq pravades & pl ue
col ono f itrdramissih- @p@ﬂﬁ@ﬁﬁ 6@'5@'! dfsbldy edemdéﬂh%}l:ﬁ? _tl_ R Tbitx@T E!@E'tréd% Ren&de & a

predetermned siti.o position of the on the el enent

t he
subst r at'&PSPRE p‘?‘ﬁ?ﬁ‘ﬂ@&’?ﬂ?dﬂlﬁﬁ"%g%ter 15 substrate. Wth such a structure,
the TFT on tRirgkengnh ﬁlepﬁéali b gat e
wiring 166. Further rmr(e b %fkkﬁee?@\é@%ﬂﬁgﬁe Igrglcgaellr}ﬂg | el%e%f(%fg% l'i ght
by the JUFGRtFVEREQD k5§h?ré§teeé¢d>mthatla%rstelactrcaimlﬁaumawdmgmgamfemtnoddambl or
filter anda@ p| r a i.l m.o | ter,
a bl ue cof’zgr flrﬂlg%e?%%de gérlg?ege%ln go f@reh?[ﬂ F@r&‘g glr%l\?i Efeagcﬂve orf th fdﬁht er
subsEt ateectindstidhagd xapac Wmngalii‘i hee formed oelecfitst mgelafifig fﬂm aodhstei g ed by

ted.to th | el de | 67 d
oo B AR A EORICELES L8 DE Bt Sl ecIRIR LR, o @

seni condlifernt frayethe T8 iasulatin ﬁlnect ric. An inpurity elenment for inparting

a p-type conguctivity is added. to a part of the second
p-typ (IEU ther in%a mant acturing process reahz],cing the %ove mentioned structure, the

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




25 sem conductor layer 173. As a result of addition of the inpurity

el enrent, when a voltage is applied to the second el ectrode 135) a channel
formation region is formed to forma storage capacitor. Furthernore, in a
regi on where the second el ectrode 135 overl aps the pixel electrode 167, a
storage capacitor using the interlayer insulating filnms 157 and |58 as
dielectrics is forned. , Although a storage capacitor is herein forned by
using the second m electrode 135, the storage capacitor is not
particularly limted thereto; a pixel structure in which a capacitor wring
or a capacitor electrode is provided may alternatively be enployed. The
nunber of masks required to formthe el enent substrate including the pixel
5 porti qrsideastag RNV E@®m F# ture shown in FIG 1 and driver circuits
may be set to five. Specifically, the first mask is for patterning the
first sem coRdugssp of iyrering 7 mindndiverdaeomddsei G pnaduas wm;k@rycﬁrctéﬁﬁm the
second nRsk ihsulf@le QaFdgrning the first electrode 134, the second el ectrode
135, and the souré% writhg 137, the third is a mask for covering an n

channel TET wisetondstspioringed Brse ifsulsling iIBA he GerflicBnby Gy GoRduCti vity i's

added. so as to forma p-channel TFT and a storage capacitor of the
dri vgsr ci rcu%&lrcﬁﬁg’ ?@HFTE"WSC%CF@? oyerlagpingike ssoncensuctrolayss arsbacbiing t he

first seviringndubd first idy@itingtfiigh; second sem conductor |ayer, the first

el ectrode and the second electrode; and the fifth is a mask for patterning
the connect i ORI SEPRIOTMIE atacangsinselntng &ilre aviveiing tiEeanste gl piexel

el ectro@elsrca,ﬁﬁrigg},chny& is As described above, in the case where the pixel
structure shown in FIG 1 is enployed, a reflection-type liquid crystal

di splay devi 8ETHNGMRS forminge pitx sliriapeoneredratheeldatdyand 8%l e

real jpze j r of .masks. An additjonal pask is needed if
a |ight %ﬁﬂgﬁgﬁ?ﬁ ‘ﬁﬁgéﬁiﬁl‘t%?é’*;ﬁﬂgﬁé%%ﬁ@ia@nww Fgcﬁewoagﬁweﬁilwhe

el ect r ofmisendictenlayer patitcesauect wiring, andespixeelshaRR. oV MWBKBI the s30rce
transm %ﬁé-type liquid crystal display device can be nanufactur edr _

t her eby. 0 in the case where a transm ssion-type liquid crystal display

device is toFtreharpinabmaiuddcining groBiss RdalidR@bddid vk AhdRiofEd Aokl 58%gan be
obt ai ned_wi.th reduced nunber of masks.” A common W ring and & p1 Xxel

t
el ect r od& AP %&E%rﬂ&?&“‘s@vﬁgtl?‘bf%ﬁﬁ%m@ aetipdedfamenyfectiiiok d wariadddatioro t he
sur fiacedeficd, hamuRsibé@bR colBREERY Manufacturing a transm ssion-type |i-quid
_5 crystal digplay device of the |PS system The present invention with the
above- descr i Bt §%P@étf9ﬁf@nﬁ/ial firste mi esrutuictye davien 1 72 ahd @ rse ckaidademitndub®r

fol | ow geemmmdhdEd; i . 1 t.hod of manufacturjng a
pi xel po??i on and Tﬁﬁér%aggggggﬁsngﬁléﬁ}é ﬁﬁc%ﬁcﬁﬁﬂ%ﬂﬂépl NNGFSUBLagRsi ver
circuit forrfe¥cprd sthpopieringimes firsoinstlagngfike bn pRrfikomhd saéodd @ ms@Rutiope and

on the goaw. substrate is explained in detail in Enbodiment 1. First, as
shown in"FI'G 2A, a base film 10l nmade of an insulating filmsuch as a 5

si | i28on oxi dehirilbtep oifsirling o firsbletirat 134l Verl Sppife ﬁf’e'fir&%@m?e%eh%tbir AGed 11 M
'S fornéesgv_c ) sub‘%trgte IIOO .made from a glass such as bariumborosiTicate
gl ass o &P unt AU SIroOvrFiieRRiRe e secondsymicoatugioraydraans asoutreasriGo it Ag
Cor p. ##0B@ fgkeiasulaingtfifady gl ass. For exanple, a

a fourth step of forming a second inéulating film covering the first electrode 134 and
the second electrode 135 and the source wiring 137; and

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 characierized in that the

i0




| am nation filmof a silicon oxynitride film 101la, manufactured from S H
NH3, and N, O by plasma CVD, and fornmed having a thickness of 10 to 200 nm
(preferably between ~0 and io 100 nm, and a hydrogenated silicon
oxynitride film 101b, simlarly manufactured from SiH, and N~O, and forned
having a thickness of 50 to 200 nm (preferably between 100 and 150 nn), is
formed. A two |ayer structure is shown for the base film 101 i n Enbodi nent
1, but a single layer filmof an insulating film and a structure in which
nore than two |ayers are |lam nated, may al so be forned. is Island shape
sem conductor |ayers 102 to 106 are fornmed by crystalline sem conductor
films manuf act ur ed froma sem conductor film having an anorphous structure,
usi ng a, %grs Osntdzf}l tIol ation nmethod or .a known thermal crystallization

net hod. CRNedEIOb PR IneF A P B pbee! sissiredmavrstans theapeonsd dearades 106
may be fconmmmkduocmgﬁéuhﬁn@@fﬁlﬂhd;@ée%f[?{x%pl y between 30 and 60 nn). There are
no limtations placed on the zo crystalline sem conductor filmmaterial,
but it is preferable to formthe crystalline sem conductor filnms by silicon
or a silicon germani UnpRSEE DERRBTION HRSBAE v pul se eni ssion type
or continuous emn ssion type excl mer , or a YVO |aser can
be uskd as alll B$a&ccompMmyiRgdragengsed in manuf act ur | ng the crystalline

sem conduct o il Yi ot h i zation. met ho A et hod of
condensi ng ng(Fas%reT? ig t%eel*ﬂ%fed ¥%§rﬁoéh?%sa§F°@|’ﬁgsé?d € JEGICBE INYRTBIOR

| i near $hmpedimendd)optical systemand then irradiating the light to the
sem conduct Of1 églmg&gc e, sed wh%n t hese tggltgs of Lasers are used. The
crystal lization cond tons e He et it MpnLRCRENEgPracess Héalbﬁérvétl@%mxbut
when usiulgtiates(Fmloodimend Bser, the pul se emission frequency is set to 30 Hz,

and he | ase nsity is set from2100. to 400 mJ/cnr (typically
bet m};en 200 gh(gggb%%r#fe "}lgr #05 shawying the manyfegiusirg prgcesiof ¥A@thageatrixt he
second batistratd (Erhifodigesh gnd t he pul se em ssion frequency is set from1l to
10 kHz, and the | aser energy density may be set from 300 to 600 mJi cm~
(typi cal | y bEtGwbis agspramshogmethe mrvyfacthiag pasess ofiaphicticondeis acbsirateo a
l'i near shap&dimidn 1§ W dth of 100 to 1000 Vim for exanple 400 um is then
irradiated over the entire surface 5 of the substrate. This is perforned
with an overFip ¥ ista diagfan8shavoin@@06rbssrsettiend! istreaturd o5& fefldcgbi-tyf BRtia

i nsuj-at | ring the island shape sem conductor -

I ay(Lallrss bgg[ tos%%%%ﬂ?% (Eﬂ}bgﬁ éﬁ;éitl ng film107 is folromed of an insulating
fil mcontai nFity 6i isi E(IDpVW]'Eh’ af tahpdeN Rt abEbriiol RO thuh¥seht muS}{D or
sputte:TLglrgb 12 yimthick silicon i0 oxynitride filmis formed in

Enbodi me atelnsulatlngfllmls not Ilmtedtothlstype of
silicon oxyrFIGS OZA faht B @fe £ Y $Rw &5t a Qr&Lse LS @'ie! £ Tab! I € QM ﬁkn' ng

silicon so be used in a single layer or in a amnatlon structure.

For exaﬂ&ﬂéatemﬁéﬂe‘iﬁ’é’ieh’gﬂg&‘%qdmé@ oxide film it can be formed by pI asna
C\/Dwth a rgpgsd I eaction
pressure of 40 Pg‘iA ﬁq{éﬁ;ﬁ e&r&ﬁ%ﬁ%ﬁg{% thé:az%gér)a;{ebbgﬁﬁsg%m gE%Bgd t3 4000
and by di schaIﬁﬁ 9é @t%dtaggﬂmwem@pss( maﬁnMdn)Jcmkaraltmnﬁﬁmiord@pSI ty of
0.5 to fig S?Pﬁdﬁl r as a gate insulating filmcan be

obt ai ned by sulE)Hs%gl ently pe obﬁ)r%hﬁ% tHer mal anneal | ng, at between 400 and
500 C, of tHaleDus;@nmmsdeldnal vmeMnfSi teRink beictio @ EmPodiment sgonductive film
108 and a ng%n(il gs%qzdgctl ve filma1l are then formed on the J 20 gate
insulating film 1 ggnal yicy ﬁpaﬁtﬂvee‘%?té‘éts?%’@ée ac‘?ﬂ@“i’&‘loé]ﬁe RIEFRMlCt i ve
fil @ 108veicdrofinebdifrear fja fil mwith a thickness of ~0 to 100 nm and the
second cond%ﬁg X? filmis forned of a Wfilmhaving a thickness of 100 to
300 nm in odf FeFOsP:seqinayqwaf PRAFLEY o g quiBrasgage owtingiig theprdsent

sput t erinnentiafn Eniodimeset); i s performed in a nitrogen atnosphere. The Wfilm
is forned b)i:éputterlng Wth a Wtarget, which can also .. zs be fornmed by
t her mal d Ny tuRgOPeNicHeRafd pixel d@ﬂQ(W: acgordiNg thelvepréssniugedntiot i s
necessqmmlmme fil mbecome | ow resistance in order to use it as the
gate electrode, and it is preferable that the resistivity of the Wfilm be
made equal to or less than 20 ~S2cm The resistivity can be Lowered by
enlarging the crystals of the Wfilm but far cases in which there are many
impurity el ements such as oxygen withtn the Wfilm crystallization is




17 i nhibited, and the film beconmes high resistance. A Wtarget having a
purity of 99.9999% or 99.99%is thus used in sputtering. In addition, by
formng the Wfilmwhile taking sufficient care that no inpurities fromthe
gas phase are introduced at the tine of filmformation, the resistivity of
9 to 20 uS2cm can be achieved. 5 Note that, although the first conductive
film108 is a Ta filmand the second conductive filmis a Wfilmin

Enbodi ment 1, the conductive filnms are not limted to these. Both nay al so
be formed froman el enent selected fromthe group consisting of Ta, W Ti,
Mo, A, and Cu, froman alloy material having one of these elenents as its
mai n constituent, or froma chem cal conpound of these elenents. Further, a
sem conductoET éi n,. tygri cal | ¥ 10 a poly-silicon filminto which an inpurity
el ement such® & 'kﬁ(ﬁ hoPsuETendopeyt, o pixsbporionsedordibgnphies pakent
prefer abﬂnesnciomqizﬂ@bijmtgg;her than that used in Embodi nent 1 include:
formng the giést _conductive filmby tantalumnitride (TaN) and conbi ni ng
it with the §§¢odd BoAdartYiw ¢f pnpikelr pediohr awoadivy fib |t Frodent NgvdnAgnf i I st
conduct i(E@,bt)Hjnggnwoy;ant alumnitride (TaN) and conbining it with the second
conductive filmforimed froman t_ Al film and form ng the first conductive
fil mdby tant&@mlbiis 2i cesy-FaNpnandewontbitri pigeli portioh hctHidlime &P E{}Q@QHCH ve
fil mfoﬁm‘ﬂtigﬁgﬁh@o%gﬁth . Masks 110 to 116 are forned next fromresist,
and a first gi@ wg process is perfornmed in order to form el ectrodes and

Wi rings. An ) LV nduc topy eligw cgup | Bee IPh&SiI38) aceb & IS ; in
Enbodi gg@ﬁ]b%dimpé ?Zi m xture of CF,FﬁandbCh i's ugggﬁ%gogﬁé Qggsg?iﬁéﬁeggags, and
a plas i'S gené’ )sd by applying a 500 WRF electric power ( 13.56 MHz) <.
J to a coil BHapes &$ acéroefecaibnal Hew : i G po (13.56 Miz)
is al so. appl.i eg@tg the substrate si deoof([t%gg%ly%ﬁg%rgbg%%gg?@e&g’&?r\%ei

appl Vi ng ¥4 HeR SEmbediment 1) as voltage. In case of mixing CF, and O =, the W
filmand therjtaNofii 6. & oxi mat el y. sanme | evel . z5 Edge
portions_of the fgilir;ét&og%ﬁedcﬁ%? ?\ﬁe‘f’gﬁ §5ﬁ03’0 "ﬁ%a%g'éaﬁﬁ%mctgﬁa‘i?é"tqt\%"elnéi%r are
made i ntBmbodigsat &d);shape in accordance with the effect of the bias voltage
applied to t u r i de_under the above etching conditions by.using a
sui tabl e res]!ﬂlg§'ng§%‘ Zﬁ%@ af%eé}ﬁﬂﬁfné; SROWIE £xBPleY Yo cleckirs apsliicem 15 t o
45. The(leneédingnt i3 nay be increased by approximately 10 to 20%in order

to rform in ith any residue renmmining on the gate insulating is
fil ﬂ? The s?lg‘?t‘i g}gyg%% szir%/i digEragey shQY M@e SXaMplesi ath e%@Eﬁé@ppti@OaSWfi | m
i s fronfEnbadishefit yp);cally 3), and therefore approximtely 20 to 50 nm of

t he exposed ace.of the silicon oxynitride filmis etched by this

over - et chi ngﬁgﬁocg@ = Af afasiapdskaving Pramples 108 eteotrit2 4pphiarmcss
conduct {BisbddimensiHi8a to 124a and second conductive layers 118b to 124b)
are 5 thus forned of the first conductive |ayers and the second conductive

| ayers in a Sii'@rérﬁcéd\'/ﬁgtfﬁﬂtsh@wfnigras@netm&ﬂmgexmmpﬂess. Ref erence nuneral 117
«denopes a g . | af4 ' the reaipns of the gate insulating film
117 not covgtrrgic? g?;%t %eZWE Is":'!t J”%’&%‘ggf:"c?%jgﬁ%{ogeg"lr?a@éP%WTﬁet f Sl idngrpde

t hi nnerPTBESE10 BN agtivd mayix subSBatapandrurt her, the first shape conductive

| ayers | 18 tl®134; formed by etchin e tine io in Enbodiment 1, but
they may al S%G%?f]%éﬁ%pd‘%g‘ff Ogap%ﬁ?qﬁoﬂ'ifp(:ﬁomn@c&'ﬁteﬁb@: A first doping process

is then perforned, -and an inpurity el enment which inparts ntype conductivity
is added. (See FI( B on, doping._or__ion injection maP\/J be perforned for
the method of dopr—=1¢ Sériatield RMBEODIMENTSNdi ti ons of a
dos@s anount Hufreihafien, ¢xbOdintedtsod 1hk p?é%@rﬁﬁ@éﬁﬁoﬁ’%ﬂll%@ REGH LA et éet age of

PO to 100 Erhiwings.

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




15 periodic table group 15 elenent, typically phosphorous (P) or arsenic
(As) is used as the inmpurity elenent which inparts n-type conductivity, and
phosphorous (P) is used here. The conductive layers 118 to 122 beconme nasks
wWith respect to the n-type conductivity inparting inpurity elenment in this
case, and first inpurity regions 125 to 179 are fornmed in a self-aligning
manner. The inpurity elenent which inparts n-type conductivity is added 20
to the first inmpurity regions 125 to 129 with a concentration in the range
of 1 x 10- to 1 x 10-' atonms/cm . A second etching process is perforned
next, as shown in FIG 2C The ICP etching nethod is simlarly used, a

m xture of CF, Cl=, and O=is used as the etching gas, and a plasma is
gener at : ] Yl 3 RF el ectric power (13.56 MHz) to a coi

shape 2§ggﬁgdé?8§h¥§@ggﬁﬁ§ggsure of 1 Pa. AS50WRF electric power (13.56

MHz) is appl Aegetibicehamplehstarpke ssuderd 4cesidipt &CBe PrAGE) inv B nds S6dS 5 bi as
VOltageuY‘ﬁG:;]h'ﬁW:% r in c arl on.to that of the first etching process
is applied V?Pnef(%mg éidegﬁ‘ft?ﬁttﬁ'%fi plcyy%ﬁ*d’éipl%meceels shivgy

condi tions, angeldmeftsiibstfdte Bicheionsleat e dg%eaﬁq%}l s %’?b@?ﬁfe?@é&%l (!u%'[r %t ched
at a-sl ower g%_Fhl n eed form ng second shape % 3uct|ve ayérs 5

137 Cfi Mg d?ﬁzm %1 Pg’-nfgec‘“l%ﬂﬁﬂtebqummha‘r‘ﬂdemaF&omdu:o»mtmevI ayers
131b toOﬂaa%hhterﬂeh&ﬁ t l Sfilm. and

regi ons not covered by the secon ape con uctlve
addi t i oR&ying aapcthaangnl K her @pd‘éanmfﬂ T20.to 50 nm for m ng th| nner regions.

formed 5 by oregng e P SRR RE LI BEAle St spdries g "dmbifelistr med
by et chiilﬁgtr@dm b?e"« éispossden aFrow éixentiphe Thafgasr wirels DE6TisNofldeBiont Wicbfi @ gas

mxt chin erformed using as mxture
Ciflalipe (Ao Shipgacth Sfr?wdﬁl ilerlE R ithring Sourer g 147 Mhnisandiike

accor daﬁr&b elactrbdenl 3 s éomgaisornd fifskinsaRdn&tifm ?l@é}eilﬁ@ft@xs TalsH‘i‘ét%F}eB tPW 4 J‘a‘?e

radi cal s .E’g‘ ﬁl Si and fromthe ion ty Pes and vapor |0 pressures of

reacti o™ 8 D) SEAMPA Byonket bapstithor essures of fluorides and chI or| des

of Wand Ta, Atbme\&lﬁh@[@arg m%m nd th vapor

pressure§ of WOI' S, TaFs, aﬁed TaC ard\e%_o é%?m 13?&%!1%%1511119@}]&8 f(t)erre the w

fil m anFime Paastan itelavep gisnlasng tféml) By pixek eleFtrodasdl (Charghs7 rhnd theegate

Howagerwulu{ feui tabl e quantity of O= is added to this gas m xture, CFy and

O react, form ng COand F, and a |large anount of F radicals or Fions t5
is gener at edOWRg 1a thepinEl struchae of hhipngestprechtion, thhactWd lal#ndiavd TET aarhi gh

| ner eased PR oRp BB e o hRHEE Hoc bt I aslPS Byncatah T o ner

TaN i s ]é@hilly oxi di zed conpared to W- and therefore the surface of TaNis
oxi di zed by e n.,of . The etchjng speed of the TaNfilmis
further redulyeb&d%q héeg Mﬁoaé H‘fb‘iest“@é‘ﬁte\ﬁi%“gm@#ﬂ%t anbenosl ori ne.

1t therfehoatoR 6 gher ofe SirP Qs Hiddngudis la €178 didid Rk ds
bet vveeg g)g\égflgmﬁand ltrhe TaN flllltmr Z% |t1gbe{:p%ﬁ§d;§&g%g%gh%}§gdn§§ﬁ]e

etchin D831 HErINg 168 rHPI2aF OR e Hieehebnat LGT NG Ao £ ismesmabsemend _
dopi ng PreitSiedent Eé%@@erpt%éfcﬁéd}ﬁf’ﬁorﬁﬁ ﬁﬁm 0t Bl Qraiifte %h sucﬁ% ' S
made smal | er than that of the first op| process Nt cas

i npur i t\ySENERE 3D ofiselpgion) ?H%Wg@nﬁtvamwMElchqu fcmmmpedegmdmd h| gh

accel ergt i erformed with the
accel erat |S§%}C§gé%1§g§re(s\sgtm %doﬁl%dlétﬁ %ﬁ% Péaé%%‘g‘ée g’r‘?dﬂﬁff’ SHPCEE o
at oRB/ WPWI4RHIG. Inswmukigatetsyructegd, aphirality of mdnelrfStrdﬂldd’t%gfdnE Sfe prégepr ity

regi on and.shape sem conductor |ayers of FIG _ 2B. The
second %8{15‘% g{ﬂl&nhpgtﬁéfagefLSIﬁerf T§3hIcgi0f RIESH! ReMReaane fheRneldopaRtion o t he

i pur i trygiehendahothanchadfel fortagmiongeidn PeNiPddTREd SPbAhitReAEDh 18l vl g
|npur|tznglenenh¥$nto regions under the first conductive |layers 13la to
135a ty regions 143 to 147 that overlap the first conductive
layers 13laThe gh%ﬁln@n%@@({@ﬁﬁedmwin&éﬁaﬁﬁ FRRSn h43ntaiidd fBELWGRI he
first inpurity regions and the third inpurity regions arethus for med. The
inmpurity element 5 which inparts n-type conductivity is added such that the
concentration becomes froml x 10" to 1x10 atons/cm in the second
impurity regions, and becomes from 1¥70' " to 1x10'a atons/cm in the third
inmpurity regions. Further, an exanple is shown here of perform ng the
second dopi ng process vvith the resist masks as is, but the second doping
process may al so be perfornmed after renoving the to resist masks. Fourth
inmpurity regions 1S1 to 1S6 added with an inpurity elenent having a




conductivity type which is the opposite of the above single conductive type
inpurity elenment, are then formed as shown in FIG 3B in the island shape
sem conductor |ayers 104 which form p-channel TFTs. The second conductive

| ayers 13? and 13S are used as a nmask 15 with respect to the inpurity

el ement, and the inpurity regions are fornmed in a self-aligning manner. The
i sl and shape sem conductor |ayers 103, 10S, and 106, which form n-channel
TFTs, are covered over their entire surface areas by resist masks 148 to
1S0. Phosphorous is added in differing concentration to the inmpurity
regions 151 to 1S6, and ion doping is performed here using diborane (B, H"),
so that boron is also added to the fourth inpurity 20 regions 1S1 to 1S6
with a cengentémts 2| t = . at /cme. I n practice, the boron
contai”ed in the q‘r%ﬁ_rt?% l@rﬁﬁ%t@”féé?’% I§E‘i[ g?’ﬁ?‘l‘d‘éﬂ@@ﬁ I\ semengiasmm gate

t hi cknes§legirodtis pearideds tinvie: piagistractbd towhan €16. 1,aReRRc1sHARE 1389, 18,

i nsul ati ggfd Lm,i IQOesféctui ns ablove t he sem conductor |ayers, simlar {o the
second d(_)pilr;g prfo ess CANG I NEEBNOEHPF AT bsFBroRHStomislier thyoudhethengatadded
i nto t heirfsolating filnpbui 4lyo s@geoBSoR! FAhLE PRPYSS: ' lons ar
formed in,the r«ée%@ecti ve island shape sem conaSgtﬁ%t;tmﬂé%be%%r{%%}gcta%m%&?e
processes.J THE PE&Hnd conduct i ve | ayers 131 to 134 overl apping the island
shape sem conddgitae phxayarhstdRetH - el ! . _Further, reference
nuneral 137 de}got espt he regi ons ﬂeﬁ%s?lﬁ%%?%lgmg]ég?‘%grrel&?@?“a”ﬁﬁ" gﬂ‘ﬁgéé%}lﬂﬁp%

wi ri ngs, P8t S MRaEnkyervaranmag therrded thipixclereomsle 167 otittomE RELIRS wihgy Jat e
W rings, j@&nd reference nuneral 13S denotes the regions 2t functioni hg as
the capacitor_wirings. A process of activating the inpurity el enments added
to the respecP?RASUCE Ramgasirapecsbapoehelactate 163188 thd ®nho@dnRHLBEIREs as

showngi ngHH ' t al,m, of trolling conductivity type. Thernal
anneal n% uf??fg%rﬁwgﬁﬁ%eeaﬂ ?%lg‘c"l?clﬁﬁpﬁggggiaggﬁt&ryg? Wedang bpo %ﬂ?i%lﬁqﬁrf@@@éght I n
addi ti onby haslr fienpaivideg! anther@phtr bhitar, ANMRAIRGIHRTNe B AIRe. Pe
appl i ed.lam{{{%lf.lann al i ng |?. erformed with an oxygen concentration’ equal
to or |ess than l“b%‘ﬁﬂ refl cghor Filthy apdechiug coler Bien erwlamiration flmpymred colar

ni t r ogenfibenmbpieeotordilted 08d b @reéRQ b Gk 0C.. Heat
treat ment%iiﬁs Od'ﬁ(er for r:edt, for 4gileour ? Oé:fﬂﬂsé%8@1{;%5%%%%?%@?@;?%%@\%9&1?%Or

cases i af the W??%OWQFH%PH thretleinpnt substwite ), ngprodBibdtom thd Foumereak
to wish dubstpgel to heat, it is preferable to performactivation after .
formng an interlayer insulating film(having silicon as its nmain
constituent) WHNSHER? strustyeghedF Tiomeheklemensubsthate eshidlderl frohi€ighoRamiyew of

the pi xady ipPLH} abt ivation step is.shown in FIG 6. The
portions it g h e?‘c;}{lﬁgsl gghgnﬁ%@’ﬁ"&f Y S§F‘&¥CCB Pigeds Gandie Shicddrdyoms Kight biar ks.
;I'_he I icnéh@)FOIQE ghey (airﬁd_l_ﬁﬂﬁii f.i&rcmranﬁ['}ﬁ%mq’ﬂhf?ﬂahe% @élgﬁﬁlt&%ﬁi?(t{m% c%oﬁﬁﬁ‘ﬂ’teﬁ}“ ot hF

ine CC,.i - ine of. in correspond to the spherica
vi ew cut ’taﬁgnﬁaﬁé’“g%‘mﬂq% red foipy {ﬂtefsc? blug Ca@d %ﬂ%@ﬂd heaen eolentihen pravaded

;per f é¢ menh thecodntepsulRirheur s at 300 to 4s0C i n an at nbsphere cont ai ni ng

bét ween 3 an%l 0% hydrogen, gerfor_n‘i ng. hydrogenation of the island shape
seni conduct of * | B8PS CAPRATIOIHPhdBs Pikel glseirede tlérmisnatisiguddnly i ngebamids i n
the 20 issimicuthdab@paye LTS enteetato iy, ; which iis thermally
excited. Plasna ydryggjﬁgati on (us; nG@%?ﬁ%&@ﬁgéggﬁ 44 °g5Pd %’r%@ﬁsﬁﬁﬁay

al so be Y81 B} HeWaHRE AlstcrEering e seedndhsedriogretuatdr dayer Wid ns thkkelease, @fn usi ng

an VAG | aar dcomeE K R A R APPSR At o o Pretiy

si liébn S%@_‘QS’%F{H?@F _iad’ér 1?3-nﬁandeq@hrc_ffmdnlitr@ dfhke ahpveryERiMhdON@Hen a voltage

LY i 0genakpfta 1 ! Shodd LEELANST33, PUIALL BrhbliSh Fodon T Eointa do Torm o 2
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 capacttor is herein formed by using the second

14




a thickness of 100 to 200 nm A second interlayer insulating film 1s8 made
of an organic insulating material is then forned on the first interlayer
insulating film1ls7. Etching is then performed in order to form contact

hol es. z2 Source wirings 159 to 161 for formng contacts with source
regions, and drain wirings 162 to 164 for formng contacts with drain
regions, of the island shape sem conductor layers in a driver circuit 406
are then forned. Further, in a pixel portion 407, pixel electrodes 167, the
gate wiring 166 and a connection electrode 165 are forned. (See 5 FIG 4)
An el ectrical connection is nade, in accordance with the connection wring
1 65, between the island shape source wiring 137 and a pixel TFT 404. An

el ectri ty et th t W|r|n .166 _and t.he
Firet of boreage ot ok e e BN Bl Bosth oL P Sl iie “wi ¢
the isl aﬁdc}s laapepasent G?andgccbroa dapyeitorcaecesRondpngided a9 aAthhmp elawer of

t he pi xg ed(correspondl ng to the first semi conductor layer 1727n FIG 1
) t0 an eY I'sl and shape sem conductor |ayer form ng a storage capacitor

(correspondi Tye h@nitee of eeBRE réfiicd A dYEH ke bRYRN LRl HkGdink that
t he pixel el eg\?r pode 167 is sh?rﬁed bet ween %dj acent pltge | s. H% g‘f:}@%‘aﬁ?

circul t PB4 HG hh PReed RrGTaIe shpwndp F1Gal god M pietircRits rayhe seheh five.

n- channgpedifitady) Bic RREMhNESs Rir teﬂﬁ@rf PQQ}SQ’QJMQ@M?}J@OFI rﬁ"?%%{sd I-EFICC%IEQ and a
storage is, capacitor 405 can thus orned on the sa rate

conveni &sBEOngpster {ayge 13%; alsseond @asls iy fofr qratterhing theesfissh ehctiode 154t thiex
subst r atsg.dnlar tq14<hi annel TET 401 .of the
driver rgl I‘c;(I:]EI ?é{%g%%hlgss aild %f%egdur{:ecg r%]%l?éﬂlgalton G%LmaP%éoﬁ?ﬂVPH”gr?ﬁd}l ty

rlegl on thangydTapheéman trnwirsgctm;bncﬁmdnmhnugdmmfe chbBductimitydhaddydn® 23 gate
el eciyo erl apped- LDD). r egi on) . £ secon npurity region
Tt B R tort e T T R et LB G o frwthi sk or

regi on) fommidg tdoataki hsleslraanhﬁngt therfégi mid&duastrqhydr UmetdeOtf fnidoSRidre
TFT 402 has: a channel formng

region or a i The annel

regi on 18§5" E‘T‘\ﬁj [?Fgﬂg‘? tsgcor"ggq Istrodsandvbe fiftH s »gask orquiterang the

conduct wmdcwﬁreieb&adem.";bhd 203 h@ g StatArif %Braﬁé%e :El@} él@&ﬁ&c{ks'l@?‘%ﬁty

region ]1132 fornmed outside the gate eI ectrode; and fourth inpurit

regi on 3- whi ch functions as a 25 source region or a drain region. The

n-chgnnel TFA443 g h ri.ty

regi on 145 overl aCH@e:]dgat e gg(r}gjﬁ conc?ggzt P]\%eb(}gl %t}@cigr% g]\/9%'pd E}rgf#(ggprrg 3 gate

el ect r o§EPlqyed Draflegliomtypet ligyid eryomﬂdlsplpy |d|et'1yce he*gngla higtOpixer apettuetitasipde t he
gate el th rst [l region 127 which

" funct i Oﬁggorupgg% l&%;)gé?‘?‘{éﬁ?%nw‘@gg% éﬁﬁf “?‘BB‘? sl ' 70 pi xel TFT 404 of

the pixel poAniaidities] rrmslc fremmedbd tfar ngmgrarnegmng EYekiridale dohdtciviei ist y

regi on 146 overI |n e second .conduct i whi ch_fornms a gate
el gct roéSed flfﬁ_ geil%%o% t?‘?e%éﬁol??dpf“l[ﬁfﬂ?‘?/t‘?m d{eé‘r‘ie‘iéﬁa?‘br n%@iw'é‘(ﬁrs?dg t he

“t e20el eahsmidsion Ui iROd oftal difslay dievidd dafibe WXRUFAChYed BBF8). ARS VVRE 6{te
nctlo%as a source region or a 5 drain region. Further; an inpurity

eI enent “MTcA tf%‘é’t’%@%%’?d@%ﬁﬁﬁ@ﬂ idjsnigy Hevigeidretn be anamdaciesercamixlt or
layer waparturt v bpéb%u@%%n%%%ﬂ&?w% thd'edatal ﬁﬂﬁq%%?@ﬁdsk@ 405, at the
sanme concentration as.in the forth inmpurity regions e storage capacitor
405 is for med GRmoRWiEEANd amueeéﬂegu@delazgaameénoammgeacnamganlmmc field

t her ebe t r Furt he

i rrpurl t%é{%ﬁglrr@ntlﬂgmﬁﬁgﬁe bﬁ%grsugﬁrgt?)e/lggr%%g njldar?]%rl:l H%l{;g,gl Esrjag%lsalon tylije ﬁ%ﬁ

sem ¥ondysabgisplaydeyds dfsbaiRSesystesn.second el ectrode 135, which is an

el ectrode ofy 405, al.s uncti o aj.e el ectrode
" of adj acent pfl‘ggﬁg'%ﬂluﬁ% flﬁﬁgﬁﬁléﬁ ({VSrdesgllt?ﬁ%ls&Pere ‘tvﬂgbef(?etsgrtlge@[@é‘t‘rﬂbede 134
f unct i odetaddyahgfillovabgetnbodiandms. t he pi xel el ectrode 167 and al so
functions as an el ectrode of a storage capacitor -for the pixel electrode
175. This feature is suitable for a small storage capacitor which is

requi r efEmBodin@insp] ay i.s panel such as 4 inches or less in diagonal. Al so,
it should be noted that a pixel structure as
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shown in Fig. 13 is suitable for a |arge size display panel. A top view of
the pixel portion of the active matrix substrate manufactured by Enbodi nent
1 is showmn in FIG 1. The portion which correspond to the FIG 2A to FIG
6. The line AAA° of FIG 1 corresponds to the Line A-A" shown in FIG 4.
The Iine B-B' 20 of FIG i corresponds to the Line B-B' shown in FIG 6.
Consequently, with the active matrix 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 fornmed in
different layers so as to shield fromthe Iight the sem conductor film by
the gate wiring 166. zs Further, with the pixel structure of the present
i nvention, SOLﬁ‘qE‘E@th?%'@@“‘ﬂf@ﬂaringmgﬂxblmn&m il DV (APh-bia e rpal i ons of

. H a -
t he pi xelch@h@é;tqrfopbe@asglqpertcfmhi[tf&e gﬁps bet ween the pixel el ecirodes Ran be
shiel ded fromlight w thout uslAg A bi*dB% PRaERHSIX Of Misarise rpmmtio e thepiaxed
structuré“%%ﬁ”chﬁk@ei&aﬂmbstbdteisd)@ﬂaiﬂéd(jglde@{ipﬁtgrgg@dimw pg large area can

[ 23

be di sposed sg; .apr.o t aperture ratio. urthernore, in
accor danc_el‘ Wi 1??11]%? ﬁéggéocégﬁg" 2%0 256 fiirpid Odimadet of1an iheladag ifile b hk%
subst riat éilan oxedefimykaiiicon adriby filsi 014 sfij ks.(an island shape
sem condqg?gﬁadea%er aZa%tern a fi]_rst wsr_%?ﬁgoggﬁrgdr’gﬁfﬁﬂ’ﬁcfapﬂa?%@“%H@S?rﬁﬁest
el ectrode 06 HANABlastisuch s hrpm gesilieatel gldse os el sum dro@lidald blasd
sour ce amypicalbr aigladse@ic@ns Obrofy olRIT _pat contact hole”
pattern, .and a s?igggg Wiring rga_t%:_gﬁﬂﬁ(eﬁgglgu%l?s gorp%ﬁe’{]’ Eﬁéﬁ:t FoH&5amBlE, 2
connect i SHEPRER 3 pHEoRMK votedg fitre 10 4, intgm fAG6):d S SiH.ENM ! ém{]ﬁeo

n the’

3

-processedy eRRMAE VBIMEE i s.,.eqntri es a reduction in t
manuf act\m&ng costs and éﬂ@?ﬂﬁ%‘&b §@@Wef%&gbé‘?@éﬁ‘?mw&ﬁ@b’,bca‘l’qerm@ghdt he

exanpi’e pE)amd 2dadwgensed sitiden anaitide iEaU0 Be Wil -
si nmul tangﬁujﬂw irﬁffg'?ﬁ{ejjﬁ %%ven J E%t hi f @nlbodi mersllt ,I éﬁg?ﬁ%]?a&n%gﬂﬁ%nys%lé
addi tional |y formed and fhaedapiskngss el re20rm (prefarably beoteeotl00ded 16§ be

separ at ePj)fisforeed A tvd fageesiucime i AstMITh ifically, ortion
over| app'h?g‘ }ehlg érifm copduct or | aéfr whi ch ?%et%%%g@ﬁ/eﬁpg% %mé%qlg}é@f g&f”r‘ode
is first Topred ALY S selatng Blm. akn sociure in whpsh mpreathpn teEaye FRIE | T Y
el enment laoibdtedposy blem bsEsvidag as gate el ectrode and activating this
portilgn, t he Ifs!.[arﬁt 15 electrode is formed so as to overlap the gate

el ectfode. At'SPAfsShaRensemicoadueten tlaysss wedh tbhadgate gbartd asle apdaline
first elsaticastfictss figh feor m a. contact hol e hut rerely by

super posing the first %@P%ﬁg%nﬁélﬂ]eyg%%gl&?? S48, haying dpermopheus our ce
wiring i SUFBIFeIRg midsenaosulizption trietiidueort d ksdw e HREHECEstaTBh S0Pl AN the

utili zatTeath i r er _.havjn | ow resi stance as a material of
the first el g:??%ﬁ@%@@ﬁ@@%?ﬁ%&%@?ﬁ@.?anG; 102rpdEp manbedprisep frooes of

manuf act'@rithgmatpreferable bewteen 30l bticd iy STHEre tirs oA m ALY RELLS 1the
t

actiy % I at nuf actured in Enbodiment 1 1's-expl AfAedhéfow in
Enbod(?nerzﬁisrtézmngll%%éoaqae Cg)geﬁ{“? drateHel b ariatpreferable 1f feem fher stysedlig ni ng

‘the act isemigradntior Siltas by ailRo8br FsBcoft obfin r ith Enbodi nent 1, an
orientation f}“ m567,.is forned on thegact%g/grﬂrggﬁﬂ’rqéﬁ%“\séﬁﬂbstrate of FIG 4,

and a rubbi nd' FPYCESE 25 & Bykseregtipton tym osspoShTs SNistiomtypeBEBindr |%ERAT ed.

Col or fiYA@rladeayars YD, R &AL | ayer. 573 are farmed on
the opposjng.substrate 569. The ¢ gﬁ??ﬂaﬁ/_@?gﬂ?%‘gfg X‘éffdemﬂa““ff‘@%‘ﬁ%t@uch
that thé&¢ Frpenducys Silmstrthe kesei argstal lizmibnendtasd. ARG RO e8h&nsfid ter
571 .25 Ilaser light emiﬁed from a laser emission device into a linear shape by an optical system and
then irradiating the light to the semiconductor film may be used when these types of lasers

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

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

density is set from 100 to 400 mJjcm? (typically between 200 and 300 mJ/cm™). Further
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having a blue color, are overl apped with each other, and also serve as a
light shielding film It is necessary to shield at | east the spaces between
the TFTs, and the connection el ectrodes and the pixel electrodes when using
the substrate of Enbodinment 1, and therefore, it is 5 preferable that the
red color filters and the blue color filters are arranged so as to overlap
and shield the necessary positions. Further, conbined with the connection
el ectrode 165, the red color filter |ayer 570, the blue color filter |ayer
571, and a green color filter layer 572 are overlaid, form ng a spacer.
Each color filter is formed having a thickness of | to 3 p.mby mxing a
pignment into 10 an acrylic resin. A predeterm ned pattern can be forned

usi ng a nmask which s, a photosensitive nmaterial. Considering the

t hi cknes's ed‘fusﬂ%ﬁkﬁv’zf?‘?}oléﬁ?ﬂ g spcopf hrrmenig ipused andehhpilghtmokion ieqapaser s
can be neée fféram B tEKAzPMI 4.and 6 um. oA i.s formed
by this hei gaglt when t he gcti@%%ﬁﬁ%ﬁ?@ﬂ%gg@sﬁggﬁa %%Sqtfﬁoéngggé%gﬁg@ﬁﬁ%trate
are | oi io@IEHydemasen 3i0ang\A0p soidmT)aY be laser light oediehyedantoapliieaathahandeni ng,
or a theyyms [ ' .y Amteri and.material s such as

pol yi mi de anlgbg(!l:%fci' %@%é?ﬁ@%%égﬁgged%@%?’ 'esjg?ﬂ)lréa%‘ OYF aheE e sErede t he
spacef s ardhe sbstateeTin ischeafapined avith an oedtthptho P80 &6 989%Eesr BE 1Langed on

t he oppggh g substrate so as to line up with positions over the connection
el ectrodés) as shown in FIG 5, for exanple. Further, the spacers may al so

be arranged dng@oirshiatinpiiday 109 i6 iyl 3 Rerfd 1ASiskdlshilfe Wikl RPBELONS
over them{IfTiggf]ﬂ]he dr.iver. circuit. The spacers may be arranged over the
0

entire sufrfa t RICARsWnecklm: )% s fermedant andngnlatingfilmagotenonyrsdiged so
as to couer a situkess W HONES 58NN B J3m EVR0S ogl | egtrode 576 is
f or med lg%/( pat eé_pi ?Jg after forni ?\?‘%ﬁg (gver cosgtﬁﬂfngﬁ;%r %51;3) Ergﬁglck Sﬂﬂﬁ?ﬂi ng

pr ocEss FENHTe Bimegfosmed in Egthedimenin . Fiegateainsvlatifg Film 5 dot 12hitdkhe @t i ve

mat ri X suRsdffsat@®nAxywhiiab s el i .t driver cirguit are
f or med, SR oppdsi n g‘&‘ﬁi‘%@é’pgea@@rith@rﬁnﬁ‘ggl TSR IR 11508 gHYant
S68. A fiseibeuseding siegielayeoot ine lsenlation stﬁﬁﬁureaﬁdréﬁaﬁ}pﬂu}@ﬂ&u%ﬁxgmsﬁ&oare

j oi ned t 1 upi f or ap_nai ined by the filler and the

spacer STOQ%\QI ?g&i 24 tgtrglgl:?ea?g)rﬁnaetdgb ?ﬂqa%%t‘ﬁﬁh %/HP‘éB?%d)beEE@éeﬁe%@ﬁthvit he

subst r apathosilidate hirsi 0.5 acorptteingiryssa@Ifad Paywiis EH&uBst%@leirrlﬂ;Qrﬂ@xte%Ef @hm( not
e

26 h i f i LA K 1§ quid tal nateri d.
Che 1503064 Bod RS Ay dilenatiinh 8" hieh Fitaienc L SEAURE) Ghotsicaous Spisty
devi ce shévntd 6.8FWEM> GoodhiharaermRliel £, &e[ﬁm%%ﬁi}@)c%k b-l;.hn?oﬁi%%tg% ure of

the active matrjx liquid crystal display device obtai ned by-usi ng
Enbodi né%?seﬁuwt4Y|Pe§89@§¥éﬁF% apeafng cf é?@@é@‘*@@)amchﬁ)ﬁ"&p of/ihewilicbn Bk@e 7A.
The conpbAenismepifespnding to those in FIG 5 are designated by the sane
reference nunerals. 10 Tn the top view shown in FIG 7A, the pixel portion,
the driver cidEsteondugivediler Hff andmpecondsomidnaiveXim 109 asbiteh faindR the

(Fl exi bbae Brduttfd it 8+t ol 0 %Jawiri 4 far connecting the
external input térm naw %%}d\?\{ ﬁ]&?ﬁ e %l‘é%tfng%s%g? f‘trﬁé:opg'é‘ﬁé’étfil(f’el@i Bcuits,
and t hefarmed ofracT4 Gikmrevition thickzess of 60 net 00 xirs WhS thatR0R0 Londheivaglinvie
mat ri x o an osin bstrate 569, on which a color filter
and the 11 Ee atrag“’%@#nn@%dm%?éﬁgglﬁdéapﬂlw #@ HACH %Ph‘éﬁh,me%hde ching an
end- seal i ng His TalNdilnbis §otrhe inbsiunesi, ofidIsheidring el th RPediiid PREdthapage of a
red colpr.filter or. a tion filmof a red color filter and a blue
d lé)f:to.clena{ Igﬁ;r\ﬁ il f d col f'I% nd a bl
color filter 8 TPOSPRERS- dritet SURdp Ermed by spsterie vaitlya W tangati wihichicae alde ver
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 xQcm. 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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circuit 205 and a source wiring side driver circuit 206 that face the
counter substrate. A color filter 208 forned on the surface of the pixel
portion 407 facing the counter substrate 20 is provided so that each of red
(R), green (G and blue (B) color filters corresponds to each pixel. For
practical display, color display is realized by color filters of three
colors, i.e., red color filter, a green color filter and a blue color
filter. The arrangenent of color filters of these three colors is
arbitrary. FIGS. 8A shows a cross sectional view of the external input
termnal 203 shown in 25 FIG 7A taken along the line of F-F . The external
termnal 203 is forned on the side of the active matrix substrate, and is
connect eithitoted, ¥d ihadilgidechRraB aggy! as that of the gate
wiring b %18 % ring 209 formed o%%lg[gﬁgingwéﬂ?/rég%s"}gn%%ﬁ yaf 9@?%’%?%%
for reduti ] ﬁﬂpé?Pﬁvbﬁlﬂéb@éhgoﬁnaddn@nmbymmgnhgsmsvaﬁﬁﬁ\L@mpﬂﬁﬁﬁpt t he

nter ayer snculacing 11 Fop gsgron s ss Bhetcllh iR chbe ihcveicigiia base
fi 1 m 212fosmation.the reﬁgstlzmsof@ th A ad2brmidrhbd fehigxter nal i nput termnal by an

ani sogropi c t onductive resin 4 Furt hernore, mechani cal
st rengt his %ﬁgnt@ggadbma&f gl?en?B L SORGUTH vt 11598 5 #il@ (BB 25AdMe sebend

exter naIanldpcltnvetfekmnsmaW fA6Sini Emblediaiehs 1 \t\ﬂiﬁéﬂhdh&l@e f?l'fr%%?e ﬁ&QfIﬁLQJBat Ne{s w of
t he ext eé%% termgatq se tion shown in FIG 8A. The externa Aput rm nal
ed”

203 provi THE 5’?0”1? %CISEFFK/%IW@@éhﬁgpﬂat:@lsxsnmlguﬂé"a Wheiwi ring

211 forndd, af, hhe &8 4y ctr.ode .and the source
W'ring an the211 ru?n 209 l?grnﬁ%%ﬁ%%wﬁgo}]p&&] gesetlel%én%%ﬁ‘} YR CORE Ifﬁ%e'

ol ectr od:g rqrp ajchemical campopnhef thesd gements) ﬁuaherexaafrpicendhﬁzt@’fm gpit R

St rugs ureni-sii t i t ha e ternal termnal section
may be cagpns}'z it i&{%géﬁﬁﬁhgﬂ« %ﬁ%ﬁﬂgu %lem?}iu%‘r Pﬁ’gswqr?‘ﬁgmé@@e d, Py adspanpl e,

in the &sescheEramples of treefaeble emmbmahomfcﬂlbﬂrhalnsmgpﬁ&fdl Ut RHo8i¥ndnb g
Wi ring r s the first el ectrode and the source
wiring, a%%gﬁfnﬁﬁﬂ%g%@?ﬂgﬁﬁﬁ%&%%ﬁ "BRAAm O gtTHw\ﬂM Fergbming it with
requi r edhg sedoadreomduative fﬂlnefmadrfgorawwfﬁdﬁ fbfrm‘irigtethéaﬁ@t J:(S%%Et; 19%%
ure of a Ti 9a, an

t he pix atriple-la ered str

Al fil m%‘lilgb% L‘gﬁ&é @ﬂﬁ\‘} mngﬂbwrté@q ¥oprd pemlugtive ﬁéntﬁarsmdfﬁrdmnamz and
t he Wi riAldiigt and Thimsingitkd fiﬂs &dsdwand Trygs sane | ayer
as that OF eégﬁ' x&qng: ectr(t)de are %%ﬁge tﬁﬁt Hglglgrrl]éo he gh éﬂ]%é P%gtmpl C

el ectricd nGUCl-falen méﬁmi@?@gﬁbﬁ a thernosetting adhe5| ve 214
and el ect ri cddsks GQ0dCT 18 ArdBbihdd 88i248mTieSRE g %tfﬂe{ ﬁt'é;ﬁi there

forming an electrical zo connecrion structure. nlgraﬁ'iﬂ’ceﬁﬁl’é\ 7B
is a cr GEEOHRYY Ipprser tf ieFmeieatiedeeandowiriigsi MoLRCR ena!ndmaklym slagsmd) Fl G

7A) tak I t d t t I
10 bR ke A0y O £ B Lo b 5

Ag c o%ﬂd: Rtphing gassand apjasthats gnnaaadwmpp@ingtlaz@ooew%p Ele6ic! e pg&? |

rtic is appropriate, electrica

2 onnect ?t?)arll gé\?t ﬁép%ﬁegécz%(raf égbg]ﬁ‘d |”’hg&$\n§¥ ﬁ%@f g peve (d S%éfﬁﬂié iSERD enpliede

formed o tfﬂacsubstcmwsndagtesﬂméde ‘g’g qtﬂffelcﬂﬁelwabﬁfy 5 aeﬁﬁ@é‘ée}i"’b%ls 0g1adng active
e ured as

matri x r vi ce manuf ac descri bed above can be
used asH‘sggJf é{éﬁgg?@\&gf&\? fmsang the Tabinfillen arspet¢hedde she @®roximately
same level

25 Edge portions of the first conductive layer and the second conductive layer are made

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

10 to 20% in order to perform etching without any residue remaining on the gate insulating
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[ Enbodi nent 4J The active matri x substrate manufactured in Enbodi nent 1 can
be applied to a reflection-type display device wi thout any further

manuf acturi ng process. On the other hand, in the case where a

transm ssion-type liquid crystal display device is to be 5 manufactured, a
pi xel el ectrode provided for each pixel of the pixel portion may be forned
of a transparent electrode. In this enbodi nent, a nethod of manufacturing
an active matrix substrate used for a transm ssion-type |iquid crystal

di splay device is described with reference to FIGS. 9A to 9C. For the

manuf acture of the active matri x substrate, the manufacturing process up to
~0 the formation of a contact hole reaching a sem conductor |ayer is
conducte f he process of Enbodi nent 1. Next, the connection

. | owi ng t C . Enbo ]
el ectrod I’ITGEIL}F&\%&&%HH%@{iaﬁ@h‘?tol‘i'@@'al]ﬂé%fl\l/mr\’i’lﬁgreistittacmd Whiélns oufirere X @gdon, a
gate W r{tpeicallP3), and g Fg}fp(}‘,,' | for _connectin he drain
el ect rodgpgﬁd@{ah)e pi ;elr@fgl ect'trr%)gglagri)g% {S’%ﬁghif‘&exﬁi\%&. ¥ égeegféf"éé‘ﬂ’f:%es
and wi ri RYSIHIE (BBt iaietdad by thispvirmgchang pioeessr Fival Shpe onvdluetivy RyaBYAR 1f i | M

by i i on befor tterning. The Structure i
duscr i boq | o doraRyeeRs KB ARRE T e e Susbe v an i 108 hedetorre .

el ect Podéusdarmees efthe fasplondudivei lafdrt mBORaetdhd WnTBEVeAafert i ﬁé&%ﬁ‘@cé’f 50
to 150 n@it‘ﬁ?h@ﬁrstac%ﬁrm a confact with a sem conductor | a%éeir that fornms a
sour ce reg;ﬁg}n or a-dr arneFEYiTONCTGReeImeLlddd deneipea sdninsalatiog fibm, 4ndybe . An
Al fil m 8gidnsicd theogare thsultiag FinaK T8 cMerdDS the f ; p the
Ti film [390{'% and 20 then a Tj film 30lc or a%?iflﬁg%fjﬂjng%?lgrg?%‘%qf%{%i?i I m
is forne FERIESIInE LY iFRIDE 06201080 nB. 200 nm so as to obtain a
triple-layer efurBier Wbt Gre hm , nent. el rically conductive
filmis formed on the entire soﬁra;l(g%g lac?f%r% %@ﬁ?éﬁéﬁc’é@g&bﬁ egi?‘ﬂg\écmr[g{le and

i s tHen SUpPBedisent . utihey mankisg bt feratedenta pistaigy af @bbingsmsk and an

etching treat : ' ctrode, 303. The pixel electrode 303 is
formed on a sﬁgﬁd&_{)?g{ée)érl{%l%g?é tl)ﬁﬁé B%Jéf mies #7 F W%HEI%HF“&W%&%QWPES Pesin
mat er i al YPaRendsivily porddedn (SeaceFIGa 2B N i dupis@oNRetihRoteH ﬁﬁglbeg;@rféﬁéecpf a

pi xel TH 4 . t 0 ;be .t hrough contact hole). thereby formng an

el ectri cg)lrﬁ%o%%@gta ?)(gr@%%gt dPRdPPings Eefﬁ’%ﬁﬁe i tgﬁ"‘b‘?ﬁjﬁ‘?wfﬁa@ﬂs@émﬁﬂmd in
the fol |dfuirag pridbbes SxF'f stomsieht 8RS PREERerBiGS VbitsR! by 6GHdUBtiNe W I mi's

for o] d interl ayer insulati film 29 Then, after a .
pat Fggni%é%tdfcggag I Ugﬁé EZ%“%‘%‘LHP#@H@ ‘g%mlﬁfﬁusé%%éfﬁ@llﬁét(éd) tsousedrmthehe

pi xel el iequroglelemehewhRh NaBAHON PR LhARIMl Ry | rough
t he cont ach hol e alé)/ fgrrri n9 t he }g}grﬁnectilng)ﬁ'gﬁg??%opégﬂ?%(gg%tu%% fct
with t he"PERETVeiayers iR o AL2abergimer mapksoithhesspecarts e entypel @otlubibaty v

duct | patid cot] / 0 Q) ean. sraignd , dii
oxi o (1 gy ey ekl b et id AP ot s Ry 20 elrrng,
vacuum #lignipg manner elhe ikwpurinnel emeiti wigich irepirnemtyfeaonduaiviryat added S i S

conduygt ag thyrifsi i sid type solution. Sin Lesidue is
Fikely t o be Hlgg’t;iner zgtﬁégé/ %q%r%%’ﬂgqétlg%iaﬁta a&PX&P&a 197 14 F(Si’)’&?foqtﬁﬁgﬁ)ﬁfﬁ bdi%e and
zi nc oxidM$FmM O - Zn0) may alternatively be used to inprove the etching

processabilit i the alloy of indium oxide and zinc oxide to is
excel | ent i nAs/?JerC? g@%ﬁigmrﬂﬁqggis%gf%pqi next, 3sshpwarindl GsiGpilbe {GP asshugar ed

wi th | TCrethbe iusimilaflytdied,al hostuef of OF], €N, Q¥ @8 j@Rded ] ' Id the
Al film301lb from contacti nIg t he 8i xel el ect ro‘dle S%Sh%ﬂje%%}qg%ggﬁaagé%of t he

connect iFoH 8 BEFPIGES RY15UPB Yngd 606G Ve BF relesitvepe werctliBeit. Ml ayit arcbi} shaienc
oxi des | slatrede at 5}{5&'&5@@&%£@P§.r hadoWaLE %lg&tn{grp\%@?egaiggﬁ |I\?t12ﬂ5” ¢ 1!6('%3{%81&(1

conductive film [n addition, zinc oxi
(ZnO. Ga)y RURIGUde Hesipicsestageh nanhe eelfbias soliageswliivh isjiowkr ini conpagisbd ghthatand an

el ect ri ealhe apgeednivg b I j S ~vi.ew of .a_pixel. The pixel shown
in FIG 2~_has an apge?totﬁgs ggﬂggeddf Tg%gﬁlt?ﬂ%ég/oem%ﬁg aE%ﬁ%BR’&PiJ% uﬁg?rrtﬁgﬁondi ng
to thosé&lahingtaagitig, et Bughe St evriudtvohgetspiy ahhetrspitelly ef-peEncs wser al s.

[ ansm ooy £ SETPPAR OB B R Rl B Ciadon B158re Ronfisure apo

term nal provided on the side of the active matrix substrate includes the
wiring 311 made of the sane layer as the first el ectrode and the source
wiring and the wiring 309 nade of the l8ane | ayer as the pixel electrode.
Certainly, it is nmerely an exanple showi ng the structure of the termna
section; the external input termnal may be fornmed by either the wiring 133
or the wiring 309. For exanple, in the case where zs the external i nput
terminal is forned by the wiring 311 formed of the sane |ayer as the first
el ectrode and the source wiring, the overlaying interlayer insulating film
is required to be renoved. The wiring 309 nade of the sane |ayer as the
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oxide in the region where Al is exposed is conducted after the formation of
the wring 309, so that the Al film 309b can be prevented from contacting
the pi xel electrode 303 to cause a corrosive reaction. The FPC is formed by
the base film 312 and the wiring 313. The wiring 313 and the 5 wiring 309
made of the sane |ayer as the pixel electrode are bonded with each ot her

t hrough an ani sotropic electrically conductive adhesive nade of a

t hernosetting adhesive 314 and el ectrically conductive particles 316

di spersed therein, thereby form ng an electrical connection structure. As
descri bed above, the active matrix substrate allow ng the manufacture of a
10 reflection-type liquid crystal display device is manufactured with five
phot omask nbodi ment i while an active matri x substrate which can be
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portions of the gate electrode, and through the gate insulating filmin the
vicinity of the edge 25 portions, by ion doping nethod: A first LDD region
835, a second LDD region 834, and a source or drain region 833 are forned
outside a channel formng region 832 in the first n-channel TFT 851, and
the first LDD region 83S is fornmed so as to overlap the gate el ectrode 810.
Further, an n-type inpurity elenment contained in the first LDD region 835
and the second LDD region 834 is 32 hi gher in the second LDD regi on 834
due to the difference in the filmthickness of the upper |ayer gate
insulating filmand the gate el ectrode. The second n-channel TFT 8S2 is

al so formed having a simlar structure, and is conposed of a channel

form ngdp ¢]3] ol 839, over | t.he e el ectrode,
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gate electrode and the first electrode may be separately forned %

di fferent manufacturing steps. Specifically, a portion overlapping the

sem conductor |ayer which is 15 to serve as a gate electrode is first
formed. After successively adding an N-type or a p-type inpurity elenent to
the portion serving as gate el ectrode and activating this portion, the
first electrode is fornmed 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 nerely by superposing the first

el ectrode on the gate el ectrode. Mreover, the source wiring is forned 20
srnultaneously mnth the frrst electrode Thrs alloms the utrlrzatron of
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A driver circuit 957 having a logic circuit portion 955 conprising a first
p- channel TFT 950 and a second n-channel TFT 951, and a sanpling circuit
portion 956 formed of a second n-channel TFT 952; and a pi xel portion 958
havi ng a pixel TFT 953 and a storage capacitor 954 are fornmed on the active
matri x substrate shown in FIG 12. The TFT of the 34 | ogic circuit
portion 955 of the driver circuit 957 fornms a circuit such as a shift
register circuit or a buffer circuit, and the TFT of the sanmpling circuit
956 basically fornms an anal og switch. For the active matri x substrate shown
in Enbodinent 7, a base film902 is first 5 formed on a substrate 901, of a
filmsuch as a silicon oxide filmor a silicon oxynitride film having a

t hi ckness of 50 to 200 nm |Island shape sem conductor |ayers 903 to 907 are
formed nEJCUPPIBE s the gamagitdi wiingsni conduct or fi | m manuf act ured by | aser
crystallizati rml..crystallization. A gate insulating film908 is
fornmed on t_heRirbsrP%er%%gﬁgﬁveatgléﬁﬁ%gﬂ%@gleweéﬁ%?cgﬁd%”?en‘&éi’fict“)‘/eéﬂl@ﬁ’eﬂtﬂpﬁ\hi ch
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6, a

substraf@aﬂ§6ﬁgﬁgﬁﬁ$nﬂW%bl 5 portion with the pixel structure shown in FIG
1 can thus bevher MRtbasEyf L4IRE 2 1688 aRfdal b % b LG Ao | y
devi ce i{lﬂg]ivn in Errboélisnent ZE-gar] ala‘slgéaltljﬂeﬁgnng%h[?%ést%?gﬂéb%?%r%é%%ge’ tﬁ%?ﬁ%g
mat ri x fycdt 2 4f Y Ahblageraaptbedradintgdfafies formingtherpedte T Okd frofm siheod ogi ¢
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n- channel, JFT 9~2 of the sanpling circuit portion 956 has a structure in
whi ch a%fE%EPF%B1@ﬁeéﬁbﬁﬁﬁcﬁﬁﬁcF%@F%n are formed on the source 15 side and
on the drain side, which prevents deterioration due to hot carriers in an
anal og switch that operates by polarity inversion. In addition, this
structure ains to reduce the off current. The pixel TFT 953 has an LDD
structure, and is forned by nmultiple gates. and a structure thereof ains to
reduce the off current. On the other hand, the p-channel TFT is formed with
a single drain.sttvcture, and inpurity regions 929 and 930, into which a
p-type 20 inpurity elenent is added, are forned outside a channel form ng
region 928. The TF Ts structuring each circuit are thus optimzed in
response to the specification required by the pixel portion and the driver
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36 impurity elenent to the portion serving as gate el ectrode and
activating this portion, the first electrode is fornmed so as to overlap the
gate electrode. At this point, a contact between the gate el ectrode and the
first electrode is formed not by formng a contact hole but nmerely by
superposing the first electrode on the gate el ectrode. Mreover) the source
wiring is formed 5 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. (Enbodinent 8] In this

enbodi ment, a pixel structure different fromthat showm in FIG 1 is shown
ioin 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
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enbodi meht thitdhienpirieg tedibh 788 baslapBinaQte WSioRd : is.
di scl osed, | A Jag%azggfrrstent Lai g?é%gn No0 7ca%%%&§rw@e? lgée‘gg’%é% ired. An
exanpl e ©f° V'S regen)e fin sechrel impnBiy, regiesel 40 forgied redtside Hreagaphous
sem conaigtote (BYE reion);f f: 0 nm.on.a | ass
substrate i tF]e san%im%fagg%ﬁl&% (})’mﬁ{&?%ﬁl %ﬁn@rn;% DU &Py C%Fleg??q m
for exar%laéﬂaii%e%]@ﬁrred to a thickness of 55 nm An aqueous sol ution
containing 10 ppm cal culated by weight, of a catalytic elenent is applied
by a spin coating nethod to forma 25 |layer containing tile catalytic

el ement. Exanples of the catalytic el esent include nickel (N )) germanium
(CGe), iron (Fe), palladium (Pd), tin (Sn), lead (Pb)s- cobalt (Co), platinum
(Pt), copper (Cu) and gold (Au). Besides spin coating, the |layer 170
containing the catalytic elenment may be fornmed by sputtering or vacuum

deposition so that the thickness of the layer of the catalytic elenment is
1to 5 nm 38 '




In the crystallization step, heat treatnment is conducted first at 400 to
QQO0C for about 1 hour and the hydrogen content of the anorphous silicon
filmis lowered to not greater than ~ atont Heat annealing is then
conducted in a nitrogen atnosphere at 0 to 600C for 1 to 8 hours inside a
furnace annealing oven. The crystalline sem conductor |ayer 5 conprising
the crystalline silicon filmcan be obtained in accordance with the above
menti oned process.. By formng the island sem conductor |layers fromthe
crystalline sem conductor |ayers manufactured as above nentioned, an active
matri x substrate can be conpleted, simlarly to Enbodi nent 1. However, in
crystallization process, if a catalytic elenent for pronoting tO the
crystallizati Ghe@ixe$TIFTCO3 dfShiSQEL nfHi L out |1 x,10% to. 1 X
10'*' atoms/cm (pof the catal ytificgeﬁcg‘[gﬂtﬁésfgﬁlg@[\f\é%ﬂp%r%ﬁ%n}ill’él?f’dt%”%
seni conddCPBIY %5 14 OvER2pRIRg dsusesend possidsive layercidgpivetieh FétensTo Tajen
such a steplc8od®YGOID b f HoIN e t enai ni ng, catal ytic el enent
from at | east tlrge CIFI%}:] é@{)ﬁggﬁcﬁgdﬁrga?rgﬁ?g@%i]@trot”ﬁﬁdﬂ%‘éﬁ@t'?ﬁgal‘%ffﬁ?if%‘g this

cat al yt i ¢L-BbFRgIAN); andhtheefinst inmimty regson 28 vehiel flations aPhASPRETAMS gP)a tS A

getterd ng.4; -qen |t h [ us for. this purpose can be Tonducted

si mul tjang(r)%g? ,]%'t Eux}[i‘%éer, %‘g{}?@@??Sﬁ%g’gﬁh@dmﬁﬁ%a-ww tanductpdty iygdded: to

concent r &4 smictnduetes plner uShicR)fumeivas 386¥e ElettaRl drahk @@xﬁr?%}’ca ScipRbSX;mat
-

to the i LLy ncentrati opn of the high concentration i mpurity Tegion.
Ther mal g% ;%gqeicﬁég%nfqr ok aﬁﬁ’ttﬂ?/gﬂrpﬁﬁl RS al RovpraBe canecudnAS5cs Birevdnt t o

segr egat by theoerotnkeledteotedl3 sfaa6 AR I sQhtie BivaPief ’ o JET and the
p- channel_ TFT. tg%.g%lgeflégtguri ty regison Icgntygi tni negEgﬁeggéﬁ%?g@g?aﬁ%r?sntﬁ? ﬁ%?

concent r a1 6HE fro an {RBURyedgment ov hatheimenirts peype gandstivity & added

concent r &f iheepficohdkctb? filha 05 Bechl ' Lnpurity region. The

TFT thus fabricated has a Iomrgég&%%@%%?ﬁé%{pﬁ\gg u%a%gﬁ"c}"qﬁh?%edﬁd%de of

cryst al | i 19rageirapasgion ¢ 05 aksp ghndtions disef g elevnbid bf yd}aafntgﬁxahhm ngd, and
i

excel | eng cterishil, C ceonpl kshed. z5 This enbodi pent can be

freely cgﬁiﬁagi}ﬁgg v%nq ?Hﬁgk’eﬁgﬁﬁg %gg%t?or(%cﬁ% g”‘& 1088, 8% 8 S ElsCiredstor the pifeent

10) In t Biegtredeolii andriso fangtionslas s eloatodent b kB EYEh&Tor fBr}‘tE@[Siﬁatelé&x%m:t hat
t

of Enbodisen iS.sh in Fl 15 A cross-sectional structure
Cher eof Fo-g Eg\%%elatr‘#‘?:fsé‘mi‘gmof P&Wﬁaﬁ“?rﬁ%e SAMAFRRIWAIht P Gpuisgkdn aadispigy t he

line 16f pankl serichsal inchessordesstin hgbake M, dnGohiliehd Adig Bt E‘ixe ;E(EU ure as
of an active matrix liquid cry ta} I splhay

enbodi mept “§hov§1§. a exar.rggg‘l[eﬁll ¢
devi ce 5701 A 158[]% Sruppllgdospiargnsiagfiselag pamsl( al so referred to as a
horizontal elgabpiviewidt e pred Ykeion BE tlkéag'%ﬁ%sﬁx?glrpéngtgfsﬂ%{ea%ta%. éé{i“%la”n t hat

a pixel %c rode and a common wiring are both on ofne o ¥ of
subst r at BRI dt1s shoven EEFIG.cl.f The portion appeh extrdspoad hothie ZiGt aA Wimiect i on.

control ot 15 he oy ont hd Eanaebantp el e PLIROm 160t KB ToF ree

controlled to be oriented sub: 1al’l'y” par
-substfat ¥ Fihd qoriesponsisitotheokint i Bf BSwo isjKE.én al | ows a vi ewi ng angle to

be increased. 15.. first sem.conductor layer is denoted by the
ref erence nun%(%ﬂ%fi&:‘%ﬁ‘ﬁali” a'sltgitgﬁcf’ ¢ l‘é?‘ri”?:%]ﬂ)aﬁ’&g%’fatq &i’/\é‘Pg Bhe Pr elegtrofle & the

el ect r od&esspt IGation, the Cosictlaitrede ne@lg pay olflﬂﬁy\.ta% BAUGSSnPithd %Qe Rlecd@b. a
gate wirj . L n W rings 1108 and 1109, a connection

el ect roddé]la gt&péf%‘,gz%%?ggg{exrgm ‘i!g‘&fj}%‘ﬂémbl)?yfﬁf?.asTﬁéhﬁi@éﬂo%ﬂﬁdﬂgf@d}eﬁ 1111
and 15 tsesnconivorr filmibyghe §dQ8viang 16609 are placed so that an electric

field,parall L?_J ﬁ%ﬂo thg_‘éurfaﬁe of the substrate is generated. The conmon
wirifigs 1108 "ARdCR IO GF 81Xt Eeduis of she preseay nvention, seursowriciegwisrarnggdd 06,

resul ti ng as w byaapUR BBEE peHiohd 6t 1APFIEHIEC el SuchindiiBe Bgierween 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.

24




portion. As shown in FIG 16, the first electrode 1104, the second

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

simul taneously fornmed on the interlayer insulating film covering the source
wiring 1106. The first electrode 1104 is electrically connected to the gate
wiring 1107. The first 25 electrode 1104 overl apping the first

sem conductor |ayer 1101 functions as a gate el ectrode. Although the

obl ong- shaped pi xel electrode is shown in this enbodi nent, the pi xel

el ectrode ancFLmrmnmmiredl@@tda@d@wmwh@ax\b%e%eéfstﬁi%ﬂpﬁlda%b&&ﬁr{egﬁf rT@tructure to
further increase a view ng angle. The Storage capacitor is fornedby"the
second sOAT RortRRiRly cap be maaifactuigd by hisinign vk aphatgmashism(aowaidnghi e
second s:miceihdeirQiydr 11 Q% . | ectr.ode (1105, The second
electrode | 105 is el e%ﬁ??&%?&ltc‘ggﬂ]&ﬁgﬁglggﬂgb e[%\‘?\/iff’rgnede%f(’dteh]ema(ﬁlj‘eacent
pi xel . NSFeRFEECIreds 133pund thy selresrenring 137)) awparde ang aalrpintry@lensSTPIMeing] ty i s

added:t i 0 er 1102. 5 The pixe|l structure of this
erbod: romy | anpon SR aTHE e ind BYEond §ifne BufingPEi S pedixclslaciageor

Enbodi mekt7, eonection hlectrodesdé Siand thepanes kinatiba). naof resahagl Pme&ssés cdiier the
i di ne

state s [y 15 .and 16 are obtained by using Enbo nt 1, aeliquid
crystal r}g?\ﬁ;cﬁldai‘/ﬂd@? %"e“qf@“%foa? FREGCHQN e A&t eastseand an iBntsast iment 2.

The gap thetgeput. pi xel s is shielded fromlight by using a color filter

sprovi ded on e counter Slﬂbstrate toin a simlar manner as in Enbodi nent
‘2. However, SiERVenaltigyghdle examnle whists thy gate elactrode pat e sawye wiring ber an

ori emnd atsibltidedatyefatmad sk lih kg eﬁsﬁm{ Lo this embodi ment, a
pi xel structure o?thné IPSEszsgtdé%&d?i eren%mfgg%%ﬁ]gltasn%fmf}%%cﬁﬂ?ﬁﬁt 10
i s showformedind the zatelegtange and the trshelesttadeanay e teperaen formedhinwiftdrBnt! G
18, il usddudid ' ng.t line J-J' gnd a . .
cross-section nt@xg_rll(%%&gﬁ? g%ge%% n?’lnanﬁe&ﬁ-g‘lgp%r%ﬂgi}’%htﬁ‘é >R E?W@qﬁferé{" ek s
el ect r od@ sgVe ghp gagmbkatiode s fiissfatinkle Adrt sfdcosmivddaiddhe Bha b p-Lfde and

the str : ] ixel electrode is substantjally_ identical
with t hgﬁg@ﬁ%@%t&%ﬂﬁq’fwgﬁwmg&?@Gf\e qgctroderand aptietipe dbis antions thefyer i s
denotied elgptrofeisfofmed neas wverlap thb 2k, clete@sd A3 6T 56mE UChRfacl BUEEePMe! 202,

a first e by .,.1204, a secand el ectrode b 1%0aasource wring b
1206) aggkteié‘%m%?a?ﬁagbv %b%‘?c-té%ﬁﬁég?fmesinﬁgey B@rm{rmecqﬁactm@gqutanerrelwg Y

connect isoperpbsing thedérstile bR ondhdli Xelle @l fiet j
connection .el ect rode&ﬁgg 121§nan0¥ 3 W%m’éﬂéﬁr%%\g%‘%g%a}ﬂﬁdt he

] : 1213. The pi xel
cormon WP RFEOUSHE1 {ryglesiredosThisallews she witligatian of bleatinim driceppkr

par al | ehatiagtdnewsiesikange & i rateds As the pixel
el ectrode 1311, an el ectri%yar‘ef/ﬁggﬁ Ec ﬁ&é&f@?%§f§%h5|3?8‘}eﬂﬁn§r the |ike)
‘haviffg a light transnmittance is used. An additional mask is provided for

patter np@ﬁbgairﬁéﬁgz | ectrically conductive filmhaving a |ight
transm ftance, so that second connection el ectrode overlaps the pixel

el ectrode t oAditPesys of ernniaalrimgomative ofhtriAliqaleayahcakplyy QNS gLV el i | m
having 8ctive 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




41 light transmttance is used as the pixel electrode to inprove an
aperture ratio. Mreover, the comon wirings 1208 and 1209 are placed so as
to overlap the source wiring 1206 to inprove an aperture ratio of the pixel
portion. As shown in FIG 18, the first electrode 1204, the second
el ectrode 1705, the source 5 wiring 1206 are simnmultaneously formed on the
insulating filmcovering the first sem conductor |ayer 1201 and the second
sem conductor |ayer 1202. Moreover, the first connection el ectrode 1210,
the gate wiring 1207) the comon wiring 1209, and the second connection
el ectrodes 1213 and 1212 are simultaneously forned on the interlayer
insulating filmcovering the source wiring 1206. 10 The first el ectrode
1204 is ekoerﬁ_}erdis%ahlx (Zztgnnect ed to the gate wiring 1207, and a portion of
the first electtodé1209 colpsritigspaveg S7Aehtvinsta r&erdoﬁﬁnshtptfﬁrcdhﬁryﬁ{ter]%ﬂ'
f unct i onshadng a Gaicarobelel9d8 W@!d ugh, t he obl ong-shaped pi xel el ectrode
is shown jn this enbodi_rrer?t, e %YW)F}]G CEPB}F{T%’&@‘W&V%%lxghtﬁnmmgfilm.
el ectrode rﬁ@ﬁcﬁéﬁi‘éy@W@%aﬁe@st&egphcmdmhﬁédnuﬁ& quS,ta‘ﬂdftth}x%écﬂio% !lgcgrg%se a
view ng andgl ge kg é{:&?cﬁﬂ?u&%ﬁa% tor is forned by the sernnd se H§GEt or
| ayer :%202'§ethl§l i&;\ﬂsgu@latl g TP i EEy BE ST He of Ecehndliment tomdubt @foreaygE
1202 afd Pr§éeraile drad thelred tolodfiltdr2@5d thEMmE S@EGHT 5l 1302, 8
el ectri Caéhlié/id(ff?@ﬁ'@%gfagq;to the gate wiring of an a%jgg%grgﬁeedﬁpfﬁpomﬁ%é%r,
an inpurity elenen p?%%ﬁ‘sti ng a p-type conductivity is added to the 20
second sem corfduthearcolmdigsd 4202 ThGefi re of this_ enmbodi nent can
be obt ai ngd b'?une the fgme manuf act ur i nS p‘%ﬁgécl%%}sd’dégltﬁghﬁf red C(gﬁbgﬁ?rrﬂé}‘ﬁr 5705 f
the mask pattér i of NEfbBEEmeAt apdiasgiehmngled filikf teer 5h2 asd @&@1@&1%@“{#3
FI GS. 15 apdcet6 Eash edlbatingds Rymig] | ment liquid crystal difsplay
device is obtained by the rretrrrllqdhggggg?@g%nﬁsﬁoaﬁ?ogﬁl'ﬁ‘é’ﬁ(tmlzf.mgﬁwggﬁpt 2B
bet wedh pPIxETEls Zesimi eh duedererormdd gMerbwaUStbmﬂ)rﬁleﬁstq&{%gil{ﬁﬁr whfQVided, on a
count er hbBsIsERSiBy @fhatddi i.gent 2. However _ since the |PS systemis
enpl oyed .in this enbodi ’ﬁggt@?‘q%‘?&?‘@ ‘ﬁ%é@gé‘éﬁof Hheverroahlayer dfehtoat jon the
t r eat ment'iiM of Hie sphkess cyEhbodiertnin 227 42, préfrdo BetRaB0E L HE Bl ) 2
Cross-segd fd}ﬂf@'ﬂit@”h'i’scﬂéi%ﬁt o{fa stor.age capacitor, different fromt Af2Pof
Enbodi ment. é@ i's shown TR F 7 16 2CHNE mathx Sybstisée andbthefopposingrsabarapaci t or
of this énpedifagetiteri Theiokéreoanbyd iOMribabyQ lPRALd o 20d the .

: P2ty 3h PR RE g oy A raimORetinen «

st rucfsur 3 than .t he stprage capacitof Is substanti

t hat Ig’f Elr-%tgg'le ?%’E\‘{]”fter ’ealldgl?ﬁg“ﬁ@}ﬁ Hicheasi polsineide Sinbyactyle RaliBafcefiREeRGe -
nuner al sessnplieose of Enbodi nent 1 correspond to the conponents of

Enbodi nent 1. First, after the state where the interlayer insulating film
157 is fornmed P'S2SHISAMTHEEOf Ble|sposargmeh be narenhareduirbingrily, 6@ & Qhc&ihpdi ment

1, an adblé tir d &mgk d j r.selective.etching so as to partrally
oty e drRoRnEShBE B Htap i egaronop ughs spabtive

renove t elncﬁﬁ%rla er i

et chi ng, “'8ATPHSes %‘P@&ﬂ indd Gl & fongxdrhpiem Rﬁﬁem@sp@i‘er@an?ra%rgecarfa%%g 5 8ﬁnd
t he 20t efhke i j film. 157 are selectively left.” Next, a prx

el ectrode %’ggs#}g %P iaﬂrdé%g? ﬁ&l’elroelgff uwlﬁ?‘ﬁ%ﬁﬁﬁﬁi%htheﬂﬁ oft the algivec aipadi. t or

is for rTE—thbWatCh@ Banbeamahpet @vef the@ntive surface of the driver circuit portion, and they
may be arranged so as to cover source wirings and drain wirings. | d
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

b - 0
etween both the substrate, and this is completely sealed by using a sealing material (not
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including the inpurity regions 154 to 156 and a capacitor el ectrode 1301,

using the first i5 insulating filmas a dielectric'in this exanple.

Addi tional | y) another storage capacitor is formed by the capacitor

el ectrode 1301 and the pixel electrode, 1302, using the interlayer

insulating film157 as a dielectric. An inpurity elenment for inparting an

n-type or a p-type conductivity is added to the inpurity regions 154 to

156, as in the pixel TFT. Wth such a structure, the anmount of the storage

capacitor can be further increased. 20 This enbodi nent can be freely

conbi ned with any one of Enbodinents 1 to 9. [Enbodinent 13) The CMOS

circuit and the pixel portion in accordance with the present invention can

25 be useghdor i ele - 1,C evices (the active matrix type

liquid crystal giﬁ’g%?‘g?)'d”ed‘vkugﬁcge‘%aﬁgﬁltdh@%%t’?‘%‘ ”%{W;et% 3%&’?%3?%11 égb'spal

devi ce) . MBkRSIaf od be tagvprregeint liquidentystein dsphiybeedgplshedn tia i, 5hRSE s

electronk&nﬁgﬂaiances in which such electro-optical devices are included in

the display"portion. The follow ng can be given as such electronic

" appliances : a video canera, a digital d3 canera, a projector (rear type
or fraqnt e).,. a head-nmounted display (a goggle type display), a car

navi g tig%%§9é¥%ﬂ¥§g car stereo, a personal conputer, and a portable

i nformati on tThabthadtuleoIche a%va iR I RIQUTRUIRS; - el.ephone or an
el ectroni c bgao : _Exl;ngl es ofl t hese al.lé shom%l%{l%l%@éeg%?éZ )%)EE%“Q@_EYS
FIG 20AY}'88 féé%@ﬁai doHdst dascribadawith refisrdngdds the topiviewadyFIZOTR,. @hei mage
i Nnput  POEdmPEnedd 2orrdsddina I 03, a_keyhoard 2004, etc. The
present i nvg(rsl?i on can I%'g aggfﬁi e S% 019,[‘]%1391 %é%%%’gﬂ%m%%ryt thnsa%’oé‘?f%{eﬁée

di spl ay P¥®Efadn 2003 or other driver circuits. FIG 20Bis a video canera,

and iy inclu L 1 di spl.ay, por.tio 102, .t0_an audi o i nput
portilrgn _2103fjﬁxztp_l)]grta :v%r\fb %%%Wg@%?&,tﬁegp%gltﬁ%‘?n’f%é?v%\%ﬂf%}ﬁ’ pvggfermal
recei vi nippbreringrl 20860 wich anTFRC (Flesidld Piifte@ liican) g%naed,aanpirin%dzm%} he

di spl ay 8%&%588 %OZFQ%ﬂoth%r dtu%gé§%yécunhsé FIG. %OC is a nobile _
conput er’and e TSR IR IR #oanput setigneptbpsspedivezironits, ard i mage

r ecei vi nipepiketaro fordR@dn ARLEME HRFSWMHERE20220he 285 ' '
2205. W The Fg)resen invggéi on can be_applied toetaﬁﬂg‘% [ Sﬁ"?gbﬁ}éﬁt??gﬁhfgos or

ot her si YhBFPEHIE FOFI RGO devhics 2 cplapfiieppnd thedike taraforme themelbomdedtveith t ype
di spliay &dchmﬁerh%ﬂﬁﬂ&hinggﬂ Zeg%‘gé?ﬂﬁllg ﬁ&iiﬂ Srggitﬂ?lggg%ﬁ Ol, a signal cable
a~di sp

2302, a head fixation band , ay portion 4, an optical system
2305 and t he illght-alielfing Edm29G6nads: of a TdecadoreBkertori nlaentatinn filanobe reppl i ed

20 to t i i . i.S_a player that uses a.yecording
medi um gﬁj ]\%Ibt?l?é hﬁ%d%?é%{%}n&ﬁg% é@g&g%ﬁgxﬁlgpgg?rfsg?ﬂye&o&algg@ ‘Y‘S‘nﬁélc% dr¥Ebr di ng
medi un) , Clegvdt 20%eany] ayeurce mitinglside alrived CirOO0RAAL faca thé sPIMAYr ROELAEN 2402,

a speake i a recordi ng. nedi. um 2404, and operati on swtches
2405, et%ql&ﬁg{[%r%%%ﬁ? gn g éﬁg%gfefécgl’feéewmnn"é)a’r%ﬂpaﬁliles%wf‘aéuaﬂm

(di gi2palis prowidec s ihaeeathsh fed(R)agebh (@ hditEe @%@&ifﬁwr@&br&fg B! 6 eadiN®
appr eci at.i nn[_?f ernet_ can be pgrformed. The

film. ganme pl ayi and the In )
ROl 0" SR tich! HSPIap IO ISRIAY IecalizeBPaoltiliesnotboe apforstirer:

present i1 nve

driver ciedeoldrsiltel|dgreedbolbfiRerdingidtthe EABPLiRer. 2 drfanbBGERART ot TR ody

2501, a displa ortion
cﬂj tﬁgse t re% coﬁors 1s 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 tayer 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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2502, an eyepi ece portion 2503, operation swi tches 2504, and an inmge
receiving portion sa (not shown in the figure), etc. The present

i nvention can be applied to the display portion 2502 or other driver
circuits. FIG 21Ais a front type projector which conprises: a display
devi ce 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

whi ch conprises: a main body 2701; a display device 2702; a mrror 27083;
and a screen 2704. The present invention can be applied to a liquid crystal
displayI giﬁq“?SOS conprising one portion of the display device 2702 or
other driVercdi“Buits. to FIG 21 Cis a di agram whi ch shows an exanpl e of
t he structiheerraf iddnadifds s i ' H 2702 of FI G5 21A and 21B.
Each of the djsplay de%ic§§¥%g§%g%§ﬁ%%8g&%ggggf§ggmﬂﬁﬁN§$§%Qﬁﬂ“”FﬂgﬁPU%ource
system 28 lf‘allrrp)‘ ABralPYORICapidczBally rondRHGe resisli2ehr oFGiHEHBR! R8H3nic@ Prism

2807; a difegpthds exyS-ad pdi, Sk vi.ce 08; a phase differentiating plate
2809; and agl%lr oj ecti onng??lég%cglgﬁ@ﬁlzgg'lo. The projection optical system

2810 Tonpri s&¥Gt 8Bshpwala ¢:ttyrmoal inppt fegrdinal 2OTS BSIAY WAICR Y GoeeldABliens.
Though t‘);@wmc%e%er%gp%di megt sho an .exanpl e of 3-pl at e type, I's’i's not
to limt to this examprsa 56&“9{]\%?‘@”% &1@- $4pdhagytepenl immd térarindlrdBance.

Furt her previdepen abosidawy tepaitiop matie Wb i cal,ql,ens il m

whi ch hag @ f “”Ct{'ho{_lm#tg ol g{i ze |i gst , g@@??ﬁdﬁlfhgﬁxl% uzsltlgfgém%cﬁgé@e

di fference and &nf 'FE&‘S‘ ectrpsie atbthg sovisavipag mndthewririny 209 faimteavsfi n
FI G 21@he zondl 2 Mat 5f aed} W l.e, of a structure of the
opti cal }li ht Ba?til; ce saystem %85910 t%:)‘:HI%G f;?sc?ﬁhaﬁéﬁ%at& éss@ﬁﬁe?ye%%?rﬂ%lﬁt t he
opti tal ?gwgt bl eEuLttheiczBOml sestipniase shat sherefidragltiormiasiiskerian iaghk

source 28d4stiuteen 14.. a..ppl ari zes conversi on el efrent
281S: and altlclztoner??géla?‘gr\éﬁ%@%Zpgf\ét%ewqjﬂﬁtzﬂghg%ﬁqnﬂ?’ InjtRehease sheesethsy st em
shown i fXEral tgminglseetimelsycoastitexdyl the anfng 161 Séantet B kSO Plel iihLed to
this 25 Lpstance) an aper.ator y. appropriately dr'spose an
opti cal ffﬁfﬁrs%{rgd? if’ﬁ{n‘qh%ié“é ﬁe Wai“gaﬂﬁlﬁ@fl%% l@sg?%géumpéerlmgng theavifing @il whi ch
adj ust sisareqhas talbé fememat: and wiink 00 hille 61 e sTR 1A SGhA osliRW N FI G
21 Lﬁgeselgcﬁg@eq;mazy og t% el ectr?-opt_l cal device and the application
exanpl e to & T urPEp IRy 5%%“51%9 dToiikm 204, eredd Gl 289matd 4 $4 fikh 2O@ed. 45
F1G 227Ahé 5P€ ipfuriellbeg theb L0 ROAS 1 MhE theGAMRE 38 STHR WIB dy,290.). an ..
audio o @DE{T parii onngOZ, an audi oh(?_ﬂjgu.t p%???oﬁhlgé‘géng(%?g?%%lﬁﬁfl B#tion
2904, og r SYTI5H ob Hiersamedayeo asthabofdhe pixahelerirmle 2006ondet ovit idaeh pHRS BYEn

i nvent i is@afhibeepiohll - audi 0. out put .portion 2902, an_audio

i nput p rti,gglw(%& a.n)g&gdgicéﬂﬁi@@%gg?‘:’%ﬁs(?lfg%gaH%T@P%?“%?&Féweglépp%ui ts.
FIG 22B°78callyspadustvebpaskicies| 26t dispesed obdedinwhharbb e GORRINS S cfeciian body
300y digimRkaYorPaRideas 3002 and 3003, a recordi ng nedi um 3004, operation
swi tches 300a and an antenna 3006, etc. The present invention can be

appl i ed to tPetht ethtrlyandoFiG.omB isIEB3sandtidRA3 i o et eV gl upéehﬁ}ﬂags- to

c
FIG 2263 & i whi,.ch co i ses: mi n body 3101, a support stand
3102, and aog‘f“gfé’ﬁg@go‘“r’t‘%k&ﬂ a%i’%%e E.Of%hg?p‘?%%ﬁ@f diamegsrtafohe elsotrisellappl i ed

to the aindpttine potitle @634 ORalldhBarilh SRERYE e |G DRSS o!nﬂ}{gf‘t Lé%gm'is
advant qggto[huéafor a tj&ﬁr e size screen in particular, ancf 'S van ag%us for
a di splay equar'te’ C%F‘été‘f:éuy cguctive parieles2 (edippusal inyhegdiwsive@ 101is
gr eat erapphamiad) eleathasdonmctidifwsth AR} esnd il |icabl e ran f_the
present, invention is thus ext enel y Wi éé?d@ﬁ#\?%rﬁfion HEide of P Cean

¢ tormed 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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possible to apply the present invention to electronic appliances in al
fields. Further, the electronic appliances of this enbodi nent can be
realized by using a constitution of any conbination of enbodinents 1 to 12.
20 [ Enbodi nment 14] Although the firsi e _,,”, hing treatnment for formng the
el ectrically conductive layer of the first shape is conduced under the
condition where the etching is perfornmed once in Enbodiment 1, the etching
treatment nay be perfornmed for a plurality of tines so as to prevent the

t hi ckness of the insulating filmfrom being reduced as well as to inprove
the .5 uniformty of the shape. In this enbodi nent, an exanple where the
first etching treatnment is conducted twice to formthe electrically
conductiU%ﬂWHy@ﬁﬂbﬂ the first shape is described. Al though tapered shapes

are formed o i ' f. the gate el ectrode and LDD regions are forned

on either si _eﬁo%&%eﬁéﬁgn%&m%rrﬁ%ﬂ”i?%‘ﬁ“'iﬁ g‘PongF“P?nd‘fTﬁét Préaseret apphigdrivi on,

this enbsdeetimt tygicldisthey descr ibaduvirifuretehRRERchOing! (HeeRdAd BdRer

|IIustra11ia|npg ientlhar ed 4 cross-sectional views of 6’_n y one side of 'the

vici nity or the'§atEc elV8EEr & SEATSRISHE-an did wysig displesdevi®ors to be

si npl 5 ci mypufacthagiea bidemrogod 54 - | NELGS. L 24A to 24D.
g the R et PPl OB hibn R e

First, follow ng the manufacturing process’ o PR shown
in FIG % JRISRUEEeAsege. In thisemhedimentenmethod émanhiacturinglinassyomat e

first elgeticdicalded ppnd iveesfilmt to.,l nm and. t he thi ckness of
the second el ectrical | yﬁg%gr?\gg%{)? &ry«?ef ﬁﬁllpngt%rg%ael ?’6’%’@’0&%{% krdlespribgdy path
embodi neRierenggdoHlest 981te@Cri cal |y conductive fil m made of TaN having the

t hi ckness of ond.el ectrically conductive film nade of W
havi ng t he tﬁ?’gﬁiﬂbre@gﬁgfa&g%gﬁme 3&8"% i St Beirater dhp nanyaeipERg BrasessumLo

mat ed? althefortasiofiof stcortaechalt eathiyg hQemanauctbyRyédib Byddictddt ﬁﬂ%ﬁﬁgfﬁ‘é y
h resist

hi gh he i ce. Next, sk 1405a of a first shape nmade of

i's forw@ﬁ?@%ﬁ&&@ﬁ?ﬁ@‘ %t‘sN%éH TREge P eqtpe o Hor comnetingrite ecmnd
el ectri oeiring 13nahidcih wuick [reaid 404 iti br : f using
a m xed asgof CE" C12 gr?dr 1 as %iﬁ@gl%ﬂ?r?gb’ga}tsd %g@rﬁlﬁatxﬁﬁﬁak@%&%f Ve
rati o WiPAITRO8etE {rainTaiRetredroard shee pibuleciradde® faakdc@RiGhOAQbt Thard.
Tabl e i cl&eushenend R8rik i : i L chin ondi tions_and the
et chi ng “rat e of the rsleécgo%rrg %Fbéfgf\ér %gﬁﬁﬁgﬁﬁ% risci/a ylcgﬁ)glr‘cqt‘\‘f\ﬂ]e[f’ﬁ@ﬂ@t ¢hi ng
rat el of SPREETHISGYVaghEs eYdnomtion hebmd pattarmiag AhestrycTiabls destribeden 8apened angl e

of the seepideed etdrogakk; ti laver, (W, Table 1: Etching rates
.R) of Wan an t’asié%ﬁgggé;g%h%gao& W%bo deQHfdfsﬁnaeé‘lgF’@%%- relddllp30ka . w
(E.R) of Wand N and
E. R vTaNomnRd to-giirighvesebes iookdOrmt smas to form 4\W64@PEYith a sericonductor layer
angl eNo nm.n nl (nm m pl (degJ1S00201. 03030058. 9766. 430. 8S98
0250060 L'oag%%g%&%fgg%’é‘d’f‘?%% G501 80 B30 RTINS 8B A7 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 2 second interlayer insulating film

IRS]
L)

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.




5 10 4500201. 0252S1012a. 6220. 676. 049

| 705S0060L0252S10161. 7235. 814. 5283565001 001. 02525101 76. 9056. 323. 008327500e1
50L02S2510200. 3980. 322. 49S268S002001. 025251021 8. 20102. 872. 124229S002S01. 025
2510232. 12124.971. 86019 10 SO0 20 LO 20 20 20 - (') 14.83 -1

-11500601. 0202020193. 0214

?313. 6953712S001D01. 020202023S. 2721. 8110. 85629135001S01. 0202020276. 7438. 61 7
.21926145002001. 0202020290. 104S. 306. 4222al15 ~5002S0~

1. 0202020300. 3450. 2S6. 09122 (*) The mark - in the cells indicates that the
measur enent was i npossi ble due to change in quality of the surface of W
during etching. 15 The term"tapered angle"” in the specification indicates
an angl e.l_f]ormfd bet ween the horizontal plane and the side face of the

mat eri al ' a2y &FChE PSS aiAent dpp ep ciohiig resament ofe ®Inguci24 Ao foFmethapilee

(t aper edelacw@dde, @he chotfcdBEn e I I and th i,de face 20
of the second el ectricall gggﬁuigtfh&ge({]g@ggg?{/@ %eglnhqggg}f Eheeefciﬁ%c(ithogee?}(/\een
19 and 7ETHERE becoppedimgtdlemrodaen partist canttativity tbopiket eloctrddy, A0s maxaapl e,

o ot JEUESREELERF A Ul ff, ol Sk 18, Sl e,
i s defotexidpyndHin pwider@mey-SndmdED) b4Qhe lika danHiel RirinBg Hy J_lmgxpl;@%g, and a
(it o SRl bl AR e AL TBh Qe ool et o
A AL Ly e
is also S HE%’ 't]Lg c@t ?Q‘?W’ﬁ@g?‘é’é?ﬂdé% ging@xide GmO:edDanangtdriatimelyoRa of
SR T REAR it R S
ndler Lo comir L ana pah AR o Bke SRPLEL LM noa B P i Poeifecs o
t he i nsubapixegeleriredeldiforctan ebd fmeed et @anétivmebeiroge BeTUcEMse a corrosive
reaction. Similarly, zinc oxide is also a suitable material for the transparent electrically
- conductive film. In addition, zinc oxide to which gallium (Ga) is added (Zn0O:Ga) can be
15 used to enhance a transmissivity of visible light and an electrical conductivity.
FIG. 25 is a top view of a pixel. The pixel shown in FIG. 25 has an aperture ratio of
about 56%. The components corresponding to those in FIGS. 9A through 9C are denoted
by the same reference numerals.
FIG. 9C is a cross-sectional view of an terminal portion of a transmission-type liquid
20 crystal display device. The external input terminal provided on the side of the active matrix
substrate includes the wiring 311 made of the same layer as the first electrode and the source
wiring and the wiring 309 made of the same layer as the pixel electrode. Certainly, it is
merely an example showing the structure of the terminal section; the external input terminal
may be formed by either the wiring 133 or the wiring 309. For example, in the case where
25 the external input terminal is formed by the wiring 311 formed of the same layer as the first
electrode and the source wiring, the overlaying interlayer insulating film is required to be
removed.
The wiring 309 made of the same layer as the pixel electrode has a triple-layered

structure of a Ti fiim 309a, an Al film 309b and a Ti film 309¢. A treatment for forming an
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Next, a first doping treatnment is conducted. An inpurity elenent for

i nparting one conductivity to the sem conductor, phosphorus for inparting
an n-type conductivity in this is enbodinent, is added to the sem conductor
| ayer 1401 by an ion doping nethod, using the first electrically conductive
| ayer 1403a of- the first shape and the second el ectrically conductive

| ayer 1404a of the first shape as masks (FIG 24B). Although the second

el ectrically conductive |ayer 1404a of the first shape is also etched to
certain degree during the etching under the second etching condition in
FIG 24B, the second electrically 20 conductive |ayer 1404a is shown as
havi ng the sanme shape as that shown in FIG 24A because the anount of
etching is snmall. Next, a second etching is conducted with the mask 140u

bei ng | eftidasm tht régoh aheht Aj B ekb@seati@é@d@b@%ftthlf&ma%ﬂ%f IH2 b in ng 309,
enbodi nent, after etchl ng is conducted as a second etching treatnent under

the first BECHedY THBheh 0GR Batsr e dirRBogtsting tf@mm@éﬁh:c@ﬁda 301 weduss as
an et chi pgoPasve fla6ffdN9 i s conducted under the second etching condition
where a m xed gas of CF* Ch and O- is used as an etching gas. As these
et chi ng condi TheonBC islieymehby 8fe HakefitoAd? andibs wmng'abflS eTHe wamglﬁewwsxddheand

t he etch A.wd

el ectFi C#gﬂ?ﬂﬁ %5@%@@@ ?agngéélfojggriagh’teeﬁ\e{xqﬁongir?%eda rﬁé?” |drv“é1 {fa&ﬁowerﬁ'ﬁgu%‘}hannel
can be fauemhyotscqilc blecshby tominctine adlieshiengadeastdi thiemoseiting saeand3 Bt gid ng

t reat ment n,of a k 1405b of .a second shape
first o G6e ‘C@ﬁwn@%ﬁa’&c?ﬁ gl %}3 dipherSe Ghcitie BHEBhAORRABED 41SHahd

el ect ri cadnn¢cte@nstuedninée | ayer 1404b of the second shape, and an insul ating
fi;l m 1402b of _the Sl%§ nd shape. The second el ectrically conductive |ayer

1404b of the ABEEHIEHAAROVE ot 2 AIVE PSS stg| dlogang thammenutasie (dled

t apengd gnagh t gl d i of

t he slecond stﬁ%lgtey%?(ﬁnlgazcﬁ ite@t ?%R%Py&lg% i ﬁgﬂé%f%gg%aan%h fg‘?e Ipﬁ?{t?(g)n a%lﬁ@?nﬁ

i nsul ati E@ Piimﬁﬁnizl(yzlbﬂfbfm @%EEMBNQUW@Wb@ tcapee @@IEChﬁfvglaéraysm§smrttvpal ly

f or med. 0, 0 b ece a nt is
conduct ed (FI tépgsb@h%@é%ecgan%%goﬂ?@% %rélggt%ﬁt& g @g?lgrﬁgpé%%rhgo%l t]gF at a
concent rghdtomasksie rtotal)a”rﬁhtshatboﬂunoﬂ ig dﬁscrﬁlvadsls cdm@:dmggthmtmatmanufdamummg S

S T e A N N

el ectisi cal | y conductive Iayer 1404b of the second shape as a mask As a
resul t o,fézthe seco doping treatnent, inpurity regions 1401 a through
1401c ar EPHEE N portion of the semiconductor |ayer overlapping the

second el ect rinaAislentoadennt by exabipik WRFe SRAHNAE Bird@uiche Adsat Al iNBed bd m and
the first el ectrical qub@conductl ve | ayer therebetween serves as a channel

f or mat i ohS§BP SHrnAIT HeUFHNAZE- $howhe Stﬂwrﬁ@émt&dlm@@}lDdﬁskdelﬁll%]a”ltﬂhﬂ@&gh
1401c arer EaHRREmemn qoéﬁegl &P aogecbﬂﬁ \Qnﬁ LerdeRY r@tni1 %ﬁg'd?ﬂ}?l'eﬂh?rom
symmetri cal nmanner. opi ng, e er the thickness o e

‘mat eral Eunapélrrnqméml!d:we@sgmqufeel@@ sem conduct or |ayer becones, the

shal | ower io e AR 4

over | appi ng pﬁeﬂ% r Sl:{Haerﬁé%tt ?ljaréﬁfc{y con {mty}a%fg’o\yé%f aM%Qﬁaé?%U%Ed

i nsul at i asgr firdawrelettredeb8$ v@l&ndrahhatctrcsde 60%eis tanudadtinged sirhyltane gugin v\(ziBClD
regi on), fec by the ortion.having the side face of

t aper ed plsr@l % ec(t{:)pdter %gﬂl%(qeicﬁan £ ‘gen?jgj 3 B¢ H’é“%%ﬁ’@gﬁrter“é’f PRIyt ‘gﬁ?}%"r i© "br ity
el enent isankicatiedy cbﬁdmdmess}r&ﬁfaﬂa@eMhahag@nowﬁﬁsz%ﬁzewmeemas@t60% iof the

i mpur ity degcreases as the thickness of the material |ayer increases, and
t he 86nc8éhtﬁfﬂ§fw<a Y oONINETY SIaMer (P[RS A8 2528 THE FHNRINGES fapmet pdigh

mat er i al reflay@hce] SHBASRInbiMh B Mok thd #&ﬁlliﬁiaﬁrdftabf b0 rﬁ&\r&%@ﬁﬁraté R&ling S,

the second inmpurity region (LDD region), is affected by the thickness of
the ins\A Bighdgtlestpae apAvelbasd lophw iR ssigtaspape, resulting in change in the
concentratio onduct or
| ayer. Speci P{}gg fn%di |C%I%ger: ﬁegn%ggqbgﬁed%gﬁﬁggfgné %@tg 82’9% nt§ EB %hl ckness
of the tapered portion haV| ng the side face of the tapered angl e y or other
tapered portions, resulting in change in the concentration of the inpurity
el ement to be added to the sem conductor |ayer. The inpurity region 1401b
that does not overlap the first electrically




5 conductive |layer has a higher concentration than that of the inpurity
regi on 1401c. Moreover, the width of the inpurity region 1401b in the

| ongi tudi nal direction of the channel is as long as that of the inpurity
region 1401c, or is greater than that of the inmpurity region 1401c. The
inmpurity region 1401a, that is, the first inpurity region contains an
inpurity to el enment added by the second doping treatnent in addition to the
impurity elenment added by the first doping treatnment. As a result, the
inmpurity region 140l1a beconmes a high concentration inpurity region to
function as a source region or a drain region. As the successive steps, the
manuf acturing process of Enbodiment 1 shown in FIG 3B and fromthere on

may be C%%t@gﬂrftfﬂ manuf acture the active matrix substrate. 15 By the
above nethod, s'of the pixel portion and TFTs of the driver circuit are

formed. Thi s Aenbanipfent wen doprT seslreoaahiBa i 0N ARS: Bl Fbod rent <

1 throu nd Enbodi nent.s 7 through 13. In the case

SFf i angJ}&A”:‘g‘?cg“ﬁgE 1§ Gl aingef @fEmh@L%éteehﬁ MythgaterefcetthiF§G2b1.enbodi nent
(m xed gas ofA @Rverahifusd 83)7 ; i : SFL-C = and O~ _js used instead
of the nj g (gasveof SF" 85 :ﬁg}% Jg:dé?(?ﬁg&?tel%gggga? CPRAHRE f Airiiheaanglan be
furtht‘er%ﬁ eherdia peead sechansd BTE 89k andtisampling tiese: PaSASdNER al8SRRCt to

t he i nsyl.ati ' [ hi gh. Ac ' to the present
nvent  an Py LL EVE 8 A FEE RN i i A g e s00he bt e
havi ng & at¢ fopeed enche atiiee maaly asdirby shbenfn 36N 11 MYRNEFPRE ‘ff?e“logfc

acconpl i | inereasing th nmber of masks and the nunber
manuf actéurlralﬁﬁ 8%%@8@5 éﬁlﬁe SW'I‘%IC%“%ERIL%W 3 @reuyt sugh sepshiBnegisteoeirdsvirce

compr i siabffer Evest, dndstieal FRGof iemadhlageBiediosss AN IO, | ANl Sail d
5 semy cg@%ﬁt or layer having at |east a source region, rarn regi or% and
a channél 'Tormation region interposed therebetween; at |east one el ectrode
i ncludi ng a Fate BFECireqdfnd PEVRSG rflef ¢ Jd RAsdatdng. film a, source
wiring for.ned og id first insul atﬂi;gngﬁd#fimoﬁkbaﬁg}égg’nggul r?srﬁglié]f‘?"ncbml“i | m
cover i ng°&PY @84 LIy ireeiapeintislsad shaps semiichndoetnc lrywisrd0Bgo 886 gatEbask Filig

el ect ri gab fymeRMIeched: [ +qand_a. pi xel el ectrod

el ectrically connected r%tgsgg ghgﬂé%l%té%ﬁgggtﬂﬁerlgﬂ@@}af’em}%ﬁi"‘g%ﬁay‘ﬁé?@
wiring aMERsimilar feethost évEmbodimen 1 oBGaedtlatroses 809 SEX 86thddnsith ahiong

fil 2; 3 LGge. accordin o claim 1, wherein said gate
Wi rinlnsg g/sgﬁ%g]sﬁlgpggﬂa?%ﬁo 0 dgj WS othhéP‘?)rm F@Ve?dg@cﬁﬁrﬂpﬁﬁ,r@@ddtgpeast

sai d chagiens 2@ fommathusing tesgponions. TAisI9PE 6PRPEEHAhasleMnOR REGRAB,RY tO
claim1l n;\g@@éﬁlcr% Csr@%gntel ect rogf ggld .sai d _source wWiring conprise a sane
materi al" © AR e hRite: o 2 d¥VER usingotiRB atehing apmeratuswhimidErToa

mat er i aEmidodsaent 19Fuethed, i s8Gree QP [ el

sel ect egliéom t he %lrdgsk_l‘p goan sti ngg??gpagps?-%??rﬂjﬁEWQ,(E%Ra%ﬁ%g?ﬁ%?&% and
Mb. 5. R CHHas aPfevi ce according to claim|, wherein said first 30

i nsuloat i ng fThdén ¢gOUYRES l.ati film. 6. A sem cponductor device
0 Y Egi\?ﬁirfgring&égpgﬂggégéﬁ ﬁesdu ARy o E‘?ﬁ“f‘fﬁf%é’f' Cdfipri ses

according to claiml,
a first OCFRET aﬁl;qb?gny @}?é}-cl@@ncla'fﬁfmgméidd-on*ren&ﬁegxadation due to the hot carrier

effect is prevented by the LDD regions. Regarding the LDD regions, ions of the impurity
element are accelerated by an electric field and added to semiconductor films through edge

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

[
Ln

A first .DD region 835, a second LDD region 834, and a source or drain region 8§33
are formed outside a channel forming region 832 in the first n-channel TFT 85 1, 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

32




52 mai n conponent and a second insulating |ayer containing an organic
resin material. 7. A sem conductor device according to claim1l, wherein
said 5 sem conductor device is one selected fromthe group consisting of a
personal conputer, a video canera, a portable information termnal, a
digital canera, a digital video disk player, and an electric gane
appliance. 8. A nethod of manufacturing a sem conductor device conprising
the 10 steps of: formng a sem conductor |ayer conprising a crystalline
sem conductor filmon an insulating surface; formng a first insulating
filmon said seniconductor |ayer; formng an electrode and a source wring
on said first insulating film said 15 el ectrode overl apping a portion of
said sem.¢ nduc%or | ayer; formng a second insulating filmcovering at

| east sai tg?‘éf‘é‘d § e K12 eggdp Qg tviheidagerenerdtinftior i ek ng st eef tind i ppreg

connect eghypselifkyel ot RIS @04 NEEIARRINTTA, DRLHLON OF st dr sey conduct or

| ayer, a connectl on electrode connecti ng sai 5 Iﬂé?er to
sai d souffv@e\mhawn@asamdaastmcmm aadéstooplsed vba b]aepmahf@rm&igdegmrg% Wifdi g,

wherein n on el ec pi xel

el ectr odzﬁagj %Ir?gr%gd&ééggggﬁ% tge% gaﬁxt&g vik 59?‘??&%0[?]31“323“ §§§1&“H@FH%36’F
manuf act dralmg;gwr‘s&’iﬁ cunidieother hatel theg-cfanatiaf FT 850 Miakiigh: $ind 188680 dnd
|nsulat| F % o rises. a lamnation filmof a first insulating
| ayer - rmige it Faphe SR AT Gy R S hibe st i i Bohe aRpiefngBiamd o
second i fertling tapgor 8¥&rardtRdeadfl pol yi mde, acrylic, polyamn de, polyinmn de
am de, or benzocycl q_ tene. 30 10. A nethod of rranuf acturing a

sem conduct or nglé\?ﬂ’if’g %T g’l”&?ﬁ’noéan nrpieh T8 ia thepixelamuatien 858 wdoimed bsaone
sel ect Edﬁuﬁ@@hiﬁhﬁmﬁf&é‘l@nﬁpﬂﬂ@'aﬁh'o@genﬁfcufgt ﬂ@rﬁpaﬁkenqodmg% fifsy Qﬂ' %egn gggrer a,

aportable|nformat|ontermna canera, a
pI ayef, arglapging téégaie@lqyméemmm D Bgion&d2, and a source or dram region 841
A?ggé) ﬁ%#ﬁm‘ﬁéd '(A)‘u%&e AtMarfdlel Mg ﬁ!&;& Q‘XO A%rtﬁ‘#r( ¥h orage c gc:fa‘ Eﬁ 9 LY. AcU
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Cl0%& ()aon%mg‘%eéﬁmg tmliglllf,]lsl%\/g;gl?acplelsér?nco% B/Ctoxgl)ayers 903 t(? 96&7 (o)ut51de 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 933 are thus
foned in the first n-channe! TFT 951 2 in the second n-channel TFT 952, respectively.
An LDD region 939 of the pixel TFT 953 is formed in a self-aligning manner using the gate
electrode 912, and is formed outside a channel forming region 937. A source or drain region
938 is formed similar to the first and the second n-channel TFTs.

25 An interlayer insulating film is formed, similar to Embodiment 3, of a first interlayer
msulating 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 01ganic
insulating material such as polyimide, acrylic, polyimide amide, or BCB (benzocyclobutene).

A resist mask having a predetermined pattern is formed next, and contact holes for reaching
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10_f): 10% & ( )l‘hle%lrgt%/%ﬁ?énﬁl'w>§§}/xpﬁé logzc circuit portion 955 has a structure in which
a GOLD region overlapping the gate electrode is formed on the drain side. High electric

10 field regions generated in the vicinity of the drain region are relieved by the GOLD region,
hot carrier generation is prevented, and degradation of the TFT can be prevented. An n-
channel TFT having this type of structure is suitable in buffer circuits and shift register
circuits. On the other hand, the second n-channel TFT 952 of the sampling 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 deterioration due to hot carriers in an analog
switch that operates by polarity inversion. In addition, this structure aims to reduce the off
current. The pixel TFT 953 has an LDD structure, and is formed by multiple gates, and a
structure thereof aims to reduce the off current. On the other hand, the p-channel TFT is
formed with a single drain structure, and impurity regions 929 and 930, into which a p-type

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

The TF1's structuring each circuit are thus opiimized in response to the specification
required by the pixel portion and the driver circuit, and the active matrix substrate shown in
FIG. 12 has a structure which, in particular, is made in consideration of increasing the
operating characteristics and reliability of each circuit.

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

to serve as a gate electrode is first formed. After successively adding an n-type or a p-tvpe
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[Embodiment 8]
In this embodiment, a pixel structure different from that shown in FIG. 1 is shown
10 1in FIG. 13. A cross-sectional structure thereof is shown in FIG. 14, 1llustrating a cross
section taken along the line of A-A’ and a cross-section taken along the line of G-G’. Only
the structure of a storage capacitor is different from that of Embodiment 1, and the structure
of this embodiment other than the storage capacitor is substantially identical with that of
Embodiment 1.

15 In this embodiment, the storage capacitor is formed by a second semiconductor layer
1002 and a capacitor electrode 1005 using an insulating film on the second semiconductor
layer 1002 as a dielectric. A first semiconductor layer is denoted by the reference numeral
1001. The capacitor electrode 1005 is connected to a storage wiring 1009. The capacitor
electrode 1005 is formed simultaneously with the first electrode 1004 and the source wirin g

.~ 20 1006 on the same insulating film. Moreover, the capacitor wiring is formed simultaneously

| with the pixel electrode 1011, the connection electrode 1010 #:d the gate wiring 1007 on
the same insulating film.

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

25 applied even for a large size display panel such as 10 inches or more in diagonal.

Moreover, although the example where the gate electrode and the source wiring are
simultaneously formed is given in this embodiment, another mask may be additionally
formed and the gate electrode, the first electrode and the capacitor wiring may be separately

formed in different manufacturing steps.  Specifically, a portion overlapping the
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()-z* 3.._@1rst electrode. This allows the utilization of aluminum or copper having a low resistance
as a material of the first electrode and the source wiring. Furthermore, an n-type or p-type
impurity element is added to the portion of the semiconductor layer overlapping the
10 capacitor wiring to increase a storage capacitor.
According to this embodiment, the active matrix substrate can be manufactured by
altering the mask design of Embodiment 1 without increasing the number of masks.

This embodiment can be freely combined with any one of Embodiments 1 to 5.

15 [Embodiment 9]

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

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

Base films and an amorphous semiconductor layer are formed to a tisickness 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 trié catalytic element. Examples of the catalytic element include nickel (Ni),
‘germanium (Ge), iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), platinum (Pt),
copper (Cu) and gold (Au). Besides spin coating, the laye'r 170 containing the catalytic
element may be formed by sputtering or vacuum deposition 50 that the thickness of the layer

of the catalytic element is 1 to 5 nm.
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" 109B& e)ag %y appealing is then conducted in a mtrogen atmosphere at 330 to 600°C for
1 to 8 hours inside a furnace annealing oven. The crystalline semiconductor laver

5 comprising the crystalline silicon film can be obtained in accordance with the above
mentioned process..

By forming the island semiconductor layers from the crystalline semiconductor layers
manufactured as above mentioned, an active matrix substrate can be completed, similarly
to Embodiment 1. However, in crystallization process, if a catalytic element for promoting

10 the crystallization of silicon is used, a small amount (about 1 x 10" to 1 x 10" atoms/cm®)
of the catalytic element remains within the island semiconductor layers. It is, of course,
possible to complete the TFT in such a state, but it is preferred to remove the remaining
catalytic element from at least the channel forming region. One of the means of removing
this catalytic element is a means using gettering effect of phosphorous (P).

15 A pgettering treatment with phosphorus (P) for this purpose can be conducted
simultaneously with the activation step explained in FIG. 3C. The concentration of
phosphorus (P) necessary for gettering may be approximate to the impurity concentration
of the high concentration n-impurity region. Thermal annealing of the activation step can
allow the catalytic element to segregate from the channel formation region of the n-channel

20 TFT and the p-channel TFT to the impurity region containing phosphorus (P) in that
concentration. As a result, the catalytic element segregates in a concentration of 1 x 10°'to
1 x 10" atoms/cm® in the impurity region. The TFT thus fabricated has a lowered OFF
current value and has high crystallinity. Therefore, a high field effect mobility can be

obtained, and excellent characteristics can be accomplished.
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This embodiment can be freely combined with one of the structure of Embodiments
11to08.

[Embodiment 10]

In this embodiment, a pixel structure (IPS system) different from that of Embodiment
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& () -\ 1045=iRS dp-Pi it9hiy @A system (also referred to as a horizontal electric field system).
The IPS system is characteristic in that a pixel electrode and a common wiring are both
formed on one of a pair of substrates and that an electric field is applied in a horizontal
direction. As a result, the longitudinal axes of liquid crystal molecules are controlled to be
oriented substantially parallel to the surface of the substrate. The utilization of the IPS
10 systern allows a viewing angle to be increased.
In FIG. 15, a first semiconductor layer is denoted by the reference numeral 1101,
second semiconductor layer by 1102, a first electrode by 1104, a second electrode by 1105,
a source wiring by 1106, a gate wiring by 1107, common wirings by 1108 and 1109, a
connection electrode by 1110, and a pixel electrode by 1111. The pixel electrode 1111 and
15 the common wirings 1108 and 1109 are placed so that an electric field parallel to the surface -
of the substrate is generated. The common wirings 1108 and 1109 are placed so as to
overlap the source wiring 1106, resulting in improvement of the aperture ratio of the pixel
portion.
As shown in FIG. 16, the first electrode 1104, the second electrode 1105 and the
20 source wiring 1106 are simultaneously formed on the insulating film covering the first
semiconductor layer 1101 and the second semiconductor layer 1102. The pixel electrode
1111, the connection electrode 1110, the gate wiring 1107 and the common wiring 1109 are
simuitaneously 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

[ O]
h

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
g ang g p 3
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1) 9 0% ((f)the-adﬁ&drﬁlblxel. Moreover, an impurity element for imparting a p-type conductivity is
added to the second semiconductor layer 1102.

5 The pixel structure of this embodiment can be obtained by the same manufacturing
process as that of Embodiment 1 with the change in the mask pattern of Embodiment 1.

After the state shown in FIGS. 15 and 16 are obtained by using Embodiment 1, a

liquid crystal display device is obtained by the method described in Embodiment 2. The gap
between pixels is shielded from light by using a color filter provided on the counter substrate

10 in a similar manner as in Embodiment 2. However, since the IPS system is employed, it is

necessary to alter an orientation treatment and the like.

[Embodiment 11]
In this embodiment, a pixel structure of the IPS system different from that of

15 Embodiment 10 is shown in FIG. 17. A cross-sectional structure thereof is shown in FIG. ~
18, illustrating a cross section taken along the line J-J” and a cross-section taken along the
line K-K’. Only the structure of a pixel electrode of this embodiment is different from that
of Embodiment 10, and the structure other than the pixel electrode is substantially identical
with that of Embodiment 10.

20 In FIG. 17, a first semiconductor layer is denoted by the reference numeral 1201,
second semiconductor layer by 1202, a first electrode by 1204, a second electrode by 1203,
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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As shown in FIG. 18, the first electrode 1204, the second electrode 1205, the source

1%}

wiring 1206 are simultaneously formed on the insulating film covering the first

semiconductor layer.1201 and the second semiconductor layer 1202. Moreover, the first

connection electrode 1210, the gate wiring 1207, the common wiring 1209, and the second
connection electrodes 1213 and 1212 are simultaneously formed on the interlayer insulating

film covering the source wiring 1206.

10 The first electrode 1204 is electrically connected to the gate wiring 1207, and a
portion of the first electrode 1204 overlapping the first semiconductor layer 1201 functions
as a gate electrode.

Although the obiong-shaped pixel electrode is shown in this embodiment, the pixel
electrdde 1211 and a common electrode may have a V-shaped electrode structure to further

15 Increase a viewing angle.

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

20 second semiconductor layer 1202.

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

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

25 between pixels is shielded from light by using a color filter provided on a counter substrate

as in Embodiment 2. However, since the IPS system is employed in this embodiment, it is

necessary to alter an orientation treatment and the like.

[Embodiment 12]
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5 by the same reference numerals as those of Embodiment 1 correspond to the components of
Embodiment 1.

First, after the state where the interlayer insulating film 157 is formed is obtained
following the manufacturing process of Embodiment 1, an additional mask is provided for
selective etching so as to partially remove the interlayer insulating film 157. As a result of

10 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 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 pixe! electrode 1302, using the interfayer
insulating film 157 as a dielectric. An impurity element for imparting an n-type or a p-tvpe
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 device). Therefore the present invention can
be applied to all those electronic appliances in which such electro-optical devices are
included in the display portion.

The following can be given as such electronic appliances : a video camera, a digital
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| . of these are shown in FIGs. 20, 21 and 22.

5 FIG. 20A is a personal computer, and it includes a main body 2001, an Image input
portion 2002, a display portion 2003, and a keyboard 2004, etc. The present invention can
be applied to the image input portion 2002, the display portion 2003 or other driver
circuits.

FIG.20B is a video camera, and it includes a main body 2101, a display portion 2102,
10 an audio input portion 2103, operation switches 2104, a battery 2105, and an image
receiving portion 2106, etc. The presentinvention can be applied to the display portion 2102
or other driver circuits.

FIG. 20C is a mobile computer, and it includes a main body 2201, a camera portion
2202, an image receiving portion 2203 , Operation switches 2204, and a display portion 2205.

15 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 mediumy), and the player includes a main body 2401, a
display portion 2402, a speaker portion 2403, a recording medium. 2404, and operation
switches 2405, etc. Note that this player uses a recording medium such as a DVD (digital

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

FIG. 20F is a digital camera, and it includes a main body 2501, a display portion

2502, an eyepiece portion 2503, operation switches 2504, and an image receiving portion
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' FIG. 21B is a rear type projector which comprises: a main body 2701; a display
device 2702; a mirror 2703; and a screen 2704. The present invention can be applied to a
liquid crystal display deice 2808 comprising one portion of the display device 2702 or other
driver circuits.

10 FIG. 21Cis a diagram which shows an example of the structure of the display devices
2601 and 2702 of FIGs. 21A and 21B. Each of the display device 2601 and 2702
comprises: an optical light source system 2801; mirrors 2802 and 2804 to 2806; a dichroic
mirror 2803; a prism 2807; a liquid crystal display device 2808; a phase differentiating plate
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 (5. 21C. In the present embodiment the optical light source system 2801
comprises: a reﬂéctor 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

(o]
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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3103. The display of the present invention is advantageous for a large size screen in
particular, and is advantageous for a display equal to or greater than 10 inches (especially
equal to or greater than 30 inches) in the diagonal.

15 The applicable range of the present invention is thus extremely wide, and it is ~
possible to apply the present invention to electronic appliances in all fields. Further, the

~ electronic appliances of this embodiment can be realized by using a constitution of any

combination of embodiments 1 to 12.

20 [Embodiment 14]

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

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 illustrating enlarged
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cross-sectional views of only one side of the vicinity of the gate electrode in the

manufacturing process. For simplicity, a base film and a substrate are not shown in FIGS.
24A to 24D.

First, following the manufacturing process of Embodiment 1, the state shown in FIG.

n

2A is obtained. It is sufficient to set the thickness of the first electrically conductive film to
be 20 to 100 nm and the thickness of the second electrically conductive film to be 100 to 400
nm. In this embodiment, the first electrically conductive film made of TaN having the
thickness of 30 nm and the second electrically conductive film made of W having the
thickness of 370 nm are laminated. TaN is preferable as a material of the first electrically
10 conductive film for its extremely high heat resistance.

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

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

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

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

20 I
24 ICP | Bias | Pressure | CF, | Cl, {0, | W TaN W/TaN W
ERT |ERZ | selection ratio taper angfe
I/ 7 @

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 1.0 30 30 0 88.71 118.46 0.750 23

25 3 500 100 1.0 30 30 0 111.66 168.03 0.667 18
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"10% %&' ()- "10% %&' ()-)/2359qU5?}\ <M " 10% %&' ()- "10% %& ()- MB* n2"

"10% % ()- "10% % ()-9=ADGIQ ?}\ <M "10% % ()- "10% % ()- "10% %! ()-
" 10% % 8 "10% %&' ()- "10% %& ()- QX*abd(Q6?}\ <M "10% %& ()- MB* n2" "10%

& () -
& () -

10

15

"10% 9% ()- "10% 9%& ()-dhl psvy ?}\<M "1 "10% 9%& ()- "10% %&' ()- "10%

4 1500 | 20 L0 f 25 |25 | 10| 12462 | 2047 6.049 70
5 1 s00 | 60 10 |25 |25 |10 16172 | 3581 4.528 35
6 | 500 | 100 | 10 |25 |25 10 17690 | se32 |  3.008 »
7 1500 ¢150 | 10 |25(2 | 10| 20039 | 8032 2495 2
8 1500 |20 10 |25 |25 ]10] 21820 | 10287 2.124 22
9 | 500|250 | 10 |25 |25 10! 23212 | 12497 1.860 19
10 | 500 | 20 10 | 2020 |20 —¢ | 148 — -
11| 500 | 60 10 |20 {20 |20 19302 | 1423 13.695 37
12 {500 | 100 | 10 [20]20] 20| 2527 | 2181 10.856 29 -
13 1500 150 | 10 |20 |20 |20 | 27674 | 3861 7.219 26
14 | 500 | 200} 10 |20 |2} 20 | 20010 | 4530 6.422 24
15 | 500 [ 250 | 10 |20 20| 20| 30034 | 5075 6.091 22

(*) The nisark —~ in the cells indicates that ii:c measurement was impossible due to

change in quality of the surface of W during etching.

The term “tapered angle” in the specification indicates an angle formed between the
horizontal plane and the side face of the material layer as shown in the upper right part of
FIG. 24A.

The angle (tapered angle a1) formed between the horizontal plane and the side face
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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Table 1. The etching time may be appropriately set by the implementers.

In FIG. 24A, a semiconductor layer is denoted by the reference numeral 1401. an
insulating film by 1402, and a first electrically conductive film by 1403.

Next, etching is conducted under the second etching condition with the mask 1405a
being left as it is to form the first electrically conductive layer 1403 of the first shape.
During etching under the second etching 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
through 3 in Table 1 may be used. As described above, by conducting the first etching
treatment under the conditions where the etching is performed twice, the thickness of the
insulating film 1402 can be prevented from being reduced.

Next, a first doping treatment is conducted. An impurity element for imparting one
conductivity to the semiconductor, phosphorus for imparting an n-type conductivity in this
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
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 1403a being left as it is to obtain
the state shown in FIG. 24C. In this embodiment, after etching is conducted as a second
etching treatment under the first etching condition where a mixed gas of CF, and Cl. is used
as an etchfng gas, etching is conducted under the second etching condition where a mixed
gas of CF,, Cl, and O, is used as an etching gas. As these etching conditions, any one of the
conditions in Table 1 may be used and the etching time may be appropriately set. A width
of each of the electrically conductive layers in the longitudinal direction of the channel can

be freely set by selecting the etching condition. The second etching treatment allows the
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formation of a mask 1405b of a second shape, a first electrically conductive tayer 1403b of
the second shape, a second electrically conductive layer 1404b of the second shape, and an
insulating film 1402b of the second shape.
The second electrically conductive layer 1404b of the second shape forms a tapered
5 angle a2 greater than the tapered angle a1 whereas the first electrically conductive layer
1403b of the second shape forms an extremely small tapered angle 8. Also in the insulating
film 1402b of the second shape, a tapered angle v is partially formed.
Next, after removal of the mask 1405b, a second doping treatment is conducted (FIG.
24D). The second doping treatment performs the doping at a concentration lower than that
10 of the first doping treatment. In this embodiment, phosphorus for imparting an n-type
conductivity is added to the semiconductor layer 1401 by an ion doping method, using the
second electrically conductive layer 1404b of the second shape as a mask.
As aresult of the second doping treatment, impurity regions 1401a through 1401c are
formed. A portion of the semiconductor layer overlapping the second electrically conductive
15 layer sandwiching the insulating film and the first electrically conductive layer therebetween -
serves as a channel formation region. Although not shown, the mmpurity regions 1401a
through 1401c are formed on both sides of the channel formation region in a symmetrical
manner,
In the doping, the thicker the thickness of the material layer positioned on the
20 semiconductor layer becomes, the shallower ions are implanted. Accordingly, the impurity
region 1401c overlapping the first eiecirically conductive layer sandwicking the insulating
film therebetween, that is, the third impurity region (GOLD region), is affected by the
tapered portion having the side face of the tapered angle B, resulting in change in the

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

28]
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concentration of the impurity decreases as the thickness of the material layer increases, and
the concentration of the impurity increases as the thickness of the material layer decreases.

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

resulting in change in the concentration of the impurity element to be added to the
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semiconductor layer. The impurity region 1401b that does not overlap the first electrically
5 conductive layer has a higher concentration than that of the impurity region 1401c.
Moreover, the width of the impurity region 1401b in the longitudinal direction of the
channel is as long as that of the impurity region 1401c, or is greater than that of the impurity
region 1401c¢.
The impurity region 1401a, that is, the first impurity region contains an impurity
10 element added by the second doping treatment in addition to the impurity element added by
the first doping treatment. As a result, the impurity region 1401a becomes a high-
concentration impurity region to function as a source region or a drain region.
As the successive steps, the manufacturing process of Embodiment 1 shown in FIG.
3B and from there on may be conducted to manufacture the active matrix substrate.
15 By the above method, TFTs of the pixel portion and TFTs of the driver circuit are
formed.
This embodiment can be freely combined with any one of Embodiments 1 through
4 and Embodiments 7 through 13.
In the case where a mixed gas of SF, and Cl, is used instead of the etching gas of this
20 embodiment (mixed gas of CF, and Cl,) or a mixed gas of SF,, Cl, and O, is used instead
of the mixed gas of SF,, Cl, and O,, the reduction ia 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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15 second insulating film.

2. A semiconductor device according to claim 1, wherein said gate
wiring overlaps
a portion of said semiconductor layer containing at least said channel

20 formation region.

3. A semiconductor device according to claim 1, wherein said

electrode and said source wiring comprise a same material.

25 4. A semiconductor device according to claim 1, wherein a
material of said gate wiring comprises one or a plurality of elements selected

from the group consisting of poly-Si, W, WSi,, Al, Cu, Ta, Cr and Mo.

5. A semiconductor device according to claim 1, wherein said first

30 insulating film comprises a gate insulating film.

6. A semiconductor device according to claim 1, wherein said second

insulating film further comprises a first insulating layer containing silicon as a
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main component and a second insulating layer containing an organic resin

material.

7. A semiconductor device according to claim 1, wherein said
semiconductor device is one selected from the group conmsisting of a personal
computer, a video camera, a portable information terminal, a digital camera, a

digital video disk player, and an electric game appliance.

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

forming a semiconductor layer comprising a crystalline semiconductor
film on an insulating surface;

forming a first insulating film on said semiconductor layer;

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

forming a second insulating film covering at least said electrode and said
source wiring; and

forming a gate wiring connected to said electrode and overlapping a
portion of said semiconductor layer, a connection electrode for connecting said
semiconductor layer to said source wiring, and a pixel electrode overlapping said
source wiring,

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

electrode are formed on said second insulating film.

9. A method of manufacturing a semiconductor device of claim 8,
wherein said second insulating film further comprises a lamination film of a
first insulating layer made of silicon oxide, silicon nitride or silicon
oxynitride and a second insulating layer made of polyimide, acrylic,

polyamide, polyimide amide, or benzocyclobutene.

10. A method of manufacturing a semiconductor device of claim 8,
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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