
SEMICCJNDUCT'OR DEVlCE, ANLl MANUFAC'rlJRINC; METll(JI) 'Jll.EREOF 

llACI<CROUND CJF 'fHE lNVEN'rlON 

Field of the Invention 

"Tl1c presen.r i11venti<.H·1 ge11cr11lly rcl;1res to a seiniconductor device in.eluding a circuit" 

5 constituted by t:hil.1.-fllm 1.ransis1ors (rcforred to as a "'fFT'" hcrci1.u1Ct:cr), and a 1na1rnfoc t:uring 

mcrhod thereof. More spcci(iudly, the present: invention is dircci:cd to such :.ir> :ipp:.ir:.>1>>0 

typically known as a liquid crysc1I display appararus (narnclv, liquid crysr:1l n\Oduk is 

mounted) or the l.i.kc, and also 1.0 an clccrronic appli:rncc which "'""'"' thereon such :1 

liquid crysrnl display or t:lw like :is :1 component, and is (urrhcr l.lirccrcd to:.> m:inufacruring 

l 0 method thereof. 

It shoul.d be understood drnt a tcnn "semiconductor device" implies all of' such 

app;iratus, or (\cviccs operable by using scrniconduct:or ch:ir:ict.crisrics, and thus, all o( 

ciec1:roop1.irnl appararns, M.,miconductor devices, and dcnrnnic appliances correspond lO 

semiconductor devices in d1.c specification of the prcs<:nt i11ve1.11.ion. 

15 L)cscription of RcLncd An 

Very rcccni.ly, a specific :.11.tcn1.ion has been paid to such :i technique c:ip:ihk of 

constituting a thin-lllm transistor crFr), while employing :i scrniconducror thin film 

(l'liicknc:;s t:hcrcofbcing :;cvcnil nm ro several hundreds nm) whi.ch is limned on ;i subsrr:11.c 

having an insulating surface. 'fhin-film transistors :ire widely utilized in various clcccronic 

20 dcvic''" such as !Cs and clcctrooptical :ipp:1.r:nus. In panicuhr, tlwn: ;ire strong ckm:nHls 

to rapidly develop these thin-flln1 transistors :is swiu:hing clcmc1us of iniagc displ:iy 

app;.1r;lt11~. 

C:onvUHiOn:dly, liquid crystal display devices arc known :>.\ im:lgc displ:iy app;ir;Hl.l.\. 

Sine<-~ high precision. i1r1agcs can be oht1·ii11c(L !:".1rgc- nurnhcrs of" :·"J.Cri.vc 1n~1tTix type !iqui.d 



crystal display devices :1rv usu;illy crnploycd, as uJrnparcd with p:issivc type liquid nyst:il 

display devices. In :.in :.ictive ni:llrix type liquid c:rysr:d display device, since pixel elcctrock.1 

arranged in a matrix frmn :nc driven, ;i display pau.crn is f<mncd on :.1 displ:iy screen. l'v1,i1:c 

specifically, since :1 vuli:1gc is applied between a sekcrcd pixel clcct.rndc :irH.l a counter 

5 ckct:rodc corresponding rn this sclccrcd pixel elcct:rodc, liquid crystal hycrs :1rr:1111.:cd 

between the selected pixd electrode and the counter clccu·odc arc optic:dly mod11LHcd, so 

that: this optical modulation may he recognized as a display p:1nern by :i viewer. 

While s11ch active nrnu:ix type liquid u:ysrnl displ:iy devices :m: widely used in variuus 

fi.cl.ds, su:onr: dc1n:1nds arc rcque0ted fr)r enlarging display screen sizes, ~'.lr1d f()r rc::.dizinr~ hir~h 

10 prcci:;ion, high apenurc ef'flcicncics, :.md high reliability. 1\1; tlw .1anw time, im.provcmc1Hs 

in productivity and also low cost. arc strongly required. 

SUMMARY CJF 'Tl!E !NYEN'f!ON 

In :tccordann' with one as pee I. o( the prcscm invcmion, it. becomes possible to provide 

a semiconduct:or dcviu' capable of realizing I.ow power consumption, even while a display 

15 screen is enlarged, and also to provide a method of manufacruring such a .\c.•micondunor 

device. 

In accordance with cmc aspect of die invention, a display device such :n :.1 liquid 

crysml display devi.cc is featured by that. :1 surface of a source wiring line of :.1 pixt•I portion 

is processed by 'way of a plating process operation so as to lower a resisrnncc v<1l.uc o( t.hi.s 

20 source wiring line. T'he sourc(' wiring line of the pixel portion may be n1:m11foct1m"I :n :i 

step diffrrent. from a srcp frlr manufacturing a source wiring line of a drive circui.t ponion. 

Further, clcct:rodcs of a t.cnninal portion of this dispby device may be processed by a ph ring 

prou"s operation so :'is 1.0 •·ed11cc :1 resist:mcc value thereof'. 

In the display device :1cuH·ding 1.0 one aspect. of' 1.hc present invent.ion, while :l wiring 

25 line before being pl:ncd is formed by using the s:ime m:ncri:.il as rh:ll." of :1 g:.Hc dcctT<Hk, :1 
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.1urf:ic" of this wiring I.inc may he prcll:rably processed by :1 pl:iting pron:ss upn;irion su ;is 

to form the .\Olll"CC 'wiring line. As n niatcrial f'ilm which is p1·occssccl hy :i pl:i1in;.: prncc.:.\s 

operation, ir is prcf(•r;1bk to employ such a 1.m1tcrial film having a lower rcsist:mcc v:duc 

than that of the gate dcnnxk. 1\.1 :.1 result:, the source wiring I.inc of the pixel ponion may 

5 bccornc such a \Viring litlc having :·1 lnvv re~i.".it·.;-Jncc v;.1!11c 1 l.x::C:·1u~e of t·hc plaring procc~)s 

()l)CI.'atio1.1. 

A scmiconduuor device havillg the l:wlow~mentiom:d 1rruciun.: i1 di>t.:lo1cd in 1hc 

specification of the present. invention: Tl1at is, rhc semiconductor device equipped with a 

'T'F'T' C(n11::1ining ::i scrnicon.ductor layer f(Jrn1cd on an in.sulat:ing surLi.cc 1 an. insul.at:in~~ fi!n1 

10 kmned on rhc semiconductor l:iycr, and a gate electrode formed <m the insulating fillll, 

compnsmg: 

a pixel portion equipped wil'h a first n-channcl 1.ypc "T'FT' having a source wiring I.inc, 

the surf:K\: o( which is covered by a n1atcrial film having a lower rcsisrancc v:il11c (ur 

resistivity) 1.h:1n t:hat: of dw gate electrode, whil.c surrounding t:hc wiring line Ill;Hk of t:he 

15 same mate.rial as that of' t.lw gate clcurodc; 

a drive circuit equipped wi.th a circuit: constructed of both ;,1 second rH:.hanncl 1ypc 

TFr and a p-channd type 'TTf; and 

a 1:cnnin:1l purt:ion, rhc surface of which is covered by a Ill:H;crial fllrn having :.1 lower 

resistance value (or a rcsist:ivit:y) t:h:m t:hat: of t:hc gate dccu:odc, while sun·m111ding rhc 

20 wiring line made of t:hc s:111w nHncri;1l :is t:IHn of' t:he g;Hc clcct:rodc. 

In t:he above-described sem.iconduct:or device structure, the above-described materi:il 

film having the I.ow resistance value contains <ll leasr one m<.ll'cri:.il 111;1inly c(HH:1ining Cu, 

Al, Au, Ag, or an :1lloy of these c~lernems. 

Also, a scrniconduci.or device, according t:o another aspect of dw prcsc:nr invention, 

?.5 1.0 featured by such a scrn.icon.duct:or device equipped \Vith a 'l'F'T' con.r::.ti.n.ing ;.1 

scmiconducror layer founed on :in insularing surfocc, :rn insul:ning f'ilrn k>rmcd un 1hc 

semiconductor i:Jyer, :rnd ;1 ga1c clcc:1.:rodc frmncd on the insulating Ciln1, compri.1ing: 



:'1 pixel portion equipped wit:h :1 first rH:hannel rype 'fFT havinf; a su111n: wiring line 

which is pniccssed by a plating process opcrn1.ion; 

a drive circui1. equipped with a circuit: comtructcd of h()t:h a second n-channcl 1.ypc 

'l'Ff and a p-channd 1.y1w 'fFf; and 

5 <I rcrmirnd portion which is procc:ss\:d by a ph1.ing process opera1.ion. 

In 1.hc :d.iovc-dcscribcd semiconductor device structure, borh a surface o( rhc 1.cnninal 

portion and a surfricc of r:hc .)ou1-cc wiring line of the pixel portion :ire covered by a thin film 

made of a mat:erhl which mainly contai.ns Cu, A.I, Au, Ag, or :.m :illoy of t:hcsc clements. 

Also, in the above-explained semiconductor device st.rucrurc, bot.h 1.hc 1.crtninal 

JO portion and rhc source wiring line u( 1.hc pixel ponion arc scpararc:ly, or sinutltanc:ously 

procc:;ocd by rhc plating process opcrnrion. 'fhc plat:ing-pron:"cd 01.iurcc wiring line: 

corresponds to such a pl:H:ing-proccsscd wiring line whid1 is rnadc of 1.he same mare rial as 

tl1'H of the gate electrode. Also, 1.hc plating-processed source line is formed by w<Jy of :.1 

prirn:ing process operation, ;Jnd further, co1.,-csponds to such a wiring line having a lower 

15 resistance value than rhar o( rhc gare elccr.rodc. 

Also, in the above-explained semiconductor device strucu1r\e, :1 CMOS circuit: may he 

constituted by employing the sc\:ond 1H;h:mnel type 'fFf and t:he p-clrnnncl type 'l"FT. 

Also, in the above-described semiconductor device structure, rhc first n.ch:mnd r:ypc 

'fFT has :1 fPHe electrode, and a channel forming region which is overlapped wir:h rhc gate 

20 elccr:rode, while :1 width of the channel fonuing region is idcruical ro a width of i:hc gate 

elcnrodc. Alternatively, in the above-described semi.conducror device stTuct:urc, the first 
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n-channcl type TFT h:1s a gare electrode h:wing a raper poni.on, a channel frmning region 

which is overlapped wirh rhc gai:c clecrrodc, and an in1purir.y region which is pan.ially 

uverl:1ppcd with the gate electrode. ln this case, this f'ir.1r: n-cbannd type ·rFr rn:.iy be 

prcforably made of a triple g:nc st:rucrurc having three channcl.frmning regions. 

Also, in the abovc .. cxplaincd serniconductor device strucrun:, 1 he n-clrnnnd type ·rrr 

of 1.hc drive circuit incl1Hk.1 :.1 gau: ck:crrodc having a raper poniu11, :i ch:rnmel fonning 



region whi<:h i.1 ovcrbppcd with rhc gate clcurodc, and an impurity region which is p:1ni:illy 

overbpped wirh the 1;;1tc electrode. 

Also, in the ahovc·cxpl:iim'd .1cmicond11cror device SITunurc, in1purity concenrration 

in an irnpurity region of dw n··ckmnd type 'fF'f is defined withu.·1 at least a range oi" l x IO" 

5 to 1 x l0 18
/cn1

1
, and a region having a concentration gradient. i.1 C\mtaincd. A dist:-rncc: frorn 

the channel forming region is increased, and alw, impurity concenl:rntion is increased. 

Furthcnnor(\ in order to obtain the above·dcscrihcd semicond uct:or device stn.tctmcs, 

a semiconductor device rnanufoc tu ring nH'thod, according t:o anorhcr :L1pcct of dw prcscm 

invcmion, is k:11:urcd by such :1 rnnhod for man ufocturing a "''m icond ucror device provided 

10 wit:h a drive circuit:, a pixel portion, and ;1 rcnninal portion on an insuhring smfr1cc, 

comprising: 

a step frir frmning a scmiconduct:or layer on t!w insubt:ing surface; 

a step for forming a first insul:ning fllm. on said scn1iconducror layer; 

a step for forming a first. )}HC clccu:odc, a source wiring line of rhc pixel porrion, :md 

15 an clcct:rodc oft.he t:cnninal portion on the first insulating fil111; 

:i step for adding :rn impurity elemcm capable of applying an n-t:ypc into the 

scmicondun.or 1:-lyer, while the first: gate electrode is used as a rn.ask, so as to form :m n type 

first: impurity region; 

a step i(ll' crching t:he firsr gat:c electrode so as to form a 1<1pcr portion; 

20 a step for adding an impurity element capable of applying :m rHypc rhrnugh the tapn 

ponion of t:hc first gate clect:rode into t:he scmiconduct.or' !:Iyer so as t:o form an n type 

second impurity region; 

a step for adding an i1npuri1y dernenr capable of applying a p-1.ypc rhrough the raper 

portion of die first g:it.c t'lcctrodc int:o t:hc scrnicondunor layer so :.1s to frmn a p rypc 

2.5 impurity region; 

a step for performing :1 pl:11.ing process opera lion with respect 10 bodi :1 surl:tce of the 

source wiring line o( the pixel portion and a surface o( t:hc tcrniin:·il pmrion; 
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:1 ".:ep frn forming a wcond in;;ularing (ilm which uwn;; hmh the oOurcc wiring line of 

dw pixel portion aiid the terminal ponion; :)1HI 

a step f()r f()rn1i11n h<)t:h :i g:.lt:c 1,vi.ring line arld a source \viring line of t:hc clrivc circui1· 

on rhc S<Tond insulming film . 

.5 Abo, ;1 oeni.iconduci:or dcviu' m:\nufocruring mcchod, :.1ccording 1.0 :mother :.q.,cct of 

the prcscm invcnt:ion, is featured by such a method for m;muf:icturing a semiconductor 

device provided with a drive circui.r, a pixel portion, and a rcr111i1rnl puniun on ;1n insubring 

surface, comprising: 

a step f()r fiJrrnin.g a sen1.iconducror i::lyer on t:hc insul::.itinr,~ surface; 

10 a step frJr frmning a ffr,;1 in01rl:ning film. on said scn1iconductor layer; 

a st:ep f()r f()rrrd.ng a fi.rst: gai:c c!eci:rodc, a source \vi ring !inc of r:he pixel p<.lrtion, :·lnd 

an electrode of the t:cnnin~rl ponion on the first insulating Cilrn; 

a step for adding ;m impurity dcmcnr capable of applying an n--[ypc inro the 

seni.iconductor layer, while the first: gate elect.rode i-1 used ;1-1 a m:isk, -10 as to form an n type 

l S flL;r impurity region; 

a si:cp frir etching the first: gate clccu:odc so as to kmn a taper portion; 

a step kH· adding an impurity element. cap:ible of applying an 1Hype through t:he rnpcr 

portion of the first garc eleurodc into tlw ;;cmiconducror layer .><.l ;1.s to fr.Jrm :u1 n type 

SCC()Ild in1purity region.; 

20 ::i step for adding an impurity clement: capable of applying a p-typc through the taper 

portion of the first: gat:c ''kct:rodc into the scmiconduct:or layer Ml as to form ;1 p type 

irnpurity rcgi<Jn; 

a step for executing :J pbting process oper:1rion with respect 1.0 a surfo1u' of rhc source 

wiring line of the pixel ponion; 

25 a step frir performing a plating process operation with respect co a ~urf;1(:c o( dw 

cerminal port.ion; 

;J Srcp for forming a second insulating film which covers hoch t:lw source wiring line of 



1.hc pixel ponion and the terminal port.ion; and 

a step for Conning both a gate wiring line and a source wiring line of t.hc drive circui1 

on t:hc second insuhring film. 

In 1.hc :ihove--described semi.conductor device structure, hnth the ahovc-dcscrihccl 

.5 source wiring line o( t:he pixel ponion :.111d 1nmin:1l punion arc m:1nuC:1nurc<.l by employing 

such a material fllm mainly containing Cu, Al., Au, Ag, or an alloy of t:hcsc clements. 

Also, in the above-explained se1nicondunor device structure, a1 t:hc plating process 

oper:nion .11cp, the source wiring lines of 1.hc pixel portion arc connected t:o each other by 

using :-1 \.viring line so :).-; l.\l bccornc th.c san1.c potcr1.t:ial.. 'l'his connecrcd \viring line f<.lr t:he 

10 cqttH)ot:Cnt:ial purpose m:1y be cut our by Li.in light :ifrer t:hc plming procc.1s operation has 

been c1rrir'd out, or may be cut. out. in conjuncrion with t:hc substrate at: rhc same Unw :ifi·cr 

the plating pn"J<.:ess operat:ion has been carried out. 

Also, in accordance with die present: invention, t:h.c drive circuit may be fonncd by 

employi.ng an NMClS circuit constructed of :ill of n .. ·channcl type 'TTfs, and t:hc 'TYr of t:hc 

15 pixel porrion may also he forrncd on t:hc same suhst:rat:c by employing ;m n,cl1'1nncl type 

'rF'f. 

When an NMOS circuit is frrnncd by combining n-channd rypc 'l'Ff.1 with each 

other, there arc two cases. That' is, as shown in Fig. 2.3A, such ;m NMOS circuit: is frmned 

hy C(nnbining <.;nh:mcc1ncnt: type 'fFI's with e:ich other (will he referred to as an "EEMOS" 

20 circuit hereinafter), when;;1s :1s indicat<:d in Fig. 23B, such an NMClS circuit i:; formed by 

co1nbining an enhancement: cypc TF"f wit:h a depiction type 'l'FT (will!"~ reforrcd mas an 

"EDMOS" circuit hcrcinafrcr). 

'f'o manufacture hot:h an enhancement: type 'fFf and ;1 dcplc1 ion type TF'l' in :,1 

disting11id1ablc 1.nanncr, either such an clement (prcl'er:1bly phosphorus) belonging to Croup 

25 XV u( the periodic t::ible or :1norhcr dcrnent: (prcfor:ihly boron) belonging to Ciroup XIII of 

1.hc periodic 1.abk may be properly :l\ldcd UJ a scmicor.1.ductJH" which ccm:;1_i1·1I!c.1 a channel 

frH-rn.i ng rcgi<)l.1.. 



Also, in such a cbpl;iy :ipparatus whose display area is small, in the case that a drive 

circuit is formed hy such an NM()S circuit: made of n-clrnnncl type 'T'FT\, const1rncd pown 

thereof' is hrgcr than that"( :1 CMOS circ11ic However, rlw invcnrivc idea of' r,he present 

invention may bccmnc p:utic11lnrly cffr,nive in 1he case th:.n '' display area of il display 

5 apparatus is'' large size. 'l'hcrcforc, i:hcrc is no problem as 1:0 power consumption in either 

::i dcskrt<.)p type n1on.it:or having a large screen size or 1·l television h,avir1.g a large display 

screen. Also, in :iccordancc wit:h another aspect of the present invention, :ill thin film 

transistors t:hat cons1inHc a gate driver ci.rcuir and a source driver circuit over the disphy 

:;ubstrat:c can be made ofNMOS circ11it.s (i.c'. N·channcl thin rilm tr:msistors) :is well. as all 

10 thi.n film transiswrs in the pixel portion being N.ch:mncl thin film 1r:n\sistors. It: i.s possible 

to use :m cxrcrnally conncncd IC chip in addirion ro t:hcsc NMOS circuits, especi:dly :L\ :1 

pan or a whole of t:hc source driver circuit. 

A semiconductor device having t:ht: lwlow·mcmioncd s1ruci.urc is disclosed in rhc 

spccilk.:Jt:ion of the~ p1ocsc1H invention: 'fhat: is, the sciniconducror device equipped wii:h :1 

15 TFr UHH:rining a sc1.nicondunor layer formed on an insulating surface, an insulating fil.1.n 

formed on rhc semicondunor bycr, and :1 g:nc electnide frmm:d on 1.:hc ins1.d:11ing film, 

co111prisir1g: 

a pixel pun.ion equipped wit:h :.1 first: n~dlimncl type ·rr:·r having :1 soun:c wiring line, 

the surface of which is covered by a 11u.1tcri.al frlin having a lower resistance val.uc than t:h:n 

20 of the g:nc electrode, while surrounding the wiring line ni:.1dc of the same 1rnncri.nl :Ls th:n 

of rhe gar:e eknrodc; 

a drive circuit equipped with a circuit con.stn1e1:ed of' bo1 h a second rH.:hanncl type 

TF'T' and a third n--channcl rypc TF'r; and 

a termin:d portion, the surface of which is covered by :1 m:.ncrial film having a lower 

rcsi.stancc value than rhat o( rhc g:11.c clccu·odc, while surrounding 1J1c wiring I.inc nli·Hic of' 

the s:unc material as rh:11: of' 1.hc )lill:C clccrrodc. 

In the :d.iovc-dcscribcd semiconductor dcvin' s1r11<:.1urc, 1hc :iliuvc-ckscribcd rn:11.cri:il 
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film h;iving the low 1-csisr<incc (rcsi.11:ivity) v:ilw.' corit;iins C:u, Al, A11, Ag, or ;in ;illoy of 

these clcmcn1s. 

/\I.so, a semiconductor device, according to :mmhcr aspc:ct: o( t:he present i.nvcmion, 

1s k'.nturcd hy such a scmiconducror device equipped with :.1 ·rFr corH;iininr: :.1 

5 semiconductor layer formed on :m irnul:ning surfocc, an insubuing f'ilrn f(mncd on t:hc 

semiconducror byer, :md a g:Hc ckct.rodc frmncd on t:hc insulating filin, comprising: 

a pixel portion equipped wit:h a first: n-channcl type TFT h:wing :.1 .101.11-cc wiring line 

which is processed hy a plating process operation; 

a drive circuit equipped with :1 circuit constrnet:cd of both a second n-channcl type 

10 ·rFr and :i rhi.rd n-ch;.mnd t:ypt' ·rFr; and 

a i:crminal ponion which is processed by a plating process operation. 

In the above-described semiconductor device str1irture, both a sur(ace of the 1.cnninal 

portion and a surface of dw source wiring line oCthc: pixel port.ion arc covered by a thin fllm 

made of a material which mainly contains Cu, /\I, Au, Ag, or an alloy of these elements. 

15 /\!so, in each of the above-explained semiconductor device structurc.s, both 1.hc 

terminal portion ;md the source wiring line of the pixel ponion arc sc:parardy, or 

simultaneously processed by the plating pnx:ess operation. 

'fhc plating-p1·occsscd source wiring line corresponds to such a pbt:ing,proccsscd 

wiring line which is obt:aincd at the same st:cp as that of rhe gate electrode. 

20 /\!so, in dK rcspcct:ivc scmiconductur device sr:rucrnre, rhc plating-processed source 

wiring line corresponds t:o such a plating-processed wiring line made of a matcri.al h:iving 

:1 lowcr resistance value (or a resistivity) th:.\1.1 that of' rhc garc electrode. /\.loo, t:lw wiring 

line ni:H.k of rlw marcri;d having the lower resistance value rh:m th:H of the w11:c ckctnxk 

may be formed in such a manner that afrcr a film h:is hccn formed by employing 1.he 

25 sputtering method, this .1p1ni:cn:d film is panerncd. 1\ltcrn:11ively, this wiring line ni:.1y be 

forrnul by w:1y of' 1.hc print.ing method. When t:he wiring line is Conned hy cxccut:ing the 

j)rinring 1nct:hod, a total number of m:1sks may be reduced_ 
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Aho, in e;ich of the semiconductor device strucunc>, either :m EEMOS circuit: or :m 

EI)lv!OS circuit is formed by employing the second n-ch:mncl type ·rFr :md the third n.· 

chr1nncl type ·rFr 

Also, in c:Kh n( t.hc abovc·describcd semiconductor device s1ruc1.urcs, the first n· 

5 channel type 'rI.'T' owns a gate clcurndc, and a channel. forn1ing rq,ion which i:; ovcrl:ippcd 

with the gate electrode, while a width of the channel frmning region is ident.ical to a width 

of the g:11:c dee node. 

Also, in t.lw :1bovc·t.k.1cribed semiconductor device suucturc, the first n-channel type 

··rr;'T' <">\vns r'.I gai:c electrode having :-1 U1J.)CJ' porrion. 1 a channel fi.H·n1ing re.~ ... ~ion \.v_hich is 

IO overlapped wid1 the gate elect.rode, and an impurity region which is pani:1lly ovednppcd 

with dw g:ne dec1:rode. 

Also, in each of abovc,cxplaincd sc1.nicond uctor device st:ructurc:;, t:he n,channcl type 

'fF'T' of the drive circuit: includes a g:He ckct:rodc having a raper porti.on, a channel frmning 

region which is ovcrbppcd with 1.he gate electrode, and an impurity region which is parrially 

15 overlapped with the garc electrode. Al.so, rhis fir:;t rH:h:rnncl type 'fFf niay h:Jvc three 

char1nel,.f()rn1i11g rcgic)n~. 

Also, in the abovc·cxplaincd semiconductor de vi.cc .1trnct:urc, impurity concentration 

in an impurity region 0(1.he n-clrnnncl 1.ypc ".l.'FI' i:; defined within at. least a range of l x I 01. 1 

to l x J01. 8/cm 3
, and a region having a conccnt.r:nion grndicnt is comaincd. A dist:.mcc f'ron1 

20 the channel forming region is incre:i:;cd, and ;1!:;0, impurity concentrat.ion is i1H;rcascd. 

Also, in e<ich of the seniiconducror device structures, the first: 1.H.:hanncl type 'fFr 

may preforably own a plurnlit:y o( channcl-·frmning regions. 

A scmiconduct.or device having another structure is disclosed i.n the s1wciCication of 

the JXCS("1t invention: the semiconductor device cqui.pped with a TFT containing a 

25 semiconductor layer f<.iuncd on an insul;11.ing surface, an insularing film frmncd un dw 

.)en1ic<)r1c!t.1ct<)r layer1 ~1nd :·l g:·lt'c i.Jcc·t:r()de fr:HTOC(i on rhc insulating l"ilrn1 cun1pri.';infr 

a tcrn1inal ponion, at kast: the panial surfrlCe of which is C<ll'crcd hy a l11:HL~rial i'ilm 
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l1avi.ng n lo\vcr resistance value than. that c>f the gate c!cct:rol..'I{.\ vvhilc surrourH.ling rhc 

clccuodc mack of"dw s<irnc 111:itcrial as 1.hm oft.he gnt.e deer.rode. ·rhis material film h:winr'. 

the low rcsisi-:1ncc v:iluc i.1 lower di:111 that of the mau:ri:.d of rhc g:Hc clcct.rndc. 

A sen1iconducror device h:iving another structure is disclosed in 1.hc spccif'ic:11:icm of' 

5 the prcscm invent.ion: die semiconductor device '"l'1ippcd wirh :1 'f'Ff conr:iining :1 

10 

scmiconducrnr layer f<-mncd on :rn insul:11ing surface, an insulating fllrn fonncd on the 

scmiuJrHllJ(:ror hyer, and a gate clccrrodc formed on rhc in>td:ning filrn, con1prising: 

a tcrmin:il ponion, ;ir lcasr dw pani:il surface o( which is covered by :1 m:11cri:.il (ilm 

havi.n.g a l.owcr rcsi.i.;t::·:111(:C v;:duc (()r :·:1 resis1.ivit:y) rh.:Jn t:hnl n( t:hc g:·n:c clccrr()clc, \\·hi.l.c 

surrounding the electrode m.adc o( t:hc same n1ateri:il i.IS rh:.11. ol· rhe g:Hc dectrode; 

a wiring line which i.s covered by :1 m:irerial film having a lower rcsisurncc value rhan 

th.at of the gate electrode, while surrounding the wiring line made of rhc s:11nc rna1.nial as 

rh:-H o( the gate clccrrodc. 

Also, in rhc :dJovc-cxpbim;d scmiconducior device structure, the wiring line 

15 corresponds to a source wiring line. 

A.lso, the semiconductor device described in the n:spcnivc cases may be cit.her a 

1:ransrnis.sion type liquid crystal module or il reflcct:ion type liquid crystal modul.c. 

Furthermore, in order ro obt:-1in rhc abovc-dcscri.bcd scmiconducror device st rue rnrcs, 

a scmi.conduccor device man uf::icu.ll'ing mcrhod, according 10 :111otlwr aspect of the present 

20 i.nvention, is featured by such a met.hod for manufacturing :t semiconductor device provided 

with a drive circuit, a pixel ponion, and a t:crmin:il ponion on an insulating surface, 

C()111 prisi11g: 

;i step fr1r forming a suniconductor l:iycr on the insularing surface; 

a step for fr.rnning a fir.st insubting fllm on said scn1icondunor hycr; 

2.5 a step for frJrming a first: gate electrode, a source wiring line of rhc pixel ponion. :ind 

:in electrode of die rcrmin:il portion on rhc flrst insulating film; 

,-. srcp for :.1dc:ing an impurity clcmcnr cap:.dile o( applying an rHypc inro the 
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scmicundunor l::iycr, while the Cirst g:11c dccuodc is uor•d :1s :1111:1sk, sn :10 rn filrrn :m n type 

first: irnpurity regiol1; 

a st:cp for etching the first gat:c dcct:rodc so as to form a t:.qicr portion; 

a step for adding an impurity clement: cap:1hlc of applying :Jn 1H:ypc through t:hc 1::1pcr 

5 portion of the first gate electrode i.nto the scrniconducror l:iycr so :is to frmn :.111 n type 

second irnpurity regi<.>n; 

a st:cp for performing a plating process operation with 1Tspcc1: t:o both ;i su1{Kc of the 

source wiring line of the pixt'I portion :md :.i ,;urf:Ke uf the t.enninal portion; 

a step for forming a second insulating filn1 which covcr.1 bmh rbt: S<.H1rcc wiring line of 

10 the pixel portion and t:he t:enninal. portion; and 

a ::;t:ep f<)r fi)r1Tling i)oth :·1 g:·.lt.e \vi ring line ::i11d a S(>Urcc \.Virin.g line of the drive circuit. 

on the second insul:ning film. 

Also, a semiconductor device manufacturing mct:hod, according t:o another aspect: of 

t:hc present invention, is foaturcd by such :1 method frJr 1.w.11.1ufanunng a semiconductor 

15 device provided wit:h a drive circuit, :1 pixel portion, and a t:crmin:1I portion on :1n insulating 

surface, t()n1prising: 

a step for forming a semiconductor layer on the insulating surfocc; 

a step for forming a fi1v ins1.d:11:ing film on said scmiconducwr layer; 

a sr.cp for forming a llrst: garc electrode, a source wiring line o( 1.hc pixel port:ion, and 

20 an electrode of the terminal portion on t:he first insul:Hing film; 

a step fr1r adding an impurit:y element capable of applying :.m rH.:ype int:o t:hc 

semiconductor layer, while the first gate clecu:odc is used :is :1 mask, so as t.o form an n type 

first impurity region; 

;1 step for etching the f\rsr gai:c clcct:rodc so as to Corm :.1 1.aper portion; 

25 a st:cp for adding an impurity clcn<ent cap:ibk of':'lpplying an n-type tln<H1gh 1.hc raper 

portion of the first gate elccrrodc in1:1.1 the semiconductor layc.r so :.is ro kmn an n type 

second i11lj)t1rity region; 
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a step f("Jr executing a plating proce:;!j (}pcr;.1t:ion \Vi th respcci 1·0 :1 surf:1cc uf" rhe :)()urcc 

wiring line of dJC pixc:I ponion; 

a step (or pcrfonning a plating process operation with rcspccr w a surface o( the 

terminal porlion; 

5 :-.1 step hH- f()rrning ;.1 second in.'iul:.itinn filin \vhich covers hot:h the source \.viring linen( 

1.hc pixel port.ion and the tnmin<il portion; and 

;1 step for forrni.nf; both a garc \Vi.rin.g line an.d a source \.viri11g lint:~ uC the drive circuit 

on t:hc second in:;ul:11.ing rnm. 

Also, in each of the abuvt>-cxplaincd sc1.niconduct:or device 111:rn1d.;1cturing mulmd, 

10 both the source wiring li.nc of dw pixel porti.011 and 1.hc 1.cnnin::d portion arc 1nadc n( such 

a material m:1inly e<..>nr:1ining (\1, Al, ;\u, Ag, or :m :illoy of 1.hc:sc clements. 

Also, in die :il1ovc~cxpl:1incd scmicondunor device m:rnufact:uring method, :H die 

plating process opcr:11.ion st:.cp, 1hc source wiring lines of the pixc:I portion ;ire connenccl to 

cachothu by using :.1 wiring line so as to bccom.c the s:.nnc po1.cruiaL 'Tl1is connected wiring 

J .5 I.inc for the cqui-pot.cnti:il purpose rn:-iy be cur out:: by laser light ((:(),~bsc1· et.c.) afrcr t::hc 

plating process operation has been carried out:, or may be cu1. 0111. in conjunct.ion with rhc 

subsrrat::e at: t::hc sainc time afrcr the plating process opcr:nion has been carried 01.11. 

/\!so, in :lecordancc wirh another :-Js{Wct o( the prcscnr invention, in.1rcml of' the n­

channd type 'TFf, all of t:hc circuits r.nay be frmncd on dw s:-1rne subs1.ra1.c by c1nploying p-

20 channel type TTT'.>. More specifically, all thin film 1:ransiston; t::h:n const:.:it:ut:c driver ci.rcuirs 

and an active mauix circuir. over t:hc substrate can be P-channd 1.ypc ·rFTs. 

A. scmiconduc1.or device having another struct::ur<: is disclosed in the spccific:11iun of' 

t:hc present invl:nrion: ·rhat is, the semiconductor device equipped wirh :1 'J"'FT conr.aining 

a scrniconduct:<)r L1ycr f<)r11H:;d <.H1 an insulat:i11g surface.) an in:)ulating fllrn (()rtncd on the 

25 semiconductor layer, :ind a gat<:: electrode formed on t:hc insulating filn1, comprising: 

:1 pixel port.ion ""Juippcd wit:h ::1 first: IH:h:mncl 1.ypc T"FT h:wing :i .1ourcc wiring line, 

dw surfocc of' which is covered by :1 m:-nr:rial film having :1 lowcr resist:ancc value th:m 1h:11 
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of the g:itc electrode, while S111Tou1h.ling rhc wir·ing li1w nrnclc of d«.? s;ww ma1.cri;i I as 1 h;ir 

t)f t:he gate clcc1·.r<:Kk~; 

a drive circuit equipped with a circuit consr.ructc:d of hor h a sccrnh.I 1H:lwn1wl rypc~ 

'fFT and a third p.-ch:mnd type TT'T'; and 

5 a tenniri<il prm:ion, rhe surf: . .,cc uf which is covered hy a m;Hcri:il film h:1vin:.?, :1 l.owcr 

rcsisrancc value than thm of the g:Hc electrode, whi.lc surrounding rhc wiri1·1g line m:idc of 

the same 1.natcri.al a;; that of the g;ne electrode. 

/\.IS(\ a scn1iconduct<Jr device, according t:o aru)tl1cr aspect: of rhe 1)re~cnt i11vc1lrion, 

1.s fo:nurcd by s11ch a semiconductor device equipped with a 'Tl"f conr:iintn!.: :.1 

10 sc111icondunor layer formed on an ins1il:ning surfocc, :in insulating hlrn formed r>n dw 

.1cmiconductor layer, and a gate dcnrode formed on 1.hc insulating fllrn, co1nprising: 

a pixel portion equipped with a flrst p-ch:1nnel type ·n;T h:iving :1 source wiring line 

which i.s processed by :1 plating process opcr:H:ion; 

:1 drive circuit equipped with :J circuir const:run.cd of' both a second p-channcl rypc 

15 TFI' and a third p,channcl type TFT'; and 

a r:enninal ponion which is processed by a plating process opcr;11:ion. 

In the case t:h:n dw alJ<wc,dcscribcd p~channcl type 'fFfs arc cn1ploycd, eidKr an 

EEMOS circuit or an El)MOS circuit is consrirntcd by employing both the sc•cond p­

d1;mncl rypc TFT and die third p-channd type ·rFr. 

20 Also, t:hc present invention is nm specifically limited to the st.ructurcs offFl\, but nn 

inverse stagger type 'T'FT structure 1.nay be c•mploycd. Also, as an activation l:iyer o( a TFr, 

not only :i scmiconducmr film having ;1 crystal struct.:t.1l'l\ but :Jbo :1 semiconductor fllm 

having ;m :m10rphous structure may be employed. 

The present: invention is fo:Hurcd by rn;mufrKt:ming such a semiconductor ckvice 

25 comprising; a sotu-cc wiring line which is pl:.u:ing-proccssed hy employing :1 material h:wini!, 

a low rcsist::.11\CC v;·duc (typic·illy known as Cu, Ag, /\u, (:r, h:, Ni, h, ur alloy ur' 1hcsc 

c.dclllen.ts); a 'T'F'T' (Jf ::1n inverse sraggcr typ'~ r)ix.cl p<Jrti<)ll; a sr.<.)r:.1gc c:.:ipaciU)r; ~:ind n 



terminal portion. It should be norcd t:h:it since only rhc shape <>f rlw pixel poniull is 

incrc:1scd when t:hc display screen size is cnlnrgcd, there is no 1H.:1:.d rn phtc the nw1:1I film 

on any ponions orhcr dL.111 tl11• pixl'i portion. In other words, rlw nwnl fi.lm may he plarin1< .. 

rmxcssed only Oil rhe srn1rcc wiring line of rhc pixel porrion. 

5 l\dcning now t:o Fig. Tl, :'1 dcsnipt:ion will he made of' a 11\t.'t:hml frn pl:1t:ing such '1 

metal film only on the source wiring line. Such a wiring I.inc pau.crn is frmncd on a 

substTiHc. A pl;ning·pr<!ccss electrode 4d05 corresponding ro :.111 clccrrodc for pcrf<mning 

a pbting process opcr:11:ion is 11101nned on thi.s wiring pancrn. Both a rcrmin:il portion 11.lOi\ 

connected t:o n drive circuit provided on the gate wiring line side, ancl ;·d.so anmhcr tcnninal 

10 41l09 connected to a drive circuit provided on the source wiring line side arc formed on this 

wiring pattern. As indicated in Fig. 33, such a parrcrn which will con.srirure the sr.n1ru' 

wiring line 41.lOZ is formed on t:his wiring line p:nrcrn. Since t:hc ponion 1.0 which rhc rn.ct:al 

film. is plated is only t:he source wiring line 41302 of rhc pixel portion 4803, such :1 pnncrn 

which will c<m0t:in11c dw source wiring line is nor connected 1.0 the 1.errninal ponion wh.ich 

15 is connccrcd t:o t:hc drive circuit: provided on t:hc rnurcc wiring line si(k. Nore, rd(,rcncc 

n\mWnli 4d0 I indicates a gate wiring line; 1ti\04, a gi:lss subsnarc; 4806 and 4807, substrate 

CUHJUl lines. 

Since t:hc plating process operation is c1nied our by ernploying this wiring line Jl<HTcrn, 

the mewl fi11n can be plated only on the source wiring line o( rhe pixel ponion. 1\s a 

20 cons<~q1w1Kc, even when the .screen size is cnbrged, such a :;cmiconducrnr device capable 

of realizing low power cons111nption can be m:mufocn1rL,d. 

Al.so, in accordance with one aspect: of the presl'11t invention, all the thin fllm 

tr:msisrors which const:i.rutc a driver circuit :md all t:hc thin fllm t:ransisrors provided :.n :.1 

pixel pon:ion ;1re m:1de of p-channcl thin film 1.ransist:ors. Source l.incs of the pixel portion 

25 may be fr>rmcd of the s::unc layer as the gat:e electrode oft he J>ch:mrn,l rhin (ilm 1:ransisrors. 

In thi.1 ca.\t', g: . ..i:e line.s of rlw pixel ponion and pixel clcnrmks may be formed on :i s:.>111c 

interl:1yer insulating fi.lm over rhc ;hin film transistors. 
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Furtherrn()!"(\ in ("1CC()rd;1ncc \Vi th ;1not:ht:r ;.1:-;pl~C\' o( rite present ittvcnti.\)ll, ;:dl 

the thin f'iltn 1:ransi"s1ur.1 which uinstitlll.<: :1 driver circuit and all 1hc 1hin Cilm 1ransisrors 

provided at a pixel ponion arc made o(n,cliannd thi.n fil1111:r:rnsisrors. S1H1ru' lines rif'rhc 

pixel portion 1.nay ht' frmncd u( the sam.c layer as the g:He clcurodc o( 1.hc JH:hanncl rhin 

.5 film transistors. In this case, gate li.ncs or the pixel J.lOrl"iOll :.111d pixel cil'Ctrmks I1l:1y he 

formed on :.1 same inrcrlaycr irn;ulating fil.1.n over die 1hin film 1.r:rnsistors. 

BRIEF LlESCRIFT]()N OF THE DH./\ WINCiS 

Figs. Ji\. 11) arc di:igr:nn.1 for rcpn:scnring a manufacturing srcp rl an /\M-LC:I) 

~1ccording rn an ctnbodimcrn o( the present: invcnrion; 

J 0 Figs. Z/\- 2 Dare diagrams for showing a rn:nrnfocruring step of rhc /\l'k LCLJ according 

ro dw cmbodinwnt; 

Figs . .3A-.3B arc diagrmns for indicning :.1 manuf:icturing step of the /\M-L(:D 

according t:O t:he cmbudirncnt; 

Fig. 4 is :1 diagnun for showing an upper view of :1 pixel of' the /\M-LCD; 

15 Fig. 5 is a diagram frlr showing an upper view 1ia pixel of the /\t'·kLCL); 

Fig. 6 is a diagram frlr indicating a scct:ion:d srrunurc o( an :JCl.ivc m:nrix type liquid 

crystal dispby device according to :.m embodiment of dw presc111. invcmion; 

Figs. '1A-7B are diagrams for showing a tcrmi1.><il pon:ion of rhc active ni:itrix type 

liquid crystal display device; 

20 Figs. 8A-8C arc diagrams for showing :.1 terminal portion of the :Ktivc matrix t:ypc 

liquid cryst:il dispby device; 

Fig. 9 is a diagram frlr representing an <.na.cr view of a liq11id crystal 1nodulc ;1(.:cording 

to an ernbodimt,nl: of rhc prcs<:nt invention; 

Fig. 1.0 is a diagram for showing an upper view ol' the liquid crystal 1n<Kiulc; 

2.5 Figs. I. I /\-11 I\ arr: <.li:.1gr:irns for showing a sectional viC\" oL.t pixel port ion o( the liqllid 
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crysr:al module; 

Fig. 12 is a dia7.~r:1m for showing" scction:il view of :1 pixel portion of the liquid crvsrnl 

m.od ulc; 

Figs. 13A- 13C arc diagrams (or showing a tcrmin:il ponion o( 1hc liquid cryst:d 

5 module; 

F'ig. Jtf i.1 a diagran1 for illustratively showing an example o( a huuorn gate 1ypc 

TFr; 

Fig. 1.5 is a diagram for indic:Hing :1 sccr:ional view oi' a pixel pun.ion in :iccord:rncc 

wit.h rhc present invcmion; 

10 Fig. I Ci i.s a diagram frn· indicating a mask 1.46 of the bot.I.om gate type TFT: 

Fig. 17 is :1 diagram for showing an upper view of' :1 pixel of the bottom g:Hc type 

TFT; 

Figs. lilA- lllD are ,Ji<1gr:11ns fr,r rqircscrning a 1nanu(acturing st.cp of an AM-1.J.::D 

;iccording to another cmbodirncnt oft.he present invention; 

15 Figs. l9A-19C arc diagrams k>r showing a manufacrnring step of the /\M.-L(J) 

according to the crnlxidimcnt; 

Figs. 20A-20B arc diagrams (or indicating a man11focruring step of the AM-LCJ) 

according to t:l.1c' cmbodinicrn; 

Fig. 21 is a diagram for showing an upper vkw of' a pixel o( 1.hc AM-LCD; 

20 Fig. 22 is a diagram for showing an upper view of a pixel of the AM-LCD; 

Figs. 23A-23B arc diagrams for showing a structure of an NMOS circuit: ac;cording ro 

another embodiment; of dw present; invention; 

Figs. 24A-24B arc diagrams for indicating a stn1cture (,( :1 shift; register :Kcording to 

another embodiment of the present invention; 

25 Fig. 25 is a simplif'icd diagram for representing a condition of laser irradi:Hion; 

Figs. 26A-2CiC :ire di:igr:1ms hr showing an cx:rn1plc of an ckcrnmic appli:mcc 

according ro another cmbodimenr of' the present invcnt:ion; 
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Figs. 27 A"27B :ire di:1gr:Hns fr1r imhcating an ex.ample of die electronic :1ppli:1ncc 

according to :1no1h,;-r crnbodimcm o( the prcscm invcnt:io11; 

Figs. 28!\~ 28(.: :·lrc diagran1s for indicatir1g a 1n~1n 11f:.1ct 1 iring s1·cp < )( ;:1 tT:1nsn1ission tvpc 

sc.nliC<)11ducror c!cvicc in which a source: \viring I.inc is pL1tcd hy cn1ploy1ng 11 C:::u!! 1 nccnrd1r1g 

5 t:o an embodiment of the present invention; 

Figs. 29A"29C ;ire diagrams for indicating a n1anufonuring step rla trnnsmissinn type 

semiconductor device in which the source wiring lint' is pLncd by employing "Cu", according 

i:o the embodiment of the present invention; 

f;igs. JOA~JOC.~: arc di.::lgran)S c~)l" in.(Iic;.1ting :,1 rn:·lnllLl(:turing Sl.Cp nf the rr;111)1nission 

10 type semiconductor device in which the source wiring line is pl:1rcd hy <::mploying "C11", 

according ro t:lw cmhodiml'nr. of' die present: invcnti.on; 

Figs. 31 A,J J Bare diagrams k1r indicating a 1nanufanuring step of a reflection type 

scrniC(>nduct()r device in \.vhich a S<)Urcc wiring line is pla1t~cl by ei.npk)ying 11C:u" 1 according 

l\> anorhcr embodiment: of the present inveution; 

1.5 Fig. 32 i.s a rk1gr;1m fr.ir showing an upper view of a pix.cl of the transmission type 

semiconductor device; 

Fig. 3.3 is a diagrnnl for reprcscrlting a wirit1g pat:tcrri containi11g rh.c SC)tu·cc wiring line 

of the transmission type sc1nicond11ct.:or device; 

Figs. HA- 34C arc diagrams for indicating ;1 man ufocturing step of :1 n:rnsmission rypc 

20 scmiconducror device in which a source wiring line is pbrd by employing "Cu", according 

to an cn1bodimcnt of die present: invention; 

Figs. J5A-.3.5C arc diagran1s for indicaring a manufauuring step of t:hc tr;msmission 

type semiconductor device in which the source wiring line is plated by employing "(:u'', 

according to t:he cmbodinwnt: of t:h.c present invention; 

25 Figs. 3()A".3()C arc diagr;uns f(ir indic:ning a manufo<:.r:uring srcp of rhc transmission 

type semiconductor device in which t:hc source wiring line is pl:ncd by employing "(:u", 

according 1:0 die cmlx>din1c1H of rhc prcsc1ll: invcmion; 
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Figs. 37 A<37C:: arc diagr(1n1s f()r inclicnt:i.n.g a n1nnuf:1(turing st"cp ()f;1 tT:-ins1nissi()n type 

scrniconducror dcvi"(·:c manuf:1c1:lln'd hy a channel stop mode, according 1.0 an cnihodinwrn 

of the prcscni: invention; 

Figs. J(lA,31.lC arc diagrams for showing a manu(ncruring src:p of die tr;msmission rypc 

.5 scmicondu<:tor device m;11rnfocrurcd by the channd sr.op rnmk, according 1:0 the 

embodiment of the present invern.ion; and 

10 

Figs. 39 A<l9C are diagr;J ms frn showing a nuu1llfoc n iring sr.cp cl 1.hc transmission type 

scmiconducr.or device m;-1m1foctl!red by the channel stop mode, according to dw 

cmbodirncrn of' 1.he prescm invenr.ion. 

J)E'l'AILED DESCRJP'l'!ON OF 'll!E PREFERRED EMl:lC)DlMEN'l'S 

Various cinbodirncnt modes of' the present invention will now be described in 

detail. 

[Embodimcnr mode I] 

First, ;1h:er an tm<krlaycr insula1:ing fllm has been 1nanuf;ictured on a subsuarc, a 

15 sc1niconduct.or layer having a desirable shape is manllf:Ktured by way of a first 

ph.otol.it:hography step. 

Next, an insulating film (containing gate in.,ulating nlm) which covers 1he 

semiconducwr l;iyer is kirmed. Both a llr~a: conductive layer and a second conductive layer 

arc frmncd on i:hc insulating fllm in a stack layer m;mner. These stack layer films arc 

20 1_1nJCcsscd by way of a second photoli1:hogn1phy step by pcrforining a firsr. ct.ching process 

opcr;niun, w that a gate: dect:rodc m~1dc of both a first conductive layer and a second 

condt.Ktive byer, a source wiring line of a pixel portion, ''""! an clccrrode of" t<:rminal 

portion arc frH:n1cd. It should he noted that in <Kcord;nH:c with 1.hc present invcmion, a(tcr 

die gate clecn-o<.k ha.1 bet:n Cirst:ly frmncd, a gate wiring line is manufricturcd on an 
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inrcrlaycr insularing film. 

Next, while··· a resist mask which has been manufocturcd in the scu>rnl 

phorolirhography step is kepr under 1.·m>oe111: condition, an impurity clcnwnr (phm;phnrus 

etc.) c::ip::lhlc <)f :·.lp[.llying ;1r1 11 n11 type is ;:1ddcd to t:h.e sernic<.)1H.luct:nr so th;.l_t: (.ln 11 ni1 rype 

S impurity region (high conccmration) is formed in a sdr:Jlir.:nmcnt 11ian1.wr. 

Ncxr, whik a resist: 1nask which h<is been manufocturcd hy way o( rhc sc.,cond 

photolit:hogn1phy step is kq:lt under present condition, a second etching process opcr:1uon 

is oirricd our by ch:mging :m etching condition, so that: borh :1 flr:;t. conductive layer ((u:sr 

width) having a rnpcr ponion, and also a second (:onductivc layer (second widrh) :ire 

10 manufactured. Ir should be noted that: rhc fast: width is nrndc wider th<in t:hc scu.md widt.h, 

and such an electrode constit:ut.ed by t:hc first. conductor byer :ind the second conducror 

layer may ccmstitutc a gate den.rode (fh-st: garc electrode) of :.in 1H.:h:rnncl 1.ypc 'fFT'. 

Subsequently, after t:hc resist mask has been removed, while the :ibov<>dcscrihcd 

second conductive layer is employed :·1.1 :.i mask, rhe impurity demcnt. capable of applying 

15 rhc "n" 1.ypc is added through t:hc taper portion of dw first: conductive layer into the 

semiconductor layer. In this ca.1<:, whik: :1 channel forming region is kmned below du: 

second conductive layer, an impurity region (low conccn1:rarion) is formed below the first 

conductive layer in such a rn.anner thar impurity concentration is gr:1du:1lly increased, w h ilc: 

rhis impmity region is scpar:Jted from the channel forming region. 

20 Tlwre:1frcr, the Wpcr portion is selccrively removed in order 1n reduce an OFF-currcn1 

of a TFT (t:hin,film tr:m:;ist:or) formed in rhe pixel portion. Only Lhe taper portion cl die 

gate elecrrodc of r:hc pixel ponion may be removed by performing :1 dry etching process 

oper:nion under such a condition t:h:n :i mask is ovcrbppcd thereon, as indicated in Fig. 16. 

In p:1nicul:lr, rhc t::ipcr port:ion may not: be selectively removed. /\s indic:itcd in Figs. 1.1 /\.· 

25 l l B, when t:he taper portion is not selectively removed, this r:1pn ponion is formed :rs :1 

t.ripk gate cons1.runion in order th:rt: :in OFF-current: m:1y he prdL:rahly reduced. 

Next:, while a mask is formed so as ro cover such a region 1h:H :rn IH:lwnm:l rypc ·rFT' 
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is frirmcd by w;1y of a 1.hird photo I ithogr:Jphy step, a third doping prons; opn:irion is c11-ricd 

out.. In rhis rhird do11ing process op<~r:llion, an i1npurity clement: (boron) cap:dilc o(applying 

" " · . · I I I l . I r· " " · · · (I I 
::1 p t.ypt~ 1.s a( c ec t:o t: 1t~ scn\1conc uct:or so ::is t:o orn1 a p t.ypc 1rnpurit:y regt()l1 1ig 1 

conccn1rntion). 

5 Subsequcnt:ly, afrcr the impurity ckmcnt:s added to the respective semicomluctor 

layers arc activ:ned, a plating process operation (clcctrolyt:ic plating method) is carried ou1 

so as to form a metal film. on ;1 smfacc of' a source wiring line of a pixel. portion :ind also a 

metal film on a surfoce of ;m electrode of a terminal portion. A plating method correspond.1 

tO Such a rnethod by which a J)(: ClllTC!ll: is supplied through a W:Hcr soJ.ution C<HH:>ining 

10 metal. ions which will he forn1':d by the plating method, and rhus, a 1.nct<1l film is f(1n1icd un 

a cnhode surface. A.s ;1 111en1l t:o be plated, any materials having rcsist:rnce values low<:r 

than t:hc resistance v;iluc of the :1bov<>dcscribcd g:11:c electrode may be employed, fr1r 

instance, copper, :;ilvcr, gold, chromium, iron, nickel, pl:itinum, or alloys uf' these 111''1.al 

mcitcrials. Since an clcct:ric resistance value of copper is very low, this copper is :111 optimum 

15 metal n1atcrial :is a mcral film used to cover 1.he surface of' 1hc source wiring line of' the 

present invention. As previously clescribed, since the source wiring line of the pixel poninn 

is covered by such a metal matcri<il having a low resistance v:iluc, even wlwn the area of 

rhis pixel portion i0 increased, the pixel portion um be driven in sufficiently high sric<'<.ls. 

Also, :i filrn thickness of a metal film which is frH:mcd by performing :.t plating method 

20 may Ix: properly set: by controlling both cunnit: dcw;ity <md time by <nl opcrntor. 

In rhe present invent.ion, sue It a nwt.al film fomwd on a surfoce is al.so rckrrcd to as 

a ::J(H1rcc wiri11g l.irlc. 

Subsup1ent:ly, rhe fonn;nion of' an interlayer insub1.ing film i0 carried out, and also the 

fon11<1 l:ion of a 1ransparcn t: conductive film is carried out. Next, the transpan:nr cond uctivc 

25 Cilm is patterned by way of a friunh phorolidiogrnphy step so as to fr1nn a pixel electrode. 

Next, :i rnnuict hole is kmncd by Wi!Y of' a fifth phornlit:hognphy step. In rhis else\ a 

contact hole which is reached ro dw irn.p1.11.·ity region, another co1H;1c1· hole which io reached 
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to the gat.c dcctrodc, and arn.ithcr conract. hole which is rco1dwd to rhc source wiring line 

arc formed. 

Ncxr, 0.1 conductive Cilrn is IlLH.k ofa metal rnarcrio.d li;1vi11i.~ a low rcsist<tncc voil11e. /\n 

eleclr(">dc- which connects the gate \.viring I.inc, t:hc source \viring line~ ancl th.c in1purlty 

.5 region t:o c:ich other, omd another clcurodc which connects the pixel clcct:rodc and die 

impurity region to each other ;1rc formed by way of a sixth photolithogrnphy s1·cp. In the 

present invcnti.on, the g;Hc wiring I.inc is clect:rically connected vi;i the contact: hole f(wmcd 

in the interhycr insulating film t:o either the first: g:nc clcctrndc or the second gate 

clccrrode. Also, the source ckct:rodc is elcct:riuilly conncncd vi.a the emu act hole f(1rnwd 

lO in the int.crbyn inwlaling fllm t.o the impurity region (source region). Abo, ;rn electrode 

which is connected t:o a pixel electrode is electrically conncn.ed viol the c1>nr;ict hole formed 

in rhc interlayer insulating film ro the impurity region (drain region). 

As pn•vio11sly explained, 1.hc clement substrate provided wi.th the pixel ponion ;,md d"' 

drive circuit. com he ni;1nufocturcd hy executing the photoli t:hography steps six ti rncs in roral, 

15 narndy by employing six "'"·"·'h of 1n;isks. ·rhc pixel port.ion contains the pixel 'TFI' (n~ 

channd TFT'), whereas the drive circuit conwins the CMOS circuit. It. should also be 

noted rhat this embodiment represents such an example of f(mning t:he r-ro.msn1ission t:ypc 

display device. Altcrn;nivcly, while such a marerial having a high rdkcr-ivc ch;ir:ictcristic 

is employed as a pixel clect:rode, a reflection type display device r.nay he manufoct:urcd. In 

20 r.he rnsc th<H a rcilccrion l.YJK display device is formed, since bor.h a reflection elccrrodc and 

a gate wiring lirn; ni;1y be formed at: the same time, an clement subst:r;itoc may be formed by 

employing 5 sheets of masks. 

Also, in this cmbodim.cnr., when the gate electrode is frmncd, hmh die so1m:c wiring 

line of the pixel ponion and dw (+ctrodc of the t:cnni.nal portion arc manufactured at. the 

25 same 1.ime. /\ltcrnat:ivcly, 1.hesc gate dect:rodc, orJ111-cc wiring line of dw pixel ponion ;ind 

electrode o( 1.he terminal portion may be separately numufocrnrcd. For iw;rnncc, afrcr rhc 

impurity clement: has been added to the rcspecrivc scrnicond IJC!or byns, the ins1ilon.ing film 
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cari<1blc of prot.ccring rhe gate elect.rode m:1y be formed, rhe impurity dcmcnls <idded 10 the 

respective semiconih1cror layers rn:1y be :1nivated, and furthermore, bot:h die source wiring 

line of rhc pixel ponion :.md the elcc1n><.lc of'ihc terminal portion may be rn:mufonurcd on 

this in:;ulating Cilrn :n the same 1irnc by exccuring a plwwlirhography step, while dwse 

5 source wiring line and the electrode of rhc rcrminal ponion :ire made o( such a mu:d 

mntcrial (rnat:crial m;iinly conrnins typiuil mcwl marcri:1l suclJ as aluminum, silwr, and 

copper) h:wing n I.ow rcsisi:1ncc val.uc. 'fhcn, rhc source wiring line of the pixel portion and 

the elect.rode of rhc 1.crmin:1l ponion, which have been rnanu(acum"J in rhc ;Jhovc­

dcscrihcd manner, are processed by a plating 1.1rocess oper:Hion. Also, i.11 order to reduce a 

I() roral number of' masks, 1 he so111-cc wiring I.inc of 1.hc pixel punion m:1y bv kirmcd by way o( 

a prin.t.:in.g n1et:hod. 

!Embodiment nHitk Z] 

First, aft.er an untkrbycr insulating film has been manu(acrurcd on a suln.r:11c, a 

semiconductor Liyer h.aving a dc.1ir:1blc shape is. m:11rnfricrured by way of a first 

l 5 phot.olithography srcp. 

Nt•xr, an insulating film (connining gate ins11l:iting film) whicl1 covers the 

semiconductor layer is formed. Floth :1 Cirsr conductive layer :md :1 second conductive l:iyn 

arc frmncd on the insularing fllm in a srncked l:1yer manm•r. 'fhcsc sr:ickcd bycr films :m.' 

proccs:;cd by way of''' scnmd photolithography step by performing a f'irsr etching prnccss 

20 operation, so th.at: a gate electrode made of both a first conductive layer and a second 

conductive layer, a .10111Tc wiring line of a pixel portion, and an ckcuodc of a tcnninal 

portion:.\!\: fr>rmcd. lt should he norcd rhat: in accordance with the prcsem invention, afrcr 

the gate clcct:rodc has been first:ly formed, a garc wiring I.inc is manufactured on an 

intcrl:iycr insulating (ilm. 

2 5 Next, while a resist m:.1sk which has lx:n1 m:mul:1ct:urcd in the :;ccond 

photolithography st:ep is kepi under present condition, an i1npurity clc:nicnl (phosphorus 
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etc) capable of applying an "n" type is added to the scmicunduuor, :md 1.hen, an "n" type 

impurity region (hii'.~h conccrur:11ion) is formed in :1 :;c;Jf,;ilig111nern m:mnn. 

Next, while a rc0ist nwsk which h;1s been nwmtf:ic1.urcd hy way of the second 

pho1.oli1.hography srcp is kept under present condition, a scu_HH.1 c1.ching pnlu'ss opcrarion 

5 is carried O<H by ch;-inging :m etching condition, rn rhat bmh a (irs1. conductive bycr (fir0t 

width) having a t:.1pcr ponion, and :ibo ;1 second conducrivc layer (second width) a1.·c 

manuf:-1crurcd. It should be noted thar the (irst width is rmidc wider than the second width, 

and such an electrode constinn.ed by the firot: conductor layer :.md 1.he second cunrlunor 

l;iycr m;1y cunsl'it:ur:c :1 1>,<Hc clcc1:rode ((irsr g;nc clcct:rodc) o( an n"ch:rnnd type ··rr·r. 
10 Subscqucnrly, afrr:r the resist. i\\ask has been rcn1ovcd, while ti"' :ib<wc,dcscnhcd 

second conductive layer is employed as a mask, the impurity cknicnt capable-of :1pplying 

the "n" t:ype is added through rhc wpcr portion of the f'irst: \:rHl<h1ctivc lnyer irn.o the 

semiconductor layer. In this case, while a channd forming region is kirmcd below the 

second conductive layer, an impurity region (low conccnt:r;.nion) is !(inned hclow t:he ffrsr 

15 conduct.ive layer in such a ni;1111ier that impurity conccnr:nuion i:; gradually incrc;Jsed, while 

this impurity region is separated from the ch;urncl frJrming region. 

··rlicrcaftcr, rhc raper portion is sclcctivdy removed in order to reduce an OFF"currcn1 

of a TFr (thin-film t:ransisror) formed in die pixel portion. Only the 1::.1pcr pon:i.cm of the 

g;-ne electrode of the pixel portion nrny he removed by performing a dry etching prm:css 

20 operation under such :1 condition that a mask is overlapped thereon, as indicar.cd in Fig. 16. 

In pan:icuL1r, the taper ponion may not be selectively removed. As indic;Hed ire Figs. I I A, 

111\ when r:hr; taper portion is not sclccriwly rcmowd, this taper ponion is f<-mncd as a 

triple gai:e construction in order rh;n ;m OFF,cuu:ent may be prd('r;1bly reduced. 

Subscquc;ntly, :lfrcr the impurity elcrncms ;1dded to the respective scmiconducror 

25 byers arc acrivat:cd, :1 pbting process operation (clcnrolyric pl;uing method) i.s carried out 

s<.) :.10 to f(Jru1 a 1net.:·:il fihn on n .surface o( a sciurcc \Virin.g line()( :·1 pixel portion ;ind :Jlso ;J 

metal film on a surface of an cku:rode o(;i 1.ermi.nal portion. ;\plating n1c:1:hml con·csponds 

24 



ro such a method by which a DC current i.1 supplied 1:hnJ1.1gh :1 1vmc1· 0<.ilurion crnH:tining 

nwt:.11 ions which w'ill be frrnncd hy t:hc plming method, rn.vJ t:l111s, :1 111e1.al fllm is formed'"' 

:i nHhodc surf:.1cc. As a mcr:.il rn ht• pbrcd, any m:nc,ri:ds h:wini.: 1-csist:rncc v:1!11c,.s lower 

rhan the rcsisrance value of t:hc abovc,<kscribcd gate ekcrrodc may be employed, for 

5 insrnnce, copper, silver, gold, chromi11n1, iron, nickel, pl:ninum, or ;illoys cl these mcral 

materials. Since :m clccn-it: rcsis1.ance value of copper is very low, this copper is an opt.imu1n 

mcud nHncrial as a metal. film used rn cov<:'r the smfacc o( 1he source wiring line nf rhc 

present: invention. As previously described, .1incc the source wiring line oftlw pixel pun.ion 

is covered by .111ch a rncr:il marerial having a low rcsist:mcc value, even when 1hc nrc:1 of 

lO this pixel portion is increased, the pixel portion can be driven in sumcicnily high speech. 

Also, n A.Im 1.hickness of :1 mci:al film which is formed hy performing a plating method 

may be properly set: by conu:olling both cuncnr density and tinie by :m opcrai:or. 

In the present: invention, such a mer-al film fonw:d on a surface is :dso rd(,,.-rcd to :1.> 

a so1H"C-C wiring line. 

15 Suhscqucndy, forming of an interlayer insulating fllm. is carried out, :md also f(.,1·ming 

of :1 transparent conductive film is cmricd out. Ncxr, rhe 1.r:msparcnt: conductive fi.11n is 

patterned by way o( a third photolithography step so as 10 form a pixd elcnrodc. Next, :1 

corn:ict hole is formed hy w:1y ofa frJunh phorolithography w:p. In rhis case, a co11t:i<::1 hole 

which is reached ro dw impurity region, anot:lwr contact hole which is reached ro 1.hc gate 

20 dcctrodc, and another cont.act. hole which is rc:1clwd to the course wiring line arc:: 

formed. 

Next, a conductive film is nrndc cla metal m.a1.crial having a low rcsist:rnc~ value. A.n 

elect.rode which connccrs 1:hc g;nc wiring line, t.hc source wiring line, ;rnd the impurity 

region to each other, ~ind :inothcr ekctrodc which conrl<'cr:-; the pixel clect:nl<k and the 

25 impuri.ty region 10 ew:h other :ire formed by w:iy of a fifth pho1.oli1hography s1.cp. In 1.hc 

present invcni:ion, rlw gate wirin11, line is dcc1Tically c.onnccrcd via the cmll;icr hole forn1cd 

in t.he interlayer insul:ll.ing (;Im tu either the first: g:it:c electrode or dw :;ccond g:Hc 
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ekc1.rrnk. Also, the somcc dcctJode is dectrically con1.1cncd via 1hc conrncr hole Cor111cd 

in 1he interlayer ins-iilating film 10 1hc i111purity region (source region). ;\Jso, :1n cknrudc 

which is connected t:O a pixel ckctrodc i.s clcnric;11ly connccrcd via 1hc co111:ic1 hole formcd 

in the intcrbycr insulmin11, fil111 10 the impurity region (<lr<1in region). 

5 As previously explained, the elc111cnt substrate provided with the pixel ponion and the 

drive circuit: can be man11f:ict111·cd by executing t:hc photolithograph.y St:<:v; five times in 

rnral, namely by employing five shcc1s o( masks. 'fhc pixel portion con1ains 1hc pixel 'Tl-''T 

(n-channcl 'T'FT), wl1crcas the drive circuit conu.iins such :.in EElv!OS circuit (1u:l1:1nnd 

'fFf) shown in Fig. 21!\. It should be understood diat this embodiment: represents such :ni 

lO ex:1mplc of forming the transm.issiun 1ype displ:iy device. /\lternntivl'iy, while such a 

nrntcri:il having a high rclkctivc characrcristic is c1nploycd :is :i pixel dcct:rodc, a rcfknion 

type display device may be rn:mufr1nurcd. In t:he case that a rdkui<m rypc display device 

is formed, since both :1 rdlcccion clcc1Todc and :1 g:11or: wiring line n1ay he frmncd at 1 he s:mw 

time, an clement subs1.rntc may be forrn.cd by employing 4 shcns of' m:1sb. 

1.5 Also, in such :1 CISC th:ll an [[lMCJS circuit :1s represented in Fig. zm is fr1bric:Hcd by 

combining :m cnhancemem type MOS circuit with a dcplc1.ion type MOS circuit, :.i m:d' 

is previmdy frirnwd before a conductive film is frmncd, :md ci.thcr such an clement 

(prefor:1bly, plrnsphon.ius is selected) belonging 10 1:hc ()ro11p XV of the periodic table or 

such an clement: (prckr:Iiily, boron is selected) belonging 1.0 1.hc 13-t:h eknwnt of the 

20 periodic t.:1ble may be sdcn.ivcly added to a scmiconducror which c<ms1it111:cs :1 ckmnd 

forming region. In this case, the clement subst:ratc niay be formed by using 6 shcc1.s of 

nush. 

Abo, in chis embodiment, when t:hc gate electrode is frirmcd, both dw source wiring 

l.i.nc of the pixd portion and the electrode of the terminal portion arc llHlllllf:KtUrL'd at the 

25 same time. /\ltcrn:11ivdy, these gate electrode, source wiring line of the pixd portion and 

cl.ccu·ock of 1:hc: rcrrnirnd pon.iun 1m1y be sep:1r:ndy man11f;ic111rcd. For insurncc, afrcr 1.hc 

iF1purit.:y ele1nern has been '·"·lded 1 o t.h.c respective sc1niconducu.n byers, the insu !:11 i ng (ilni 
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capable of protecting dH' )}HC electrode may IN forn1cd, the i1npurity dc1ncnts added m the 

respective scmiconrfunor hycrs m:iy be activ:ncd, and furthcrn1<.nc, lmth the source wiring 

line of the pixel portion and the electrode of rhc 1crmirL.il porrion nrny he rn:rnufacturcd on 

this insul:ning fil1n :H the same Unic by executing :1 plwtolithography step, while these 

5 oourcc wirinr.: line :ind the clcctnlde of the terminal ponion :.ll"C made of such :1 nwr:il 

rrn.ncri:.11 (material mainly cont:iins typicrl mct:al matcri:1l such as alurni1111m, silver, and 

copper) having :i low resi.st:rncc v:.•rlue. 'Then, the source wiring line of the pixel pun.ion :md 

the electrode of the terminal pon.ion, which have hccn rn:inufocturcd in l'hc ahovc­

<.lescribcd nrnnner, :rrc processed by a plating process operation. /\!so, in order to rcd11cc ,·1 

10 r.ot:il number ofnrn:;k.1, dw source wiring line of'rhc pixd pllrtiun may he kmnu.l l1y w:iy ul· 

a printi.ng me1:hod. 

Also, whi.lc a JH:.h:mncl 'fFr is employed as the n-ch:mnd ·rr·r, all of the drive 

circuits may be rn:rnufiKtmed by PM<JS circuits m;rdc of the p-channcl type TTTs, and the 

'T'Ffs of the pixel ponion may be f(xmed by such rH:h:mnd type ·rFrs. 

15 IEmbodinwnt mode ll 

A description will now be made ofa transmission type semiconductor device in which 

dw present: i.nvcntion is expl<rincd below. 

First, a conducrivc fllm is frlrmcd on an entire surfrKc of :•1 subs1:r:11:e, :ind the 

conductive film is shaped by a dcsinibk s!H1pe by w;ry of a first photolit:ho1;n1phy :itep. 

20 Next:, :1 current which is suitable for :1 pl:11.ing pnxcss is supplied from a pbring-proccss 

electrode 4805 so as v> pl:rtc :1 n1cral film on a source wiring line. "fhis pbting-procc.1.1 

electrode 4805 i.1 connl~ctcd to this source wiring line. In t:his c1se, since the conducrivc 

film is formed to have "sh~lJW '"shown i.n Fig . .3.3, the rn.crnl Olm can he pl:11cd only the 

>r.n1rcc wiring line by mouming the electrode on rhc .1ubs1.r:11c. 

l'i 11 should be understood in r.his spccilk:Hion that an expression "nll'tal f"ilm" indicncs 

Cu, Ag, /\r., Cr, Fe, Ni, Pt:, or an ::dloy of these rnctal clement.\. 



Eacho( 1hc :ilxwc-dcscril.icd ni;.1rn1f:ict:uring nw1hods :ire k:1u.11.·cd by th:111.hc S<111rcc 

wiring lines of' 1.he -pixel portion ill"<.' connected 1.0 each rnhcr hy wiring lines i.n order m 

bccolllc rlw .1:1nic porcnti:ds in t:hc :ihuvc-rkscribcd plating st:cps. /\Is<>, rhc wiring lino 11scd 

10 cunncct the so11ret.'. wiring lint" Ml as 1.0 hcconw the sam.c porc:nti:.il 1n:1y hco c11t 0111 hy 

S using l:1.1cr light (CO_, - L1scr etc.) :ifrcr rhc pLuing J..miccss operation is c1rri.cd 01.11., or m:1y 

be cur out :11 the ><unc rime with respect: ro 1.he suhst.r:nc :1frcr the plating pn.lcess opcr:a.ion 

is performed. /\!so, :1 short:-circuir ring may he frirmcd by using these wiring paucrns. 

Ncxr, an insulating film is f(irrned on an entire .1mf:11:c. ;\ first :nnorphous 

.1cmicondunor f'il111, :ind a second amcnphous scmiconducmr Cil111 arc formed on t:hc 

10 insui:Hing film in :.i 0tackcd layer m:ll1ncr. 'fhc .\ccond :11norphous scmiconducu>r (i1111 

. l . . ( . I " " " " ) . . l comams one con,. un1.v11:y 1:ypc cu: icr n type or p t:ypc 1mp1mt:y c crncnr. /\n 

unnecessary portion of these s1::1ckcd layer fllm is erchcd so as to be removed by w;1y of a 

second photolit:hography st:cp, and rhcn, die source electrode, a gare elect.rode, and :.1 

holding (s1:or:1gc) (e<ipacit:or :1n' frmned, while having desirable shnpcs. 

J 5 Next:, after t:hc resist: mask of the second phot:olit:hography st:cp has been rcmovc~d. a 

portion of t:hc second :11norpl1ous semiconductor film containing rhc one conduc1.ivi1y type 

(either 1H:ypc or p-typc) impurity cl.cm cm is removed by way o( 1.hc third photolithography 

step. ·rhere:-iftcr, bot:h a sotIIT.(' region and :-1 drain region uf the gat:c elenrodc :ire 

frJrmcd. 

20 Sub.1cqucnt:ly, after the resist 1w1sk of t:hc third phrnolit!H>l_\n1phy step has been 

removed, ;1 first: interlayer ins11l:iting fllm is frmncd in such a manner 1ha1 t:ifr; fin;t in tcrl:iycr 

imularing film covers rhc source wiring I.inc, t:hc 'fFf of tlw pixel port.ion, 1.hc holding 

capacitor, ;1nd the tcnnin:-1! portion. 

Next, a second interlayer ins11l:ning film i.s formed on d1c ilrst inrcrbycr insulating 

25 Ci.l.1.n. The second interlayer inslll:iting Olm is nL1ck of' :111 org;rnic: insularing lll:Hcnal 

cons1-rucrcd of" acrylic resin. 'l"'lwn'<1frcr, ;1 resist 1n:1sk is limned by pcrkmning a k>1.111:h 

phrnolithography s1.cp, :.l:HJ then, a co1u:Kr hole is f<m11cd hy exec 1.11.ing :1 dry crching pn.>cn.1 
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step. In this c:.isc, a conrnct hole which is rc:ichcd w 1hc second :11rnlrphous scmiconducn'r 

film having one c6i1ducrivc type kithcr 1Hypc or P··typL') impurity <.·.k1nc1H oi' 1 lw :'<nc 

elcctrndc i.1 frmncd; another com:.icr hole which is reached w 1 lw wcond :11\"'"l'hous 

semiconductor (ilm C:<llHaining tllle conductive 1ypc {either tHypc or p·lypc) i111puri1y 

5 cl.cmcnt of the holding c:1paciror is formed; :.rnd also :rnodwr conr:ict hole which is rc:Khcd 

10 the somce wiring line is frmncd. A.1: the s:llnc time, an u1u1c'ccs.1:iry first imt'ri:iycr 

insu Lning film. and an 111Hwccssary second interlayer insulating fil rn of :1 1crn1 i.n:il ponion arc 

etched, so tlwt a rcrn1inal ponit)n is f(nnwd. 

Ncxt1 a second anlorphous scrniconducror f'ilrn (drain region) cont.aininf.! ()l'H:~ 

IO conductive type (cit.her n~typc or JHypc') impurity ckmcnL, :Hit.! :i tTanoparcnt. pixel 

electrode 11sed to clccu:iudly connect. rhc holding cap:iciror arc (nnncd by way of a Cifrh 

phorolichography 'rep. 

Subsequently, :1 metal. wiring line made of a 1.ncral rna1.cri;·d having a low rcsisrm1cc 

value is kmncd. !\ g;11:c ekctrock, an ckct:rodc, and a 1ncral wirinp line ekctrical!y 

l 5 connecrcd to rhc terminal ponion :ire formed by way of a six1.h pho1.olithography srcp. 'This 

electrode is used to connect 1.hc second a1norphous scmiconduc1.or film which co1.uains 1.hc 

one condunivity 1.ypc (cit:lwr n,rypc or JHypc) irnpurity element tu th.c source wiring line. 

In accordance with the Jll't.'st.'IH invention, 1.he ga1c wiring line is t.,Jcct.r1Gdly u1111wct.t.".! 

through the cont:::ict hok formed in 1hc ins11l:it:ing fil.m to either a Cirst g::.11.c ekctrodc or :i 

20 second gate d.cctrodc. Also, die source wiring line is clenrically conncct:cd t:hrough 1.hc 

COtll:<'JCt hole frmncd in the insubting film to both t:hc source wiring line :ind a second 

amorphous scmiconduct:or film (source n'gion) con mining une cundunivity type (either n.· 

type or JHype) iinpuri.ty cl.cmcn t. !\ bo, t:he pixel elect.rode is c b.:triudly u.m ncctcd rhrough 

the contact hole fonncd in 1.hc int:crbycr insulating film m rhc second amorplHJll.\ 

2 S scmicond uctnr filnt (drain region) con raining one cond uc 1.ivi 1.y 1.ypc ki 1 her rH.ypc or p.-typc) 

impurity clcmcnr. 

i\s prcviouoly described, 1.hc ~T;1110mi>.1ion type scni.iconduc1.or ,lispl:iy device c:m he 
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nrnnuf:inurcd by executing the phmoli1.hogr;iphy srcps six 1.inH" in I.Ota!. This 

scrnicornlue1or display <kvicc is constituted hy dw .o<.iurcc'. wiring line'. which is plated hy 1.hc 

n1cc1l f"iln.1, t:hc invcrsc-·sraggcr lVJ)C pixel [)()rl.i.cin, 1.hc hnldinJ~ c:;.1pacirnr, and thv tcr111inn! 

portion. 

5 IEmbodimcm mode 'f) 

A reflect.ion 1ypc s<,miconducror device in which the present invention is emhodic•d 

will now he explained. 

A reflect.ion type semiconductor device m:iy be m:rnufr1uured hy cxccuring rhc s;rn1c 

m:inufocturing srcps up ro the founh pho1.oli1hogr:1phy srcp used 10 rhc 1:r:insmission 1ypc 

10 semiconductor device o( 1.hc embodiment: mode .3. ~incc :1 fifrh photolit.lmgrnphy step is 

carried <">ut:, ;1 gate \Vi.rir1g liru·~, an electrode used ro connect :-1 S()t1rcc \viri.rig U.n.c ro :-'.I scC(HH.1 

:11norphous semiconductor film (source region), a pixel clcct:rodc, and :i me1;.1J wiring line 

:.HT m;mufacrnrcd. 'The "·'cond amorphous scmiu.mductor film contains one conduc1ivi1y 

type (cit.her 1Hypc or j:Hypc) impurity dcmcnr. 'fhc 1.ncrnl wiring line is electrically 

15 connected to a terminal portion. It: should also be noted that: as a n1a1.crial of rhis mct.:il 

wiring line, it i.s prdcrahlc 1:0 employ rnch a 1nct:al mmcrial h:IVing a high reflection 

charact:crisric so ;is to const.itt.ll.C the pixel dectrodc. 'fhar is, a 1ypic:1l m;ll:crial m:iinly 

containing cit.her Al or Ag is c>mploycd. 

ln the above~dcscribcd case, since the pixel electrode is formed by employing a similar 

20 clement to that: of die metal wiring line, 1.he pixel ckcm>ck m:1y he' formed :u rhe same rime 

while rhc fifth pho1.olid101;r;1phy step i.s carried ouL 

As previously described, the reflection type scrnicondun.or displ:iy device c:n1 he 

1nanufauurcd by executing the phoi:olithography steps Hvc rimes in u.iral. 'fhis 

semiconductor displ:iy device is const:it.ut.cd by t:hc source wiring line which. is plated hy rhc 

2 5 rnctal flln1, th<> inverse-stagger 1ypc pixel portion, rhc hulcling cq:i:Ki.rnr, :md the tcrnri.n:d 

portion. 
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The .1cmiconduct.or devices with cmploynwnt of the nhov<>cxplnirn"l srrucnu·cs will 

now be described ,;;ore in dc1:1il wi.th rcforcncc to the hclow-1ncntioncd cndJodimc.,nrs. 

I Emll<idimcnt l J 

In this cn1bodirncnt, a rnu.hod of si.mult:mcously rnanufoctl!ring a pixel poni'"' (n-

5 channel T'Ff) and· l"F'Ts (1H:hanncl ·rrr am.I p-channd ·rrr), which is providing a (Jv!()S 

circuit of '' drive circuit provided on the periphery of the pixel portion, on rlw s;imc 

substr:nc will be described with rckrcncc to Figs. IA to lO. 

In this cmbodirncnt, a s1d.is1.rmc I 00 is used, which is made o(lx..rium b<rnnilicat<' ,glass 

wch as //-7059 glass and !l 1 '137 glass 1mYluccd by Corning C\np. or alurninubon>silicarc 

10 gbss. As the substrate I 00, :my suhsnarc c;rn be used as long as it has IT:msp:'lrcncy. A 

quanz .1ubstrntc m:w be used. A pbsric substrate having hear resistance enduring a 

treatment: rcmperaturc of' this ctnhodimen1.· also 111ay be used. 

'fhen, an underlying fll1n IOI. composed of an in'1il<i1ing f'iJu1 such :.is a silicon ox.idc 

film, a silic(ll1 nitride film, or a silicun oxide nirrick Cilrn is kirn1cd on die substnuc 100. In 

15 t.his embodi.mcm, a two-layered strncturc is used :is die underlying film I 0 I. However, ''' 

single insulating film or ;i la1ninat:ion of' two or 1.norc insuh1.ing films using dw :1bovc 

inwlat:ing film may also be used. As a f'irs1. layer of the t111dcrlying film I 0 I, a silicon oxide 

nitride film. lOla is formed to a thickness of lO ro 200 nm (prd<..,rably, 50 10 100 nm) by 

phis ma CVD, using Sill., NH i' and N,O as reactive gas. In rhis cmhodirncnt:, a silivm oxide 

20 nitride fllm lOla (composition ratio: Si 0= 32'Xi, 0 ''' 27'Xi, N 00.0 21\%, and H "" l7'X,) 

having a thickness of 50 run is frmncd. 'Then, <lS <1 second layer of' t111dcrlying fil.111 101, a 

silicon oxide nitride film JO lb is f(>nned to :J thickness of' 50 10 200 nm (prcle.rably, JOO w 

I .50 nm) by plasma CV!), using SiJ! 4 and N/) as reactive g:is. In this c1nhodimcnt, a silicon 

()Xi(k nitride fllm (co1nposi1ion rat:io: Si ,,, 32%, 0 o·.,c 59'Xi, N 

2.5 a 1.hicknc:;s o( 100 nm i.o frmncd. 

'flicn, semiconductor layer.\ 102 to 10'; arc f(,1-1rwd on rhc umlcrlying Cilm. Till.: 
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semiconductor layers !02 to I0.5 :ire f'ormcd by (onning :1 scmico11d11ctor (ilrn h:win;~ :\!1 

an10rpho11s .1rrucn1;:c hy a known nwthod (sputtering, Ll'CVIJ, phs111:1 C:VU, m dw Iii"·). 

conducting a known ('rysr<>lli:::nion precessing (laser crystalliz:1tion, thcrm:il cryst:tlk:Hi<>tl, 

or thcnnal cryst:dliz:n.ion using a c:.Halyst such as nickel) to uhtain a c1ys1:tllinc 

5 semiconductor fllm, :md pancrning the fllrn into a desired shape. 'The, "''miconductor layers 

102 ui !05 :ire frnmcd to ;1 thickness of25 to 80 nm (prcCerably, JO to 6011111). 'fhcn' is 110 

part.icular limit rcg:nding t.hc m:Jt:eri:il fiH the c1ysrallinc :;cmiconducmr Ci.fin. l··!mvcvc:r, it 

is preferable to f(mn silicon or a silicon gcnn:mium alloy. ln this cmbodimcnr, an 

:nnorpl101.1.s silicon film of 5'i nm is kmncd by plas1n:1 C:VI), and 1.hcrca(1cr, :1 solu1io11 

10 con1:1i11ing nickel is held on dw :1111orphous silicon film. 'Ilic :nnurphous silicon (i1111 is 

dehydrogcnat:cd (:n 500"C, for one hour), and rhen subjcct.cd to rhcrm:d cryst;1lliz:Hion (;11: 

550"(;, tor 4 !lours). Funhcnnorc, laser annealing is conducted frn· rhc purpose ,,r 

improving crystalliz:ll:ion, whereby a crystalline silicon frln1 is kmncd. 'fhc cry:;t:illinc silicon 

film is subjected i:o panerning by photolithogr:iphy to form the scmi.cnnduci:or layers l.02 

15 t:o 105. 

Fun:hcrmorc, in the case of 1nanuf:Kruring a crysrnllinc scmiconducrnr film hy laser 

cry:swlliz;ition, a pulsc-oscill:nion type or continuous light cmissi.on type cxcirncr laser, a 

YAU laser :rnd a YV0.1 laser c:m be used. Wlwn using t:hcsc l:tscrs, bscr light: cmincd Crum 

a laser oscillator m;iy be condensed into a line shape by mi opt:ical system and allowed 10 

20 rndiatc to a semiconductor fi.lm. Crystallization conditions arc appropriately sclcncd by t:he 

opennor. However, when 11.sing ;111 cx.cimcr laser, a pulse oscill;nion frequency i.s set t:o he 

JO Hz, :md a laser energy density is set ro be 100 to 400 mJ/cm.l (typk:ally 200 ro 300 

mJ/cni'). In the case of using a pulse oscillation YAU laser, the second hannonic thereof 

may lw used, a pulse oscillar.ion frequency may be S\'t: to be I to IO kHz, and a bscr energy 

25 density rnay he set 10 be 300 to 600 tnJ/cm' (t:ypically, 150 to 500 111.J/cm'). L:i.scr li;.~!11 

co1H.lcnscd in a line shape with :1 width of JOO to !000111n (e.g., +001.rn1) m:iv he u1di:ncd 

over the entire surfrtcc cl:.i Htbstr:Hc, and a linc~sl.;1pcd l;1scr light: ovcrl:1p r;Hio :1r rhio tinw 

32 



may be sc 1. t/> he 80 ro 9/l'Y.,. 

·n.icn, a gate i1;s1Jbti11g fil1n l06 is formed orl as to cover the srnticonductor byers l.02 

ro I 05. Tlw g:Hc insu l.:11.in1-: f'ilin I O(i is formed of an i 1v;u l:n1 ng n Im containing silicon "-' :ts 

to h<1vc a t:hickncso of"40 to 1 'iO nm by pl:ism:1 CVD or SJ.llilt<:ring. In this cmhodimcn1, a 

5 silicon oxide nirridc film (composition r:1t.io: Si "" 32%, 0 ' 59'X» N ••• ?'Xi. arn.11 l '" 2%) 

is frirmed t/> :1 rhickncss o( l 15 nm by plasnrn CVD. Needless rn say, the gate insulat:in;.: film 

is nor l.irnitcd 1.0 a silicon oxide nitride film, :.md 1n:iy h:wc a single layer or rnnlti-l:.1vt.:rcd 

structure of insulating Ulms cornaining :mother .silicon. 

·rhen, :is shown in Fig. lA, a first conductive film I 07a (rhickncss: 20 ro l.00 nm) :rnd 

10 a second conductive film I 07h (t hicknc%: I 00 t:o 400 nil\) :II'l' l:11ni.n:ncd rn1 t:hc g:Hc 

ins11bring fil.1.n I.06. ln this embodiment., the fl.rst. conductive (il1n 107a nrndc o( n ·raN film 

having a t:hickne.1.> of30 nm and dw .1ccond conductive filn1 I 07b 1n:1\k of ~1 W film h:iving 

a thickness oLl 70 nm are l:Hnin:Hed thereon. ·rhc ·raN (ilrn is l(lrntcd hy spuu:cring using 

'T':·1 as a target in ;1n atn1ospl.1.cre cor'l.t:aining rdt:r<)gcn. ··rhc \XI fd1n is {(.)rrncd by sputtering 

l.5 using W as a target.. The W film can also he formed by 1hcrn1al ('.VD using tung01-,_,n 

hcx:tfluoridc (WF1.J. In any case, it is required co lower a resistance in order ro ""' the W 

fllm as :1 ;pt:c electrode, and it. is dcsirabl.c that a rcsirnmcc r:nio of the W film is 20 p.llcrn 

or less. 'fhe rcsi:;r:rncc ratio of the W fi Im c:rn be lowered by t•nl:trgi ng crysr:ll grains 1hcrcof. 

However, in the case where there :ire ~1 n1m1ber of impurity dc1ncn1.s such. as oxygen in rhc 

20 W flhn, crystallization is inhibited, and the resistance of the W film i:; incrc:iscd. ·rricrd(ire, 

in this embodiment, the W film i:; forincd by sputtering using high,1mri1.y W (purity: 

99.9999% or 99.99%) as :1 wrgct: 00 that: 110 impurity rnay be :-dlowcd to enter in the W filrn 

from :1 v:ipo1.· phase during the fd1n f-i.irm;Hion, whereby :1 rcsist:\Il<T ratio o(91.0201.1.Llcrn 

can be achieved. 

2.5 In chis cmbodi.1.m:nt., rhc first condun:ivc film 107:1 is 111:1tk of 'l"aN, and the second 

conductive fllm lO"/b is ni:1dc of\X!. I lowcvcr, rhc present. invt_•nlion is nut lirnin:d thereto. 

l.lot:h dw film:; may be knrncd of :m dcn1cn1 .selcncd li·ont 'f:t, \Y/, 'fi, Mo, /\[, C:u, Cr, :.llH.l 
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NcC or a11 all<)y n1;1t:crial coru:ni.ning !.he ele1nent ;l~ it;.; 1ru1in con1pnrH~nt ur ;J C()n1pn11nd 

1ll;'11:cri:il. A 1cmiconduct:or nttn such :ts a polycry.1cilline 1iliccm film doped with :m impurity 

el.cm.ent such as plwsphon1> may also be used. Funhc1·rnorc, the J(ill"'vin;( comhin:niun 

may be used: t:he Cirst condunivc filin n1adc of a rnmalurn (Ta) i"ilrn and the second 

5 conductive film 1nadc ofa W (ilm; the i"irst conductive film ni;Jck ofa tirnniu111 nitride ('fiN) 

film and the second conductive film made of a W film; the !'irst conduo.ive film 1n:.1dc of a 

tamalum nitride CL1N) film :111d the second conductive film made elf an Al (ilm; the first. 

conductive fllm made of tam:.tlum nitride CfaN) film and tlw .1ccond cmH.llJ(:tivc film 111ade 

of a Cu film. 

10 'I'hen, 1.nasks I.Olla t:o 11 Za made of a resist :ire frmncd hy plHitolitliugr:tphy, :md i'irsr 

ci:ching processing for forming electrodes and wiring is conducted. Tlic first: etching 

processing is C<lnd11ncd a::> first ;md second etching conditions. In thi.s cm.bodimnH, under 

the first: ct:ching condition, crching is ccmduned by ;Hi indm:rivcly coupled pl:tsma (!CF') 

ctdiing 1ncthod, in which plasma is genera red by using CF . ., CL, and C.\ as ct.ching gas (flow 

15 rate: 25/25/10 (seem)) with :m RF power ( 13.56 MHZ) of 500 W supplied 10 :t coil-shaped 

clcci:rodc at a pressure o( l Pa. As t:hc etching gas, chlorine type gas such as CJ,, B(J,, Si(J.,, 

;md C(J4 or fluorine gas such :is CF,, SF,,, and NF . ., or 0 1 can be appropri;nely used. Herein, 

a dry etching apparatus (Model E6'45- lCl') using !Cl' produced hy Matsushita cb.·.1ric 

Industrial Co., Ltd. is used. An RF power (13.56 MIIZ) of 150 Wis also appli_ed to the 

20 subnrate side (sample srnge), whereby a suhst:anrially negative sel(,iiias volrngc is applied 

t:hcrct:o. lJndcr the f'irst etching condition, 1:h(~ W film is erc;lwd :.md end Jl<H"Lions of' the Cirst 

conductive layer arc tapered. Under the first: etching condition, an etching rate with respect: 

t:o W is 200.39 nm/mi.n., <m etching r<Hc with respect to 'f;iN is ilOJ 2 nm/min., and a 

selection rario ofW with respect to ·raN is :1bo111: 2.5. FunlwrnHn·c, urnkr rhe Cirst: etching 

25 condir:ion, a taper angle of W becomes about 26''. 

'll1.crcaCt.er, without: rcmuvinf( the 111:1sks I Oil:1 to I I 2:1 lll:.ltk cl a resis1, etching is 

conducted frir :.ibout JO seconds u1.1tkr d1e second etching un"lirion, in which pl:!Sllla is 
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generated hy using cr1 :.md Ct, as etching g:is (flow r:.11.c r:11io: 30/lO (seem)) wi1h an RF 

power ( 1.L56 MHZ) of' 500 W supplied ro a coil~slrnpcd electrode :n :1 pressure uf I P:i. 1\n 

RF power (I :l.56 MH7) of20 Wis also applied ro 1hc suh.11r:11c side (.s:llllplc 0r:1gc), wlwrcchy 

n sub.1r:rnti:Jlly ncg;itivc sclf.·hhs voltage is applied rhcrcro. Unc.kr rhc., second etching 

5 condition using a mixrure cl CT,1 :·lr\d Cl1 as etching gas, the W Cillll and die 'f;iN him :ire 

erched to the same degree. Under rhc second etching condition, an etching unc wirh 

1-csJX'ct ro Wis 58.97 nm/min., ;nJd :111 etching rat:c with respect to T:1N is 66.'U nm/m.in. 

In order to conduct. etching wit.hour leaving any rcsidu:il on 1he gate insulating fil111, an 

etching time inay be increased by <ibout IO ro 20%. 

10 According to rhe first: etching processing, by appropri:ircly prescribing ilw shape of :.1 

resist mask, rhc end ponions o( rhc Cirsr conductive layer :rnd rhc second conduct:iw l:1ycr 

arc tapered due t:o the effect of a bias voltage applied to the suhstrntc side. · 1 ·1w :in,<; le or rhc 

taper portion may be 15 to 45". 

'flrns, cond11nive l;1ycrs l l 3 ro l l 7 {f'irsr conductivl~ l;1ycr.1 l lJ:1 10 l l 7a and second 

15 conductive layers l Ub t:o l l 7b) of a first shnpe co1nposcd of (irsr conductive l;iycrs :n1d 

second conductive layers :ire formed by rhe firsr nching processing (l'ig. I B). 'fhe width or 

rhe flrsi: conduci:ive layer in rhc channel length dircnion corrcspomb to the first: width 

shown in above Embodimcm modes. Although lH)t: shown, regions of the' insulating film 

106 to be a gate insulating film, not: covered with t.hc conductive l:1ycr.1 I I J 1n l 17 ol· :i fir.11 

20 shape, arc etched by about. lO 1.0 20 nm t:o be t:hin. 

Without removing t:he resist: 1nasks, dw first doping processing is conducted, whereby 

an impurity elemem; providing an IH:ypc is added to the scmicondunor layers (Fig. J.(:). 

The doping processing may be conducted by ion doping or ion impl:111t::11.ion. Ion doping is 

conducted under the conditions of :1 dus'' amount of l x 101.' ro 5 x 10"/cm' :rnd an 

25 :ICcckr:Hion volr:1ge uf'60 10 100 kcV. In this c111bodimcn1, doping is co1.Jducred :n a < .. lose 

anHn1n1. of l.5 x 10 15/cin:' and :Hl nccclcration voltage 0(8() kcV. /\s dw impurity clcnwn1 

providing :.111 n-1yp<:', :111 demenr belonging ro Uroup XV, 1ypically, plmsphorn« (P) or 
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:ir:;enic (As) is 11scd. I·krcin, p!Hi.1phurus (P) is u:;ed. In this cisc, tl1,~ u11H.l11nivc l<iycrs l 1 l 

10 116 (unction :1:; masks with respect tot.he impuriry element providi.ng ·.1n n--1ypc, whereby 

high-concen1-r:11ion irnpmity regions 118 ro l 2 l are f(H-im·d in cl sclf.-:ilign1nc1n nwnner. /\n 

irnpuri1.y clement i1npaning :ln n"rypc is added 1.0 doc higl1"c1mccn1r:11.ion impurity 1.cgions 

5 I lS to 121 in a concentration o( l x I020 ro 1 x J.O''/rn/ 

"rlwn, withou1. removing the resist. masks, second etching prou•ssing is conduc1.cd. 

Herein, c1d1ing i.s conduCl<'d for 25 sc.conds by using SI',,. Cl,, and (l_, as e1cl1ing g<is (flow 

r:.ne ratio: 24/12/2 1! (seem)) wilh :m RF power (U.56 Mll7) of 700 W supplied rn :1 

coiJ,shapcd elect.rode :11: :1 pressure of l J P:1 1:0 rhcreby generate phsm:.1. /\n RF 1mwcr 

10 (1.3.56 MHZ) of lO Wis :il.10 applied 1.0 1.hc sub.1tr:11.c sick (s:unpk stage), wlwrcby a 

· substamially negative self-bias vol1::1ge is applied thereto. ln rhc second etching processing, 

:m etching rare with rcspcc1. 1.0 Wis 227.3 nn1/n1in., an ct.ching r:11e wii-J, respect: t:o ·raN i.s 

.'32. I nm/min., and :l selection rat:io of\'(/ wirh rcspccr ro ·raN is 7. l. /\n ci:ching r:Hc with 

,respect 1:0 Si(lN 1.ha1: is rhc in.11il:ning film. J.O(j is .l"l.'/ nm/rnin. In rhc case of using SF6 as 

15 .t.he etching w1:;, :1 selection ratio with respect to the insulat:ing film 106 is high, so 1:ha1: :1 

decrease in a film thickness cu1 be suppressed. 

'fhc t:aper :mgk of 1.h.e second cond\lniw layer (W) becomes 70" in rhc second 

ctchin~.{ proccssir1g. f;urther1norc 1 in. the scconcl cn.:hinr~ pn)ccssing, sccor1d C()ncluc1.ivc 

byers l 22h 1:ri I 26b arc formed. On t:hc ot:her h.and, the Cirst. condunivc i:iyers :u-c hardly 

20 crched to frirm first conductive layers I 22:i t:O l26a. In addition, t.hc masks from rcsi:;1 I 08a 

lo l 12:01 arc changed in; shape into masks from resis1: 108b 1:0 I I 2b by t.hc second nching 

processing (Fig. ID). Al.though not: shown, actually, t:he wid 1.h of 1.hc f'irsr conductive i:iycr.1 

is narrowed by :1bo11t O. l.5 /.llll (i.e., abo111. OJ /Lill over rhe t:ot.:.d line width) compared wi1.h 

the stat:e bcfr,re rlw second etching processing. Furthermore, rhc widt:h of rhc "'"'md 

25 conductive layer in the ch:1nnd kngt:h dirccti.on corresponds 1:0 1.hc second widrh shown 

i.n En1budinwnt: modes. 

·r1"' ckcu:odc f(mncd hy the first conductive layer I 22c1 and rhc second cunducnvc 
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layer l 22h become:; the n--ch:rnrwl ·rrr type gate elcct:rodt' of the ()v!()S circuit f(irnwd in 

the following stcps.-Thc electrode f<mncd by dw first cond11ct.ivc l:1vcr 17.5:1 :ind the second 

conductive byer 12.Sb bccclmcs an electrode of the holding c-ip:H:itor f(,rnwd in the 

following steps. 

5 It is :-ii.lo possible to 11sc CF.,. Cl,, :rnd 0 2 as the nching gas in dw second uching 

processing. In this case, etching may he conducted by gcncr:iti.ng plasma under a flow rntc 

ratio of 25/25/10 (seem) with :rn RF power (I .l.56 MI-!Z) o('iOO W supplied to :1 coil-.1h:ipcd 

electrode at :1 prc.1wrc of l P:L A.n FJ' power ( 13.56 MIIZ) o( 20 Wis also applied 10 the 

subst:r:He :;ilk (sample stage), whereby :1 >i.ibstamially nq1,:nivc self bias volrn.1.:<' is applied 

HJ thereto. In the C<lSC of using c:r:." Cl,,, ;md o,' :u1 etching rnt.c with respect t:o w is I H.62 

nin/mi.n., an etching r:nc with respect: t:o TaN is 20.67 nm/min., :md a sl'icct:ion ratio o(\V 

wirh respect t:o ·raN is 6.05. 'T'lrns, the W film is sckctivdy etched. Funhcrmorc, in this 

case, the regions of the insulating film 106, not covered with the conductive layers 122 to 

I 26 of n llrst: sh:ipc, arc etched by about 50 nm t:O be thin. 

15 ··n.1cn, :1ftcr removing the resist masks, second doping processing is conducrcd to 

obi-:1in a stat:c shown in Fig. 2A.. Doping is conduct:cd using thr' second conduct:ivc l:1yns 

l 22b 1.0 I 25b as masks with respect rn an impurity ckrncnt: so 1.h:-11. t:hc in1p1irity clement i.s 

added to t:lw .semiconductor l:1ycrs hdow 1hc taper portions of t:hc first: C(ll1(luct:ivc byers. 

In t:hi~ embodiment, phosphorus (P) is used as i:hc impurity clement., :ind pl:-:rsm:1 doping is 

20 conducted under t:he doping conditions of a dose amount: of l .5 x l O'''!cm', :.m accdcrntion 

voltage of 90 kcV, an ion current density of 0.5 11A/cm', phosphine (PI!,) 5% hydrogen 

dilute gas, and :.i llow rate of JO seem. 'fhus, low-conccnt:r:nion impurity regions .127 t.o !Vi 

arc frmncd so :1s to be overlapped wit.h i-he first conductive l:iyers in a sclralignmcnr 

manner. 'J'hc concentration of phosphorns (P) added to t:hc l.ow-conccnt:r:Jl.ion impurity 

25 regions 127 t:o J3(i is I. x· l.0 1"/ to l x I 0 19/cm', and the low-umcentT:ition impurity regions 

127 t:o 136 have a conccntr:irion gradient in :l((:or<bncc wi.rh t:hc t:hickncss of the rnper 

portions of die first: conductive layers. In the ""niconduuor l:tycr overbppcd wirh rhc 1apcr 
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port.ion of rhe flrsr conductive layer, an impurity conccnrrn rion (P uinccnrr:irion) decreases 

grndu:illy frnn1 the t•nd o( the r:1pcr ponion of rhc Orsr CotH.l11crivc layer inw:1rdly. More 

spcci(icn!!yt in t:hc second doping processing, a <.:onccnr:r;1rilH·1 l.listTih11ti~)n 1.'i ((ir1ncd. 

h.11.Thcrmmc, an irnpuriry clcnictH is :ibo ;idded 1.0 1.hc high·-n111cc111r:·tl ion impurity rq.:i<>1is 

S 118 to 121 10 frnm high-conccnt:ration in1pmiry regions 137 rn 145. 

In this cmbodinwnt, the width (in the channel length direction) of rhc rnper ponion 

is prcfr:r:1bly ar lcasr 0. 5 /LIH or rnon' up ro a range of' I j 1nn to 2 /i-111- 'Therefore, aldrnugh 

influenced by a rhickncss, the widrh in rhc channel length direction o( rhc 

l.t)\v~conccntrati<.)1.1. inlpurii.y rcgi.nn. h.aving a con.ccnt:ra[i(Hl f...:r~·H.lie111· is nur hcynnd ;·1 r;lngv 

10 o( 1.5 /.lln to 2 vni, cii:licr. Herein, :'lit.hough t.he higlH:u1icc1Hr:nion i1111i11ri1y regions ,H1cl 

t:he low-·conccni:r:nion impurity regions are shown separately. /\nu:lily, there is no clc:u 

bonier thercbe1wccn :ind regions having a concernrai:ion gradient. arc frJI'Incd. Similarly, 

there is no dear border between t:hc cl1:mnd forming regions and rlw low-conccn1r:11ion 

in1.purity regi()ns. 

1.5 'T'hcn, rhc rcgitm other _1.han 1hc pixel portion 9'f arc covered by t:hc m.ask 1'f(j and 

third etching processing is umd11cted. ·rhc mernl pl:nc, the glass platl\ the ccr:11nic plarc 

and dw ceramic glass pl:.irc can be used t:o the mask 146. 'The upper view of the mask l 46 

is shown in Fig. 16. f n the third etching processing, raper ponion.s of the first: conductive 

layers which arc nor ovcrLipped wirh the m;isk 146 arc sclcnivcly conducted dry etching 

20 to dimin:nc regions ovcrl:ippcd with impurity rcgion8 of t:hc semiconductor l:iycrs. The 

third etching processing is c011ducrcd by using an ICP nchini( :ipp:ir;irus, using, as nching 

gas, Cl 3 having a high sclccrion ratio with respect to W. Jn 1.his embodiment, ccching is 

conduci:ed for 30 seconds hy genera Ung plasma, using Cl 3 with :i flow r:Hc ratio of"80 (seem), 

with ;in RF power (U.56 Ml!Z) of'3'50 W supplied to a coil-shaped clccrrodc :11. a pr<'>smc 

7,5 of 1.21'<1. An RF power (l.l.'i6Mll/_) of SO Wis al.so supplied ro rhcsuhstrateside (sample 

sr:·1gc), whereby :.1 s11b.1w1uially ncr~ativc .self.bi:is voltage is ,·1pplicd rhncro. In div third 

etching, Ursr conductive byers I 21k and 126c arc f()rnicd (Fig. 2ll). 



An example o(conduct:ing a third etching process is shown in thi:; cn1hmlirnun. 'T'lw 

third etching process is not: u.nH.h1ctcd if there is no need t.u conduc1. 

Ne xr, t:hc ser.nicond ucror l:iycr:; ru he active layers of n-dl<llHW I 'T'Ffs :m: covered with 

resist: m:d<s 147 formed hy third photolit.hography. Under this condi1i.on, third clop1n~ 

5 processing is conducted. In the third doping pt:\JCcssing, p-1.ypc irnpmity region:; 14«3 ro 150 

(high-conccn1.r:11ion impurity regions and low-·conccntral.ion impurity rcgi<ms) arc fim1H.:d 

in which an impurity cil'nwrn providing conductivity (p.-typc) opposite w t:hc 

:t:l"w<>nlc:ntioned condunivi1y (1Hypc) is :Hkkd to t:hc scrnicomh1<.:tor byers to he ;ic1ivc 

layers o( p-ch:mncl TF.fs. Si.nee the semiconducror layers arc eloped wit:h t:hc in1.purity 

10 dcnwnt by allowing the impuriry clement to p:ns 1:hro11gh die: t:.lJwr portions, the p-lypc 

low-conccnt:r:11:ion impurity regions have ;i concentration gradient similar to that of 1hc 

1H:ypc low-conccni.rmion impurity regions (Fig. 2C). Using t:hc f'ir:;t conductive l;tycrs :IS 

rnaoks wirh respect t:o an it:npurit.y clement., an impurity cl.cn1cnt: providing a p.-typc is added 

to fonn rHypc i.mpurity regions l 48 to l 50. Int.his cmhodin1cnt, t:hc J'H.ypc it:.npurity regions 

l.5 l.4il t:o 150 arc frmncd hy ion doping 11:;ing <libor:mc: (F\I 16). In the first :md second doping 

processing, phosphorus is :1<.ldcd to the impurity regions in diffrrcm conccn1.ra1.ions. 

l·k1wcvcr, by umd11cting doping processing so tb;it tlx: (:onccntr;nion uf boron bcu)1ncs 2 

x 10'0 t:o 2 x l01
·

1fcmJ in either region, wlwrcby they frniction as :1 S(nircc rq,(ion :1nd a drai.n 

region of a p-channcl 'fFf. 'fh11s, rlwre is no problem. 

20 Furthermore, in rhc case of 11sing 1hc condition of preventing a decrease in film 

thickne.1.1 in r:hc second etching processing ('for example, in t:hc cisc of using SF6 :is c1ching 

gas), in order rn focilit:ile doping of boron, etching (reactive ion etching (RIE) using ()IF, 

gas) frlr t:hinnin1' r:hc insub1:in1.,.'. film. I()(im;iy be cond11crcd before the th.in! doping . ' 

proccs01.n.g. 

25 Then, :J.\ shown i.n hg. 2\J, an impurity clcnicnt :.Hided to c;ich scmicomlucrnr layer 

is acrivat:cd. ··rhe :1ct:iv:it:ion is c()1Hii1ctcd hy t.hernu.iJ :-lnnc:-ding using c·nl anncn!ing furn;1cc:. 

·rlwrmal annc:tling may he conducted at: 400''C to 700"(~, 1ypic;illy 500'\.: ro ')')()"(;in a 
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nitrogen :nrnosphcrc having :in oxygen concentration of I ppm or kss, preferably O. l ppm 

ur less. In this embodiment, :1ctivation is conducted by hL\'H rrc:um.vnr :11. 'j'j()"C l(ir four 

hours. Instead o( rhcrmal annc:tling, l:iser :inncaling or rapid 1:h,,rni:1I :mnt'<iling (RT/\.) c:111 

be applied. 

5 'fhough nor shown in the drawing, the impuriry clcmcnrs arc diffused through rhc 

10 

activation treatment: 1:0 rhercby cr:1'c the border between the n,t:ype impurity regions (low 

concentration) :rnd the impurity regions (high concennmion) almost: complct:dy. 

In rhi" embodiment·, :H rhc .same time as the above,mcnt.ioncd :Kt.ivat:ion, nickel used 

as a catalyst during crysralliz:nion is geu:cred in r:hc impurity region conrnining phosphorus 

of high conccnt:ration, whereby a nickel conccntr:nion in the scmicomlucrnr layer mainly 

t:C) he a chann.cl f(Jrn1ing region is rc;clt.1ccd. In a '"CF'T' hi-iving ;1 ch:1nncl h.lr1ning region thus 

produced, an ()FF current value is decreased and crysrnllinity is s:11.isfouory. ·rhcrd(Jrc\ a 

high elect:ric field dfoct mobility is obtained, and sat:isf:icrory ch:nact:eri.stics c:.rn be 

achieved. 

L5 Next, hem trcauncrn is conducr:cd in a hydrogen. atmosphere rn hydrogcnau~ rhe 

semiconductor laycn;. Plasma hydrngcnarion (using hydrogen cxci.rcd by plas111:1) c:rn be 

used as anrn her mnhud of hydrogenation. 

ln t:li.c case of using laser :rnnealing :Vi t:he :Ktivat:ion, it: is cksirahlc rlrnt l.ascr liglH OJH:h 

:io excimcr laser ;rnd YA() laser is radiated after rhc above hydrogcn:ition. 

20 Next, a plating pm<:e:;s operation i.> carried 0111: with respect: to both r:he surfoce of the 

source wiring line 126 of the pixel ponion 403, and the Uenrode surfricc of the tcrmin;il 

porti.'2n. Fig. 7 A :;hows ;111 upper view of r:he terminal. portion just :ifrn the plating prrxcss 

operation is carried and Fig. 7P, indicates a sectional. view thereof. ln Figs. 7 A- 71\, reforcncc 

numeral 400 indicHc.) :1 tennin<1I port.ion, and rcforence numer:d 40 I represents ;rn 

25 electrode which is connccrcd rn an external r:cnninal. /\lso, fo1- the sake of simple 

cxpl:rnations, Figs. 7 i\-}rl i.ndicatcs one TTT provided in the drive circuit portion <}02, :..rid 

rmly t:hc s<.11.ircc wiring line 1.26 is indicated in the pixel portion 'Hll. In this cmhodimcn1., 
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t:hc plating process operat:ion was carried out by employing t.hc copper plating fluid 

(m:1nufocturcd hy EEJA : "M l(Jl/)l·;\13 Cu2200"). As indic11.cd in mw cx:unplc of Fir,. JO, 

when this plating prcH.::css opcrat:io1.1 is carried ou1· 1 either \,viring lines or c!ccrrodcs, \vhich 

will be pb1cd, arc coupled 1.0 each other hy employing a dummy paucrn so as 10 bcc<lrncc dw 

5 same potcmials. When t.hc subsu::uc is cut out in 1.hc succeeding .\rep, 1hc adjoinin1.: 

electrodes arc cut om so as 10 be .1cp:1rat:cd from c:ich odwr. Alrcrnativcly, a shmT·ci.rcuir 

ring ni:1y he formed by using 1.hc dummy pau.crn. 

Next:, a l'irsr interlayer insulating Cilm 155 capable o( covering the source wiring line 

of the pixel is formed. /\s 1.his first inrcrhy('r insulating film 155, :m inorganic insul:ning film 

lO m:-1inly con1:1ining silicon may he employed. 

Next:, a second inrerhyer insulating filn1 J.56 made of an nrganic insulating rnat:crial 

is formed on the first intcrl:iyer insulating film J.55. In this cmbudi1.ncnt:, an acrylic resin film 

having a thickness of 1.6 f.llll was frirrncd. 

Next, a pixel electrode 170 made ofa 1.ransparcm conducrive film is paucrncd on rhc 

l .5 second int:crlayer insulating film by employing a photom:dc A.1 rhe rr:111sparcnr conductive 

film which consti.t:ut:cs 1.hc pixel cb:tn)dc 170, for instance, rro (alloy !lladc of indi1.1111 

oxide and tin oxide), an ;illoy ni<1.ck of indium oxide and zinc oxide (Jn,(),, /In()), zinc 

oxide (/n()), and the like may be t'1nploy1:d. 

Next, while the second insulating Ciln\ is sckcrivcly crdwd by employing the 

20 photo1nask, a cont.act hole which is reached w the 1-csrwctivc impurity regions ( 1.3 7, Llil, 

148, 149, 151., J.5.3, 150) is formed; another conuKr hole which is reached t:o the suun.ct> 

wiring line 126 of the pixel portion is formed; and another contacr hole which is rc:iclwd 

to the gate clcc1rodc 124 is fonrn"I; :-md ;1bo, :uwthcr conLKI: hole which is reached t:o rhe 

electrode l25b is formed. 

2 5 Next, clcn:rodcs I. 5 7 ro l 60 whi.ch arc electrically con nee red ro 1.hc respective i1.npuri1.y 

regions (IJ7, U8, 149, 1+8), :rnd :.1 source wiring line of 1hc drive ci.rcuit arc forrncd; 

ckcrrodcs J.i_jl) and i(i3 which arc clcnrically conncct:cd ro hoth the impuri1v region I. SO 
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and 1.hl' impmit.y region l 5J :m: kirmcd; an ekct.rodc (connection cket:rodc) 16 l is f\lrmed 

which clcct:rically connects t.lw impurity region l S l which c1m.1titutes a source rq',inn m the 

:;ourcc wiring line 126 of the pixel i"Jnion; a ga1.e wiring line l(i2 which is ckcuic:dly 

connected rn the gate electrode l 24 is kmned; and also a capacirnr wiring line which is 

.5 clcnrically uinncctcd to the electrode I.2.5b is formed. 

Also, a pixel ckurotk 170 is elcnrically cormt:ct:cd t:o the impurity region 15.l of th 

pixel TFT 206 by such an elect.rode 163 which is made in comaCI· with and is overbppcd 

with this pixel electrode 170. Abi, this pixel electrode 170 is clect:ricilly connected I<> the 

impurily region 1 'i() of the holding c:1paci1.or 207 by another dccrrodc 169 which i.1 ll\:1<.k 

10 in cornaci wit.h :Jnd i.1 overlapped with 1.hc pixd electrode 147. 

Abo, in this ctnbodi.mcr11:, such :m cx:nnplc i.s shown thm 1.he clcct:ro<ks 169 :md I 63 

arc frmncd :1frcr the pixel electrodes have been formed. Alternatively, t.hc cont.au. holes are 

formed and the electrode is frmncd, and i:hercaf't:cr, rhe pixel elect.rode made of the 

rnrnsparcnt conductive film m:iy be frJnncd i.n such a manner t:h:n this pixel electrode is 

1.5 overlapped with this clccnodc. 

Also, the impurity elc1rn:nt.1 cap:il.ik of applying the p type arc addt•d t:o t:he respective 

impurit.y regions 13'5, 136, 144, 145, which may function as 01w ckcrrodc of :.1 holding 

cnrxKitor 207. "T'his holding capacitor 207 is fonncd by clccrrodcs 12 'i:1 and l 25b connectt'd 

to chc cap:icitor wiring line, and :ilso by :'1 sl'rni\:onducror bycr, while an insulming film 106 

20 is used as a dielectric member. 

While t:he abow,"c.kscri.hcd man ufoct:uring 1nct:hod is c:1.rri<:d c.mr, both th<.; drive circuit: 

20 l and the pixel ponion_205 om be formed on the same substrate. "T'hc drive circuit 20 l 

con1,ains the CMOS circuit: 202 cons1ructcd of' rhe IH.:h:mnd type · l'Ff 203 and tlw p, 

channel type 'l'Ff' 20,+. 'fhc pixel portion 205 contains t:hc pixel 'T'FT' 206 1nadc of' the n-

25 ch:mtwl 'l'F'f and the holding c:1p:H:irnr 207 (.ice Fig. Hl). Ir should be 1101.cd t:hat such :1 

suhsrratc is rt~fr·~rrcd 1·0 ;10 ;111 "active. n1::11:i.·ix suhstr:-1i:c 11 in. 1.liis spcci!"ic:lf:ion, fCH- the sal.l'..e n( 

c.:<.:n1 v(~111encc. 
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Fig. 5 is an upper view l(ir indic:.ning die pixd porrion o( 1hc :1crivc matrix substrate 

manufoc1.ured in this c111bodimen1.. Ir should also he noted thar rhe s:Hnc reference 

111.m1crals shown in Fi:.~- 3 Jl '1rc ell\ploycd "' those frlr imlic:Hing the same, or sin1dar 

dc1.ncnrs in Fig. 4 :rnd Fig. 'i. 'fhc dont"I line A-A' sh.own in Fig. :J B corrcspcnH.h to a 

5 scction:il view, rakcn :dung a dotted line A,A' in Fig. 4. The dou.cd line B"I)' shown in Fig. 

JB corresponds to a scnion:.d view takt;n :dong a dou:cd line 11"1.l' of hg . .5. /\.b<l, Fig. 4 is 

an upper view or rhc anivc rn:nrix rnbstratc obraincd just aft.er 1.hc so1.11"<:.c wiring line 1.26 

of the pixel is frmncd. 

'fhc pixel s1ructurc of this crnhodimcnr is mamd~1crurcd in such a 1nanner 1.li;.11.· while 

10 a black matrix i.s not employed, an edge punion of the pixel ckcrrodc~ 170 i.s ;1rrangcd rube 

overlapped wirh the so1.11:cc wiring line 126 in order to shidd sp:ll.:CS :1111<mg rhc pixel 

clcct:nxks. 

Also, in accordance wirh rhe steps shown in rhis cmbodimcn1., a 1:01:11 n1.11nber of 

pl101:cim:1sks which are required rn m:m1.ifo.icrurc the acrivc m:Hrix substrai:c could bccom.e · 

J.5 SIX. 

A description will now be 1.nadc ofsrcps by which an :1crive rn:nrix type Ii.quid crysrnl 

display device' m;1y be m:rnui'au:urcd fron1 this active m:nrix substrate obtained by 1:hc above 

mer.hod. Fig. 6 is <1sed to explain rhis m:mufacturing steps. 

Afrer the active lll<H:rix substrate formed under such a rnndi1.ion of Fig . .lB has been 

20 obtained, :in ori.crwnion film .30 l is fornwd on this active matrix substrate of Fig . .lfl, and 

then, the resultant acrivc m:nrix substrate is processed by a rubbing process 011er;Hion. Ir 

should also be noted t.hm in this embodiment, hcf()rc dw orientation fi.lm 30 I is fonucd, a 

spacer h;iving a pillar shape was f(Juncd at a cksir:ibk posi.rion by pancrning dw organic 

resin fi.lm such :is an acrylic resin film in order to 1nainrain ;rn interval of the subsua1.c. 

2.'> /\lrcrn:itivdy, a spacer having a spherical shape m:iy be di.st:ribmcd on :IJ1 cr11irc su1-f':1cc o( 

the suhsu:uc instc:,id o( the pill:1r·slnpcd spacer. 

Next, a cotHH.Cl' sulx;tr:nc .300 is prepared. A color Oltcr is provided on 1.his UJ<.1111er 



s11hsu-:11e. In chis color filter, a colored lavcr .302 am.I :1 ligh1 shielding layer 30..l arc arr:rngcd 

in corrc:;pondcncc with c:H.:h of'tlw pixclo. A. flauing film .JCH c:11i:1hlc u(cuvcring this c"lor 

filter and 1hc light shielding l:tycr w:is provided. Next, a coumcr t'lt'<.:trodc 305 n1adc o( a 

t.ransparcm conductive film was formed 011 the flatting nlm 304 in 1.hc pixel portion, and 

.5 anod1er oricnr:11ion film .30<i wa:; f(irnH'<i on an entire surface o( 1.hc cou111,,r 01.11.i>tratc, and 

then, the rcsultan1 sub.11T:ll.c was p1·ocesscd by 1hc rubbing 1.mx·.css opcr:nion. 

Then, both the active 111:11rix oi.1b.11:r:.Hc on which the pixel portion :md rhc drive circuit 

arc formed, and rhc coumer substra1c 300 are :idlwrcd ro c:ich od\cr hy using :1 :;caling 

m:llcrial .307. While a filler is mixed inco the scaling mmcri:'d "307, rill'"" 1.wo substr:Hcs arc 

JO :idhcrcd to each 01hn by m:iintaining an uniform irncrval hy 1his f'illc•r :ind die pill:ll",sh:ipcd 

spacer. ·rhereafrer, :1 liquid crystal 1na1.erial .308 is injected inro 1hc space hc1wccn both the 

substr:itcs so as 10 completely sc:d rhcsc substrates by using scaling :q,er11: (not shown). i-\s 

the liquid uys1::1l 11i:.11:crial :308, the known liquid crysral m:ncrial may he employed. 'fhcn, 

eit:lwr rhc :ictivc m:nrix subs1:r:11:c or the counter substrate is cu1 ou1soas10 form a dcsir:-iblc 

15 shnpc. In this c:-isc, the dununy pat.tern which is provided so :1.1 ro pcrf(Jrin the plating 

process opern1ion is cut our. 

Fig. llA. is an upper view of dw :1crive matrix liquid cry.11.al display device afrcr being 

cul. (HH :md Fig. ilB is a sccrion:-d view of 1:his liquid crysr:il display device, rnken along a 

don:ed l.i.nc D-D'. In Hw;. ll/\--8(:, rcforcncc numeral 400 shows a 1cnninal porrion, and 

20 rdcrcncc numeral 401 indicates an clcct:rodc which is connected to the external rennin;d. 

Abo, fix the sake of sirnpliciry, one TFT of the drive circui1 ponion 402 is shown and only 

the so1m:c wiring line l 26 is shown in 1.hc pixd p(.Jr!:i.0!1_ 40 .l in Figs. S;\ .. /l(:. Also, the 

electrode 401 is clcc1:ric:dly connected to wiring tines 1..57 10 160. In rile 1c1.minal ponion 

40, a portion of t:hc electrode 40 I. which is processed hy rhe pl:Hi11i~ process opcra1ion is 

25 cxpo.1cd, :111d a t:rnnsparen1 umduu:ivc f'ilm 404 is fc)nned. 

F'unhcnnore, a pulariz:uion pla1c l09 and 1.he like were properly provided by using the 

technique known in 1hi> field. Then, :111 FPC i.1 adhered 10 the cxpn>c'd ponion wi.1.hin the 



rcnninal portion by Grnploying the known rcchnique. Fig. 8C inchcarc.\ ;i 0cction:d view of 

th.c liquid crysr:d cli0phy ckvin: af'tcr rhc FPC 405 has been adhered thereto. 

Fcfcrring now 10 :m upper view of' Fig. 9, a construction of d\c' liqllid uysnl modulc 

m:mufanurcd in :icconbncc with 1.h.c :-1.hovc-expbincd m:lnncr will he tkscribcd. Ir .1hullld 

5 be IHHcd rlw s:rn1c rckrcncc m.m1crals shown in Fig. (i will he employed as d\Osc fm 

dCfH)l.ing the san1c COl.llp<:>nl:nts in r:ig. 9. 

ln rhc upper view of rhc liquid crystal module shown in l'ig. 9, such an active matrix 

substr:H:c i:; adhered via t:hc ""ding mal:crial .370 ro the counrer suhs1r:H"e JOO where rhc 

color filter is provided. On rhi.s active 1.wurix subs1.rntc, there :.m: limned doc pixd ponion, 

lO the driv<: circuit:, an cx1.crn:il input: t:crn1in:il 319 used to ;1dhcrc <lll FF'C (Flexible Prinrcd 

Circuit.) .321, a wiring line .320 used 1.0 co1uien the external input. t.euninal J 19 to in\Hll 

port:ions of rhc rcspr:nivc circuits. 

A light shielding layer 303:1 is provided on t.hc si.dc of t.hc counter subsi.r:Hc in >iH:h :1 

manner 1.hat 1.his light. shiekling layer JO.fa is ovcrl:-lpped with rlw g:uc--wiring--li.nc--sidcd 

15 drive circui.t 20 la. Anot!wr light d1ickling layer .30:.lb is provided on 1.he side l.ltiH: co11n1.cr 

suhst.n11:e in such a manner 1.h:n thi.1 light:shickling layer :JO:la i.s overlapped wit.h the sorm:c­

wiring-linc-si<kd drive circuit 201 b. Also, in 1.hc color filter 302 which i.s provided on t.hc 

si<k of the co11mcr substrate on the pixel port.ion 205, the light: :;hiclding byers :rnd dw 

colored byers made of the red (R) color, die green (()) color, and 1.hc blue (F\)"c:olor arc 

20 provided in correspondence with the respective pixels. When rhc liquid crysral. n1.odule 

:Kt:ually displays rhcreon :m image, <i color representation i.s fr.lnncd by rhrcc rolors 

constructed of the colored layer of red (R) color, t.hc col.01.cd LJycr ofgEccn(C";) color, and 

rhe colored layer o( blue (!.\) color. It i.s so assumed 1.hat. 1.hesc colored layers of rlw 

respective colors may be arbitrarily arranged. 

2.5 In 1.his case, rhc color fllrcr 302 is p1.ovidcd on the counter sllhstrmc so as t:u realize 1.hc 

color di.spl:iy mode, but the presc111. invention is no1. limi1.·.ed rlwrc10. When an :icr-ivc m:nrix 

subsrrat:e is rn:111ul:1cturcd, a color Cili:cr may be frnmcd on rhis :1c1ivc 111:1trix suhsi:r:Hl'.. 
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Also, 1.hc lighr shielding layer 30.3 is provided lx:twecn 1.hc adj"ining pixel.I in 1.hc color 

filter so :ls 10 shidJ the light: ar the phcc other than the clispl:1y rq.:i\ln. Altcrn:nivcly, a 

light: shielding layer m:iy :ilso he provided :1t 011ch :i region cqi:1hk of covcrin,<' rhe drive 

ci.rcuit. Al1.crn:nively, since the region c:ipable of covering 1.hc drive circuit is covered by 

'i :1 cover when rhc liquid cryst:d di.1play device is assembled :is a display 11nir of :m clccu"<l11ic 

appliance at a succeeding stage, such a light shielding layer may nm be especially provided. 

Also, when the active matrix suhsrr:.nc is manufactured, the light shielding layer may he 

frmncd on i:hc acrivc 1na1rix substnitc. 

Also, an FPC: 321 consti.turcd by a base film and :.1 wirin,<' line is :.1<.lhcn><.I to t.hc 

10 cxt:t:rn;il input tenni.1.wl by employing :rnisotropic conduci.ivc resin. Furthermore, rhis FPC: 

JZ l is li.1r1J\ennorc rcinfonncd by a reinfon:cmcnt pl:nc so as w cn1ph:1si:;c a mechanical 

strength. 

A.lso, in 1.his ex:imple, all of rhc drive circui.ts :HT lr>rmcd on the .111hst:r:11:c. 

Alrern:itivcly, scvcrnl pieces of lCs may he employed in ;i portion uf 1.hc drive circuits. 

15 The liquid crystal module manuf;icwrcd in the above-de.scribed m:rnrn:r may be 

employed as display units of v:nious sorts of electronic appliances. \X/hcn this liquid crystal 

rnoduk is :1sscmblcd, a back light. .310 and a light conduning plate 311 arc provided, which 

is covered hy :i cover 312, an active 1.narrix type liquid cryst.al display 1.lcvice indic:11:cd in Fig. 

6 may be accomplished. Ir should also be not:cd 1h:n die cover .312 is adhered 10 rhe liquid 

20 crystal module by crnploying adhesive agcni: and organic resin. Also, when the .111hsrnnc is 

adhered to t:hc couni:cr substrate, both t:h(, sub.1t:r:nc :md t:hc counter substr:Hc may be 

surrounded by a f1-amc, and a space between the suhst.r:ne :md 1his fr:ime is (ilkd with 

organic resin so as ro adhere this 01.1bstrat:c to t:hc frame. 

f[mbodimcnt: 21 

25 'fhc present invern.ion is fr::11:11rcd by tli;n :i somcc wiring line of :1 pixel portirn1 is 

formed by way of such a different: step from th:n of a source wirin;·i line ul' :J drive circuit .. 
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In this cmbodinicnr, a dilfrrcnt point Crom. rh:u of" the prior nrt will now he cxpl:iincd w1.th 

reforcnce to Fig. 10. Ir sho11ld he 1111dcrsrood that in Fig. 10, only three pieces 0Csn11rn' 

wiring lines 9 l o( 1hc pixel ponion, :ind only 1hrcc piccc.1 of gate wiring liens 9:Z <HC 

displ:iycd for the s:1kc ohirnplici1.y. Abo, the source wiring lines 91 of th.c pixel porrion ;ire 

5 made of' band shnpcs which arc locatnl in p:tr:ilkl ro c:ich ot.hcr, :n1d :rn inrnval anHll11' 

these source wiring lines <) l is cqu:1I ro :1 pixel pitch. 

It sho11l.d also he noted rh:.H Fig. 1.0 is a block co1101r11nion 11scd to rudizc a digir:il 

drive. Jn rhis embodiment., this block umsu:uct.ion contains a srnncc-sided drive circuit 903, 

a pixel portion 9'f, :Ind a gatc--sidcd drive circ11it 95. lt shuul.d :'d,;o be IHlU"l rhar an 

10 cxprcs:;itm "drive circ11it:" implies such a general term involving :i g:1tc-sidcd drive circ11it: :md 

a source"sickd drive circuit.. 

·rhe somce-si<kd drive circuit. 93 is provided with a shift register 93:1, '' hrch (A) 93b, 

a latch (!\) 9."lc, a D/;\ convener 1>ld, and a buffer 93c. Also, the gatc.-sided drive circuit 

95 is provided wirb a shift: rcgi:;tcr 95a, a level shifter 95b, and a huffrr 95c. Also, a kvcl 

1.5 shifter circuit: 1n;1y be provided between the bu:h (B) 93c :md the D/A convert.er 9.ld, if' 

ncce::;sary. 

Also, in this cmbodirncnt, as rcprcsc111ed in Fi1,. 10, " cont.act porrion is present 

between the sourcc>sided drive ci.rcuit 'rl and 1.hc pixel portion 94. .. l'hi.1 is bccnnc tlw 

source wiring lines of the source-sided drive circuit. and the source line 91 o( the pixel 

20 portion arc formed in the different processes. In :Ke<.mbncc wir:h the prcscnr i.nvenl:ion, the 

so111-cc wiring lines of dw pixel portion is frmned in accordance wit:h dw tlifforcnt proc<:.1s 

from rhc process for the source wiring lint" of the rnurce.-sidcd drive circuit. in order 1.h:.~1.dic 

plating process operation is carried 0111. wit:h respect: to rhc wiring line 11sing the 0<n11e 

material as that of r:hc g:nc ckctrodc, and then, this pl:i1.cd wiring line is covered by :1 

25 ma1.cri:JI having a I.ow resisrnncc value. 

/\bu, in order ro pcrfixn1 the plating process opcrmion, <>II of""' srn1rcc wiring lirws 

of rhe pixel port:i.on arc conr1cctcd 10 c:H.:h orhc:r by '"nploying :·1 wiring line pa1rcrn in .111cl1 
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a manner th:1t :ill o(rlwsc viurcc lines become i:hc same pmcni:i:il, :ind an clcurndc 96 iiir 

pnfonning a pht.ing process opc'rnt1tm is provided. Also, 1Jw tcrmi11:1l portion :nc si1niLuly 

con.ncct:cd to c;'lch other by c1nploying a i.viring line pattern, and an c!cctT<H.ic /(.)r cxccui.in,q 

a plating pn.>ccss oper:nion is provided. In Fig. 10, t.hc dcc1rodcs used t.u pcd(n·m the> 

S plating prciccss opcrai:ion arc separately provided. Altcrn:nivcly, while the source wiring 

lines are co1n1cctcd by 1.hc wiring pattern, the conncncd source wiring lim~s 1n:1y he 

pron"sed by t.hc plating process opcr:n.ion by a .single ekctrock within one rinw. /\bi, a 

dotted line shown in Fig. 10 consri.tutcs a cut-out line 97 oft:lw .substrate, and irnlic:1tc.> such 

a place which is cin out afrcr 1.hc pl:.1ting process operation has bee pcrliirnic\I. 

10 Also, a pixel portion 94 uJntains :1 plur:ilit.y of pixels, and 'TFT dt'1ncn1:s :ne provided 

within these plural pixels. /\.!so, in t.hc pixel ponion 94, a large number or ;;:1tc wiring lirn:s 

which :,ire conncci:cd to the g:Jtc-.sirkd drive circuits arc provided in parallel to each 01.hcr. 

Aiso, rhc tcnnirrnl portion is preferably covered by :1 rnatcri<il having a low rc.>ist::mc:c v:iluc, 

while plating process operation is c:nricd out wit.h respect 1:0 :rn electrode: with employment 

1.5 of the .same mai:crial :is 1-h:it oC the gmc clcc1rodc. 

Altcrn:it:ivcly, a gat.e"sidcd drive ci.rcuit may also he providnl :n rhc opposite side uf 

the gate-sided drive circui.1. 9.5, while .s:mdwiching i:hc pixel pon.irn.l 'N-

Also, i.n the case th:n the drive circuit is driven in the :m:dog 1n:11ui.cr, a smnpling 

circuit may be provided instead of the l:nch circuit. 

20 It should :1bo be noted rh:n this embodiment 2 may be combined with the 

embodimcm 1. 

!Embodiment l] 

ln the embodiment l, such an example is indic:ncd. 'fh:H is, t:lw t:<Jpcr ponion i.1 

sclcct:ivdy crched aw:iy. In 1.hi.s cinbcHli.mc11t 3, no etching process opcr:nion is carried 0111.. 

25 lt should be t11H..ICr.>tood i:hat si.ncc only a pixel port:ion of this ,:mbodimcn1. l is diff,:rcnr 

from 1.hc cmbodi1ncnt: l, only such a p1xd portion is indic;ll.cd in l.-igs. 1.11\--l Ill. 



'fhis embodiment. .3 is such :111 example duu 1.he 1.hird c•t:chin1< pn>ncss orwn.11.inn "(Fig. 

2B 0(1:hc cmboclirncnt: I i.1 nm cu1.icd our. In Fig. I I/\, a ga1c cku.rodc of' a pi'"'l 'J'l'T 70') 

fr>rms a pixel dcc1rodc 700 ccm1tr11c1.cd of a t.ransparcrn u11H.luuivc film. 

In Fig. I IA, :i s1.n1nurc: of 1.hc gme clcc1:rodc is dilfrrcnt: from dw g:nc clcc1.rodc 

5 structure of 1.hc embodiment: I, "'"' 1.hc first: conducri.vc layer.\ 707 ;ind 70B own taper 

potions. As a result, the first. cornluctivc layer 707 i:; overlapped with the impurity rrgion, 

while sandwiching rhc in.11.rlal'ing lllm. 

It should be noted 1..h;n rhe Urst. conductive layers 707 :ind 708 having the t:ipcr 

IX>l'li(ms cmrcspond t:u rhc Ur.11. conductive layer I 2'f<1 u( 1.Jw c111b(Klirnc111. I. Nm1', 

10 reference numeral 70 I indicates a source wiring line; 720, :1 gate wiring line. 

Abo, Fig. l 11.l shows such an example th:n the resulting liquid crystal module is 1nadc 

of a rriplc gate structure. In Fig. I 11\ the first: conductive layer 804 is overlapped wit:h 

impurity regions 1303 and 80(), wh.ik sandwiching ;m insubring film. Also, a first: U)rHluct:ivc 

layer 807 is overlapped wirh irnpurit:y regions 806 :rnd 808, while sandwiching an insulating 

15 lllm, :.ind a first conductive layer 810 i.1 overlapped with i1npuri1.y region:; 809 :ind ll 1. I, while 

sandwiching an insul:iting film. Nore, reference mmwr:il 80 l indicates :i sour.Tc wiring I.inc 

(by the pl:nning proccs:;); 820, a gate wiring line. 

Since; the tripk !f,:'lt:l' strnct.urc is employed i.n this crnhodirncnl 'l, the OIT-cmre111 c:rn 

be reduced. Also, since the width of the gate clec1:rodc is nu1ck n:uniw, for example, l . .5 

20 /.Lill, t:h<;> OIT-currcnt m:1y be fun:hcr reduced. 

It: should also above norcd rhar t:hi:; embodiment: J m:ry he freely combined with either 

the embodiment I. or rhc embodiment: 2. 

[EmbodinH,nt 41 

·r1w cmbodimcn1 I show.1 ouch an example 1.hat the active m:.ll.TiX whst.r:.nc used in the 

25 tran.smissi.on 1.ypc' liquid cry.m.rl di:;phy device is formed. This crnlx><lin1cnr 1 indic:ncs :111 

example ofa rdlcc1.ion 1.ypc liquid crystal di.splay device. !1. sl1(11rld Ix: 11ndcrs1.<J<l<i t.h:11. s11Kl' 
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only :.1 pixel portion of this cmbcidi1ncm 4 is dif'fercnt from rhc cmhodi.rncrH l, only sttc.:h :i 

pixd pon.ion is irn:liu11cd i.n Fig. 1 l.. 

A.1 :i substr:itc, a gl:iso suhstr:nc, a qu:in2 .1uhs1.r:1tc, :irl\l a plastic suhs1:r:.lf<' 1nd1· he 

employed. Furthermore, since this cmbodiinent 4 co1Tcspo1H.b to the reflect.ion type liquid 

5 crysrnl display device, there i.1 no spccifk limira1ion. For inst:rncc, a silicon :;ubstr:.111\ :i 

metal stillsrnnc, or a stainless st.eel subst.r:ne where an insula1.ing film is f(mncd on :1 suri':tcc 

thereof may be al1.cnunivcly employed. 

Fig. 12 is such an cx:nnplc th:n while a pbting p1·occs.1 opcr:ttion is carried <lltt in 

accord:rncc wit:h the cmborlin1.c111 I so as ro obrain a source• wiring line 140 l, ai'tcr :i secc>11d 

JO interlayer insulating film is frmned, t:hc resultant: substr:uc is patterned by employing :.i 

photomask 10 fonn a contact. hole, and then, the respective elect.rode>, a g:uc wiring line, 

and a pixel clen:rodc 1406 arc (orrnvl. 'The pixd electrode I +06 i.s cb:.1.rically conncc:rcd 

to an impurity region 140'5. A.s ni;ncrials of these l'icnrodcs nnd dw pixel clcc1rodc 1406, 

such nuH:crials having superior reflection clunincristi.cs may be employed, e.g., cid1.cr :1 Him 

15 niainly conr:iining Al. (alumirnun), or Ag (silver) or a st:ickcd layer filn1 o(thcsc m:ncrials 

may be used. In Fig. 12, the pixel ·rFr 1402 owns a double g:.1tc stn1c1.urc, and also has 1wo 

sets of channel forming 1Tgions. ·rlwsc channel forming regions an: ovcrl;ippcd wi.rh c:tch 

other, whi.lc sandwiching rhc ;;arc electrodes 1403 :rnd 1404, :ind the insul:Hin;~ filin. Note, 

reference numeral 1.420 indicates a garc wiring lirlt. · 

20 In accordance with the method for m;inufocturing t:hc stn1cu.m' of Fig. 12, since the 

pixel clcnrodes :ind the garc wiring lines can he tn<rnufocturcd :.n rhc same time, a total 

nwnbcr of photom:isb required t:o m:mufacturc chc :1ctivc m:Hrix substTatc could ill' 

reduced rn 5. 

IEmb<xlin1c111; 5 J 

25 Figs. lJA,.IJC: show an cx:unplc o(an cm.bodimenr 5 in "'l1icl1 a source wiring line is 

formed by a di.fforent: step from th:n of rhc embodiment I. 
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Fig. 13A represents such an cx:nnplc tfon after :J S<Htru: wiring line 903 u( a pixel 

port.ion 911. is processed by a plating 1.Jroccss opcrnti.on, :rn inu·.rL1ycr in.1ul:iring film is 

fonncd, and :i contacr hole is formed in 1his intcrl:iyu insularin;.: f"ilm, and rhcrc:ifr,:r, a 

terminal portion 900 is procc00cd by a pla1ing process opc:r:nion. 

5 First, an denrodc 901 oft lie terminal portion 900 i.s formed at the s:Hnc step as tlt<.1t 

of a g:irc dcctrodc 902 of a drive circuir portion ')10. /\source ck:ct:rodc 90.3 is iiirnwd :ll 

the same su•p :is thi.s clccrrode .. H.rst, only 1.he source wiring line 90.'l of cht pixel portion 

911 is sclcct:ivcly processed hy a pl:11ing process operation. Sulw:queni.ly, :'1!'1 intcrl:iycr 

insulating lllm is formed :ind :1 contact hole is frmned. When rh1s CCHH:icr huk is k>rrncd, 

IO ;1 portion of the electrode 90 I. of the tennin:il portion 900 is cxpo.\e<I. Next, only s11ch :ill 

exposed region of i:hc• ckcrrodc 90 I of rhe termin:il poniun 900 i.s pnKcsscd hy a pLuing 

process opennion, so that a pbtcd film. 904 is formed. ·rhc:rc:1frcr, an cxtrncrion wiring I inc, 

a source wiring line, and a drain wiring line arc flnmcd. Subscquendy, a st:ruct:urc shown 

in Fig. UA may be fonned in ;iccord:n1cc with the ouccccding steps of the ci.nbudirncnt: 

l 5 l. 

l t should be noted dun i:hc :.JCtiv:nion of t:hc inipurity ckmcrns contained in the 

semiconductor I.ayer rn:1y be prderahly carried our bd(i1'\' the plated illn1 9C)'J. is frmncd. 

Nore, rcforencc numeral 920 indi.catcs an F'i'C. 

Also, simibr to the cmb(idimcnt l, when the plating Jll\let'ss opcr:nion is carried out:, 

20 t:he wiring lines and the ckct:rodcs, which will be plated, arc conncci:cd l\l <.::ich orher by 

employing dummy patterns in such :1 rn:Hrncr th:n rhc porcnti.:'d.s clrlwsc wiring lines, or the 

clccmicks ;ire made cqu:il t:o each other. \Vhcn the subs1:r:11:e is cut out: a11hc !:Her stq>, 

the murnal clecrrodcs are cut: ou1 so as 1:0 be separated from each other. Al1:ern:11:ivcly, a 

sl1ort:·"circuit: ring m;1y be formed by using rhcsc dummy p:Htcrns. 

l5 Fig. 1 ·.ll:\ i.ndic:Hcs such :rn cx:nnpk th:'ll: a plating process operation is carried 0111 :11 

;i step difforcm from t:hc step Fig. I .JA. 'fhis embodiment co1-rcspcll1ds 10 such :ill cx:llnplc 

that whcn :i garc electrode 11002 is f(irmcd, :·1 source wirin1.: line 11003 is nor kmncd ;n t.lw 
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.sainc t:i.n1c. 

After nn insllbtin:; l'ilm cap;ihlc o( pror:ccring 1.hc gate dcurodc I IOCll h<1s \wen 

frmncd, while the impurity ,,Jcmcnts :1<lckd ro the rcspcc1ivc semicondunor l:iycrs :ire 

activated, hurh a source wiring line l lOOJ 0(:1 pixd ponion I. I 011 :md an clcctrmk 1100 I 

'i of a tenni.1.rnl portion l IOOO arc f(irnwd :.H the same i:imc on I he <11s1.il.<11ing film by cxccuring 

;1 photolithography srcp. "fhis wiring line and r:hc electrode are m:1dc o( a rncr:al m:1reri:il 

having a low rcsi.stancc v:tllle (typically known as mer:il matcri.als m;iinly conl'.iining 

almninurn, silver, :md copper). /\s previously dcscri.bcd, since tlw .101wce wiring line I !003 

of the pixel ponion l IO l I is fiinncd by en1ploying such :.1 mnal rnar.crial h:iving :1 luw 

J.0 rcsist:ancc value, even when rhc :.nc;.1 of the pixel ponion is increased, r:he liquid crvsr:il 

module can be :;ufficicndy driven. /\lso, in order to reduce a 1.or:d number o( lnasks. rhc 

source wiring line rnay be frmncd by way of ;1 printing method. 

Next, while a plat:ing 11n!Ccos operation (clcctrolyric plating met.hod) is carried om, a 

metal frlm is formed on bot:h a surfrH.cC of the source wiring line 1100:3 of r:h.c pixel portion 

15 11011, and also a surf:icc of the elect.rode 11001 of the t:crn1inal porrion 11000. 

Subscqucndy, such a sr:runurc shown in Fig. IJB may he kmncd in accordance wirh r:hc 

cmbodi.mcnt l in r:hc s1Kcceding sr.cps. 

Fig. UC indicates such an example t:har. a source wiring line is (orrncd :it: a step 

different from r.he step shown in Fig. LlA. Note, rekrcnce numeral 11020 imlic:Hc" :rn 

20 FPC. 

In r:hi:; embodi1ncnr:, r:hc so11rcc wiring line is frJnncd by executing a printing nwrhod. 

A conductive layer w:i:; formed in order ro improve po.sil"ion:d precision of r.hc sm.11.-cc wiring 

line I !Oll oft:hc pixel ponion 11032. 

In this embodiment:, conductive layers were kirmcd at: the same sr:cps as rhosc o( rhc 

25 g:He clcct:rodc. Nexr, while the g:-11.c dcci.rodc was nor u>vcrcd hy the insular.ing nlrn, r:hc 

i.n1purit:y clcn\c1.1t \V('IS activated. J\s t.-l-1(: acri.vat.i.on. r.n:oc.css 1 f()r in:-itanc since rh~~rrlt;·il 

:inncaling opcra1ion w;i:; carried 0111. under reduced pre.some within im1cr.ivc mmosphcr:c, it. 

52 



co11ld ':i1.1pprcss that the g::u:c ckc1 rrnk owns the high rcsist:llicc v:dw; due rn oxid:nion of 

the C<m<it1nivc L1ycrs. Suhscqucnrly, :1 so1H-cc wirin1: li1w w:10 l(mncd by cmployi1w :1 

printing method in order m cll\hcd" space between the curH.l11oivc L1ycrs. Al.so, si1H.:c: 1he 

cond11nivc layn is formed along 1.hc source wiring line, it is prn.siblc rn avoid rhc line 

.5 disconnect.ion which m:1y occm in the printing method (screen printing inctlrnd). 

Subsequently, such a struc1.111·c shown in Fig. I .:JC may he fornwd in :H;curd:mcc wi1.h the 

wccccding steps of the cmhodirncnt I. No1.c, in Fig. UC, rcil:rcncc nun1cral l I 030 

indic1res :1 termin~il portion; l !03 l, a drive circuit: portion; and 1. 1.0.".\4, :m FPC:. 

A screen priming nwrhod is ca1Tied our :is frJllows: for im1a11cc, while a plmc h:iving 

10 an opening of a (ksirablc pattern is used as a 1.nask, either pas1.c (dilurion fluid) mixt't.1 with 

1nctal part.icks (Ag, Al etc.) or ink is formed froin the 01x:ning on a suhsrr:nc corresponding 

to a member to be printed. 'fhcrcafrcr, the resulting nibsrr:.Hc is t:hcrm:illy sint:crcd, su 1.hat 

:-1 wiring line having a dcsir::1ble p:11:1:crn is frmncd. Since such a screen priming n1cth<.lll i.1 

rebtivdy low cost and may be applied to a large area, this screen prinring 111et:hod nrnv he 

1.5 suitable for t:hc prcscrn invcnt:ion. 

Ah:crn~nively, instead of dw sucen printing method, a lcu:crprcss (relid) printing 

method using a rotary drum, an int:agl.io printing mct:hod, and varinus sorts ofoffact: pmuing 

nwthod 1.nay be applied to the present invention. 

""rhe source wiring line of dw pixel porrion may be kJl'lncd by executing dw a hove· 

20 explained various mcrhods. 

It should also be norcd that t.hc present. cmbodimcnr 5 1n:ly be freely corn.hined wirh 

any one of the :rliovc·dcscribcd cmbodinwnrs I t:o 4. 

IEmbodin1cnt 6] 

In \'.he cmb<l<limcnt: l, i:lwrc is shown such an example o(thc 'Jl'T h:rving rhc to[J g:nc 

25 structure. llowcver, 1.hc present invcnri.on is nor limited ro rhis 'l"FT s1ruct.urc. In this 

cmhodimcnr, Fig. l 4 indicmcs s11ch an example of' a pixel 'l"l''l' I 502 h:ivin;.! a houon1 g:nc 
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st:ruc1.i1rc. 
,. 

First:, ;ifrcr borh a gat.c clcci.rode 1503 and a source wiring line h:ivc been l(inrH.:cl "" 

a subst:r:nc, a g:He insuLHing film i:; f(mned. Next:, a scn11conduct.or f'ilm i.1 formed in such 

;1 m:11rncr that 1.his scmiconducror fil111 is ovcrl:1ppcd with the gate clcnrr>dc I 'i03 while 

5 sandwiching t:hc gate insulating film. Next:, an insulating l:·1ycr is sclcccivcly l'ornicd u11 such 

a portion u(thc semiconducmr film, which con:;1:in11c.1 :.1 ch:111nd forming region, :md then, 

a doping opcrat.icm is carri.cd our. Subscqucmly, :1frcr :.in :icrivation process oper:ni.rln i.1 

carried our, bot:h t:hc sc1niconduc1·or film and the gau: insul:ning Ci.Im :.ire sclcct.ivcly 

rernovecI. At: this time, tlw insul:Hing film which covers the source wiring line i.1 rc1rnw<'<.i 

lO so as t:o expose the wrfoce of' this source wiring liiw. Ncxr, the surface uf rhc source wiring 

I.inc is prcK.csscd by t:hc plating pr<.l<.ct.,,\,\ opcr;nion, so thm such a source wiring Jim: l 'iO I 

having a low resistance value is f(mrn;d. 

Next:, an interlayer insulating (ilrn is formed, a pixel electrode 1504 m.adc of !TO is 

fr>rmcd, and then, a conran hole is forn1c(L Next, an electrode is fr>rmcd which cunriens 

15 dw oourcc region o( the pixel ·rFr 1502 to the source wiring line 150 l; :.1 g:nc wiring line 

1520 conncct:cd to rhc ga1.c elcu.rodt• is formed; and ;mother electrode i.s formed whi.ch 

conncns the drain region of' r:hc pixel ·rFr 1.502 1.0 the pixel dcc1.rodc 1.504. 

It should also be noted that the present: c111bodimc111 6 rn:iy be freely combined with 

any one of the above-described embodiments I to 5. 

20 [Embodiment 71 

Fig. 15 indicates such an exam pk 1.ha1. a :;ource wiring line is frmncd at: ;1 step different 

from the srcp shown i.n the embodiment: l. 

Fig. 1.5 is such an cx:11nple that: afrer an interlayer insulating (ilm has been formed, a 

pixel cJcnrOdt' 1600 made of j"f() is f(mned ()n I.he intcrl:1y<:r insulating film, ;rnd t:hcn, :.I 

25 soi.HT<' wiring line 160 I is formed. 

Jn this cmhodimcrH, while the source wiring line 1.60 I io kmncd hy w:.y o( 1.hc screen 



printing method, a con1wcrion ckcrrodc l(i2 I is provided which is employed .10 :.1.1 to 

connect: t:his source wiring line 1601 to a source region 0(:1 pixel 'fFl' 1602. 

A screen printing 111cd1od is rnrricd out :Js fr>llows: (or inst.:111cc:, while a pl:nc having 

an opening of :1 desirable paucrn is 11sed :is a mask, either p:·1s1c (dilu1:im1 fluid) mixed wirh 

5 mcuil particles (Ag, Al, Cu etc.) or ink is f(mncd from rhc upcning on a suhs1r:uc 

corresponding to a 1ncrnbcr 1:<1 be printed. Thcrcafrcr, rhc resulting substrate is thcrnrnlly 

sintered, so rh:n :1 wiring line having a desirable pattern is formed. Since such a .1nccn 

printing nwd1od is rclativc/.y low cost and may be :1pplicd to a large area, 1.his screen priming 

rm:rhod may he~ suirable fr>r rhe present invent.ion. 

10 Alrnn:itivdy, inst:cad o( 1.hc screen printing method, a lcucrprcss (relief) prin1in1; 

n1ethod usin.g a rotary clrun1 1 an intaglio prin.t:ing 1.n.crhod, ai1d vari()l.J.':i s()rf"s of<.)ff~et: prinr.ing 

method may be :ipplicd to the present invenrion. 

In this cmhodimem, while the .1011rcc wiring I.inc 160 I. w:is nude: of copper, both the 

connection clcctrndc 1621 and dw g:He wiring li.ne J.62 l were frinncd hy such :1 rriplc"hycr 

15 swckcd layer ofT'i/Al/I'i. 

It shouk! also be noted rhat dw present cmbodirncn1. 7 may he freely combined wirh 

:my one of 1.he ~1b<ivc,tkscribcd cnibodirncnt:s I 1.0 4. 

!Embodiment: 8) 

Fig. l 7 rcprcscrn.s an example of ;m upper vi.cw of a pixel in 1.hc G1sc 1.ha1: :1 liquid 

20 crystal module is constructed of a t:riplc gare sm1cturc in this embodiment 8. 

In Fig. 17, rcforencc numn:11 I 20 I. indi.catcs a semi.conductor layer, refon:ncc rnrnwr:1l 

l 202 shows :'1 1pte electrode, rcf(,rcncc numeral l ZOJ rcprcscnrs :-1 c:1p:1Cirivc ekc1:rc)(k, 

rcfon:ncc numeral 1204 shows a source wiring line, :ind rcforcncc numeral l 205 denotes a 

gate 1oviring line. Also) rcf'Crence nunlcral l 206 inclicatcs ;:1 capacirive \viring lirH\ rcfi:~rcncc 

2'5 nu1ncral 1.207 shows :.Ill elccm>de for conrn.Tring the scmicnnduc:rnr layer 1.n 1.hc source 

wiring line, rcforenu: numcr:.JI I 209 i.ndicucs a pixel clccu""lc, :·11Hl n:forcm:.c numcr:il 1208 
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shows :in electrode for cornwcring rhc semiconducmr layer to the pixel 1:lccno1.k. 

In this embodiment, both the garc elect.rode 1202 and 1J1c cap:K1tivc eb;trodc J Z03 

arc formed :n dw o;11nc step on ;111 in:;1d:11ing l'ilm which cm'<.:rs rhe sc111icond11c1or l:1ycr 

1201.. 'fhc source wiring line 1204 is kmncd at the same step, or diffrrcnt steps n( thcs1' 

S electrodes. In this embodiment, afrer ;tn impurity clement has hccn :i1 . .kkd to the 

semiconductor layer and t:lw ;llhkd impurity clement h:is been :.icl:ivatcd, the wiring line w:is 

formed on the gate i.nsulating f'ilm :it :i diCforcnt step, and a smf":icc thereof is processed by 

a plating process opcr:Hion so as rn lower :·I resist::mcc val11c of d1is wiring line. Also, in t:his 

onbodirncnt:, the gai:c electrode 1205, the capacit.ivc electrode 1206, t:hc ,:kcrrodcs 1207 

10 and 1208 on the interlayer insulating !llm which covers the gate ckct.nxlc l 202, the sou1occ 

wiring line 1204, and t:hc capacitive wiring line 120.3 arc f(H'tnt•d :n the s:.ime st:cp. Abn, the 

clcct:rodc 1208 is provided in such :1 1n:mner that: this clcct:rodc 1208 is made in crnnact 

with a ponion of t:lw pixel electrode 1.209 and is overlapped wit:h t:his portion. The pixel 

electrode J.209 is made of':1 t:r:m.srmrcnt: conductive fllm which is frmncd un t:hc int:crl:1ycr 

15 insub1.ing !llrn. Abo, as shown in Fig. 17, :·1.s viewed from t:hc upper surface, the capacit.ivc 

wiring line 1206 is iirrangcd between 1.hc clcct.TO<k: I 208 :n1d rlw electrode 1.207. 

The gmc dectrodc 1202 is overl:1ppcd wi.th the scrniconducror layer 120 I at: 1.hrcc 

positions, while sandwiching rhcrebetwccn t:hc gate insubting film, and rhus, rnnstit:111.cs a 

triple gat.c st.ruct:urc. Si.nee a sectional view of i1 portion nc:ir t:hc g:nc electrode is 

20 substantially idcnr:ic:1I to that of Fig. l lB, an cxpl:u1:nion 1l1nt'<.ii. is omitted. 

Fig. I l 13 is such an example t:h:rr: t:hc c1p;icitor of t:hc pixel poni.on is formed in the 

scniiconduct:or layer which is different from t:hc pixel ·rFr. In Fig. 17, a capaciror is fi>l'lncd 

by a ponion of the scmiconductrn: layer of 1.hc pixel 'l}"r. ·ro s<:curc rhc: c:1pacit:or, 1.hc 

thickness of the insulating fllm m:iy be m:idc thin up to appruxinrntcly 80 nm. 

25 In this embodiment:, since t:he 1.riplc garc srruet:ure is employed, t:hc CJFF current rnay 

be reduced. Also, since t:hc width of the gate ek:ctrodc 1202 is m:kle n:rrrow, J(1r cx:irnpk, 

1.5 JLrn, r:he ()J:r"-cun'CIH. rnay be further reduced. 
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!1 should also be norcd diat. 1.hc presc:nt c1nbmli1.ncnt 13 may \x, freely combined w11h 

any one of rhc :d.iovc-dcscribcd cmhuditncrns I. w 7. 

I Embodimcrn 9 J 

'Tlris embodiment 9 indicates such an cx:rmpk 1.h;11 PPTA. (l'lural Pulse Tlwrm:d 

5 Annealing) is c1nploycd as 1hc: t:hcrrnal processing opcrntion in die embodiment. I. 

'fhc thermal process opern1ion "PP'T'A" impliu; such a rhcrnrnl pnxcssing opn;nion 

t.har :r heating cycle by a light source (halogen lamp, nwt.·;.i\ h;ilidc lamp, hig\qircssurc 

mercury lmnp, high-pressure sodium \;imp, xenon lamp etc.), and a cooling cycle by 

circulating coolant: (nitrogen, helium, argon, krypt:on, xenon etc.) in to a processing clrnrnbcr 

10 · me rcpe:nedly carried 011r plural t:imes. 'l'hc light: emission t:in1c n( rhc light. S<.ll.m:e per I 

time is equal i:o l through 60 seconds, prckrably, 0. L through 20 seconds. 'fhc lighr source 

irradiates light: plunil t:i1ncs. 'fhc lighr source is 1urned ON in :rn in1crrnit:rcnt: nu11.rncr by 

a power supply t:hcrcof;md a control circuit in such a manner t:h:n 1he holding t:imc period 

of t:he semiconductor film bccom.cs 0 . .5 10 5 "'conds. 

l5 While t:hc actual hc:Hing time is shortened by PFTA, since light which i.> sekcrivcly 

absorbed by t:hc scmiconduct.or film is irradiated form the light: source provided on nnc 

or1rfacc side, or 1hc light sources provided on bo1h surfi1u' sides, only rlw ""niconductor film 

is seknivcly heated (temperature increasing speed of 100 m 200 '·'(.:/second) without: 

heating t:hc substrate itself to higlwr ronpcrnturcs. Abo, in order to suppress rhc 

20 ' wmpcraturc increase of the substrate, this substrate is cooled from die pcriplwr;d ponion 

l e 
J 

thereof' by employing t:hc coobnt (t.cmpcraturc dccre;1sing speed of 50 ro 150 

°C/occond). 

The following example is indicncd in which one hc:rt:ing pnx:css opcrai:ion an1ong t:hc 

heating process opcrnt:ions executed in Emhodi1ncnt l is used in :ictivmiun. 

In the act:ivat:ion process shown in Fig. 2D, the act:iv:ition process opcnnion is c:irricd 

out: by PFr1\. Whik a umgs1.en halogen !:imp i.1 crnploycd ;rs a light: .1011rcc, pll\sc light is 
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irradiated fron1 one surfocc side, or both surface :;ides of' the s11hst:r;m·. A.t this 1in1c, :1 flow 

rare of "lk" is incru.1sed/dccre:1sed in synchroni:;m wi1.h turnin1< <)N/()FF of the tun;.:stcn 

halogen l:Hnp w <is ro selcct.ivcly he:H the sen1iconducrnr (ilm. 

'flw impurity ckm.cnt. may be aniv:.ll:l'd by this PFTA, and also, 1.hc mcrnl element 

5 which is employed 1.0 crystalize and is contained in t:he scrnicomlunor layer 1n:1y he 

gettering-processed from the channel forming region inro the impurity region. It. should he 

not:cd t:h:11 if not: only phospl1orns, hut :1!.10 an i1npuri.1.y clement C:'qn1hle of" :1pplying rhc p 

type :Jl'e :1ddcd into t:hc impurity rcl!,ion, then a more effective dfcn may be achieved. As 

a result:, such<• step for adding boron capable 0L1dding the p type rn;iy he prcforahly :1<.ldcd 

IO afrcr the llrst. doping step. Alt.ern:Hivcly, while the Pl"fA. prou~ssin;~ ch:rnlht'r is set: to .1ucl1 

<l prcssu1.-e reduction condition, .lower than, or cqu:il ro IJ..l P;i, it is pmsiblc to prevent 

occwTetH:cs of oxidation and contamination. 

It should alw be noted that the present. embodiment 9 may he freely combined wid1 

:my 01w of t:hc abovc-dcscrilwd cmbodinwnts l t:o 8. 

15 fEmbodi1nent 10] 

ln this embodiment, a n1ct:hod of simultaneously manuf:icturing a pixel ponion (n-· 

ch:mnel 'I'FT) and TFTs (an EEl'v!ClS circuit from n-channcl 'ff!"), which is providing :1 

Nl'v!OS circuit: of :1 drive circuit provided on the periphery of the pixel portion, on the same 

substrate will be described with 1dcrencc to Figs. JllA to 22. 

20 In \his embodiment, a subst:nne 1000 is used, which is made of b;irium borosilic:nc 

glass such as //7059 glass and // 1737 glass produced by Corning Corp. or 

:1lurninoborosilicat:c 11,bss. As t:lw subsn:nc lOOO, ;1ny subsrr;1tc c;m be u:;cd :u; long as it: h:1s 

1.r:msparcncy. A quanz subst:rat:c may he used. A pbst:ic subs1r:11:c luving hear resistance 

enduring :1 t:re:Jt.nwnt: tcmpcr:iturc of this embodiment: ;ilw 1nay he used. 

2 5 Then, an underlying film l 00 I ui1nposed of :u1 in.11d:11.ing film stH.:h a.\ a silicon oxide 

i'ilm, a silicon nitride film, or :1 silicon oxide nit.ride film is frmned on tJ1c suhsuarc 1000. In 
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this crnbodirncnt:, a two·byercd structure i.s used as the underlying film 1.001.. l·lmvcvcr, a 
,. 

single i.n.sul.at:in.g Ci.lrn ()r a l::.1n1inat:ion u( l.\VO or tnorc i11.)ul:lt'ing f"ilin.i.; 11sing the above 

insul:iting film rn:iy also be llSt.'.1!. As a first layer of dw underlyin)~ (i11n 100 I, :1 ::ii icon "'idc 

nitride film lOOi<i is frirnwd to a 1hickm::;.1 of IO 10 200 nm (prclc:rahly, 50 10 1.00 nm) hy 

5 pbsma CVD, using Sil I,. NHi, and N/_) as reactive g:u;. In this cmbrnlimcnr, :1 silicon uxidc 

nitride fi.lm lOO I a (composition r;itio: Si =0 32%, 0 = 27°/o, N '" 24'X., and I·I '' I '/°lo) 

h:1ving a thickness of 50 nm is frmncd. Then, as a second bycr of underlying (!lm 100 l, a 

silicon oxide nitride fllm 1001 bis formed to a thickness of 50 to 200 nm (prckrably, I 00 to 

150 nm) by plasma C:YD, using Sill., and N/.) :1s reactive gas. In rhis embodiment, ;i .1ilirnn 

10 oxide nitride film JOO lb (con1position ratio: Si = 32%, () '" 59'X,, N ' 7'Yo, and 11 "' l'X>) 

k1ving a thickncs·s of' 100 nrn is frmncd. 

Then, semiconductor laycrn 1002 to 1005 ;1rc frinncd on rhc underlying film. 'The 

scn1iconduct:or byers 1002 to 1005 arc formed by forming ;1 .\cmiumducror film having ;m 

;1morpl1<)us structure hy a known r.ncthod (sputtering, LPCVL), plasma CV!), or i:hc like), 

15 conducting ;.i known crysn1llization precessing (laser crystalliz:nion, rhcnnal crystalliwrion, 

or rhcnnal crystallization using a catalyst 01.1d1 ;'1s nickel) tu obtain <"' crystalline 

s':'rniv.mduct.or film, and p;1ncrning the fl.Im into a desired sh;1pc. 'T'hc semiconductor layers 

1002 to 1005 arc f(Jrmcd to a thi.ckncss of 25 ro 80 nm (preferably, 30 to 60 nm). 'There is 

no p;irticular l.imit regarding the material for th.c crystalline scmiconduct:or film. How"ver, 

20 i.t is prefor;ible to form silicon or a silicon germanium alloy. In this cmhudimcnl', an 

arnorphous silicor\ film of 55 nm is formed by p[;u;1na CYD, ;md rhercaft:cr, a solution 

cornaining nickel is held on the amorphous silicon f'ilm. The amorphous silicon (ilm is 

dehydrogenated (at 500°C, frn· one hour), and dwn subjected to thermal crystalliz;u.ion (at 

550"C, for 4 hours). Furt:hcnnore, bscr ~mnealing is conducted for t:lw purpose of itnproving 

25 crysr:illizat:ion, whereby a crysr:·dline silicon film is formed. Tlw crysrallinc silicon f'ilnt is 

.\ldljccrcd to p:.nrerning by phurolirhography ro frmn the sc1niconductor l;iycrs l002 w 

I 005. 
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Furthermore, a(tcr dw scmiC<.HH.luctor layers J.002. to 100'5 ;ire i(irnwd, ,lopi111.: uf a 

tr<Ke amoun I: of impurity e krncn ts (boron or phosphorus) may he :1pprnpri:11.cly u.md uc 1 '"·' 

:;o :i:; 10 111anufacu11-c scp:1r:itcly enhanccrncm type :md dcpressiun type. 

Fmrhcrmore, in t:ll(: case of 111anufrtct:uring a crystnllim: scrnicondunor l'ilm by hscr 

.5 cryst:allizat.ion, a pulsc-oscill:ition type or continuous light emission type cxcinicr l:iscr, :i 

Y AC laser and a YV0.1 laser can he used. When using these lasers, laser light cmiucd (rom 

a laser oscillator may be condensed into a I.inc shape by :rn opt:ic:li system "'"' allowed to 

r;1di:nc to a semi.conduct.or film. Crysr:1lliz:irion conditions arc apprnpriat:cly selected hy t:hc 

operator. However, when using an cxcirner la:;er, a pulse osc:ill;ition (rcquency is set w he 

10 JO Hz, and a laser energy density is scr to be 100 1:0 400 mJ/cm~ (rypic1lly 200 to JOO 

mJ/cm1
). In the case o( using a puloc oscill.ation Y AC1 laser, the second harmonic ti!l'rcof 

may be used, a pulw. mcillation frequency rnay be• set: 1:0 be I 1:0 lO kllz, and a laser energy 

density ni;1y be set: to be JOO 1:0 600 mJ/cni' (t:ypically, 350 to 500 mJ!un'). Laser light: 

condensed in a line .1h:ipc wirh a width of 100 1.0 1000 /.Lill (e.g., 'f00 11m) rn:iy be rndi:.11:cd 

1.5 over dw entire surface ofa substrnt:c, <.n1d a line~shaped laser light overlap rario at this time 

may be set: 10 be 80 to 913')(,_ 

In addition, the st:He of bscr radiation is shown briefly in Fig. 25. The laser light 

cmit.t:cd from the laser light: source 6 I 0 I is r:1di:11:ed t:o :1 large 11d.i>tratc 6105 by the opric;il 

syst:enl 6102 and the rnirror 6103. 'fhc arrow on the large sulmr:m: shows a scmning 

20 direction of the laser light::. Fig. 25 shows executing a multiple pau:cm 1:0 frmn six subsunrcs 

sized 12. I inches from die large substrate 6105 sized 650 x 550 nm. 

Then, a gate insulating film 1006 is fonncd so ;i>; t:o cover die sc1niconduct:or l;1ycrs 

1002 to 1005. The gate insulating film 1006 is f(irmed of an insulating film conwining 

silicon so as ro have a thickness of 40 1:0 150 nm by plasma CVD m :;puu:cring. In this 

2 5 embodiment:, a silicon oxide nit:ridc film (U>m1Josit:ion r;niu: Si ••• 32'K,, () ···· 59%, N ••• '/%, 

and H "0 2%) is formed 1:0 :1 thickness o( 115 11111 by pl:1s111:i C::VD. Ncedk:s.1 t:o s<1y, the g:nc 

insulating film is not: limited 1:0 :1 silicon oxide nitride film, :.md 1n:1y have a single l:1y,,r or 
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multi··laycred structure o( in.11.d:.ning films containing :mother silicon. 

Then, as shown in Fig. 181\, :1 first cundun.ivc film IOO?a (tl11c:luH'"' 20 tn 100 nm) 

:ind a second cmHiunivc film l007b (rhickncss: 100 to 400 lllll) :ire laininaicd 1.m tlw 1,:Hc 

insulating film IOO(i. In this crnbodimcn1, the first conductive nilll I 007a made o( ;1 ·r:.1N 

5 fillll i·i<iving a thicknt•ss of 30 nm. and the scu.md conductive Cil.1n 100'/h lll:vk of :1 W Cilni 

having a thickness ofJ70 nm :ire l;illlinatcd thereon. The 'T'aN fillll is frnmcd by spuucring 

using ·ra a:; :1 t:Jrgct in an atnwsphcrl' containing niu·oge11. 'fhc W f'i.lm is r<mncd by 

sputtering using W a:; :i t<Jrgct. 'fhc W film CHI aho be formed by t.ht•rm:d (:VD 11.sinr: 

tungsi;cn hexafluoride (WF,;). In ;my c1.1c, it is required to lower a 1-csistancc in order to use 

10 the W fll1n as :1 gate clccrrnde, and iris desirable rh:.n :1 resistance n11:io of rhc \Y/ film i.s 20 

µ.£km or 1.css. ·rhc rcsist:rncc r:nio of the \Y/ film can be !owned by cnhrging crystal gc1ins 

thereof. llowcvcr, in the C:.1Sc where there arc a nu1l1ber o( irnpurit:y cknwnts oi1ch <JS 

oxygen in the W film, c;ryst<Jlliz:1tion is i.nhibit:cd, and t:he rc:;isr:rncc of the W film. is 

incrcasr:d. 'fhcrcforc, in 1:hi:; embodiment:, rhc \Y/ filn1 is formed hy :;puncring using 

J 5 high· purity W (purity: 99.9999')'(, or 99.99'!{,) as a target so rhat no imp11riry m:iy be allowed 

w enter i.n the W film from a v;1por ph:1sc during t:he film formation, whereby a 1-csi:;r:rnu' 

ratio of 9 t:o 20 µ.Dem can be achit;vcd. 

In t:hi:; embodiment, the first conductive film I007:i is made of TaN, and the second 

ct.mduct:ivc fllm I 007b is made ofW. f·!owcver, the present invention io nut: limited 1:hcrcto. 

20 Both t:hc films may be formed of <111 clement: selected from Ta, W, Ti, Mo, Al, Cu, Cr, and 

Nd, or an :1lloy material comaining rhc element: as it:S main cornponcnt or a compo1md 

nrntcrial. A semiconductor film such as a polycrystalline silicon film doped wit:h :in i.1~1purity 

clement: such as phosphorus may also be used. Funhcrm<m~. dw fr,l!owing colllbin:11:ion 

m;ly be USCd: the first COnducti.VC fiJm ll1:1dC of ;J tantal.Unl (fa) f'ii.m and thL' SCCOnd 

25 conductive film m.adc ofa W Olm; the first conductive film made of'a titanium nitride ('T'iN) 

film :ind t:hc second conduuivc f'ilm made ofa W film; dw fir.11 c<..mductivc film ni;.idc of':.1 

tantalum nitride CLiN) fllm and the second conductive fllrn 111adc of ;n1 Al film; the Cirst 
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conduct:ive fllm nuck of tantalum nitride CfaN) film and the .1cccmd cunductivc filin made 

of :1 c:u film. 

'fhcn, masks I 008:1 to I 0 I 2a made uf a resist: arc formed hy photo Ii thugraphy, :11H.I firsr 

etching processing f()r fr)rn1ing c!cct:r'Odt~S ar\d \Viring is cnnduci:ed. 'll"le (irst: etching 

.5 processing is conducrcd as fi1v :.md second etching cornlirio11s. In rhis crnbc"limcnt, under 

the frrst: etching condirion, crching is conducted by an indunivcly coupled plasma (IC:P) 

etching method, in which plasma is generated by using c:i:.,, C.:1 1, and (J1 as etching g;is (flow 

rat:c: 21i/25/10 (seem)) wit:.h :n1 RF power (U.56 MHZ) of500 W supplic.d to a coil-sk1pcd 

dcctrodc at. a pressure of I l':L A.s rhc c1.ching g:1>, chlorine type gas such as CJ,, l.\Cl1, SiCl,1, 

10 :rnd CCl,1 or fluorine gas such'" CF.,, Sl:6 , and NF_,, or O, c:m be appropriately used. I··kre1n, 

a dry etching :1pparatus (Model E645- ICP) 11sing ICP produced hy M:1t:<ushi1:1 electric 

Ind11srrinl Co., Ltd. is 11s\,d. An RF power (lJ.56 MHZ) of 150 W i.s al.so applied 1.0 rhc 

suhsrrat:c side (sample stage), whereby a substantially ncg:-11.ive self"bi:1' voltage is applied 

thereto. Under the first etching condi1.ion, the W film is etched and end port.ions o( rhc flrsr 

1 S cond11crivc layer arc tapered. Under the first c1.ching condition, :m c tch i ng r:nc with respect 

to W is 200.39 nm/min., an ei:chin1; rare with respect t:o TaN is 80.32 nm/min., ;ind a 

sdcction ratio ofW with respect 1.0 ·raN is about 2.5. Furthermore, under 1.hc f'irs1 uching 

condition, a taper ~mgk of\'(/ becomes about: 26'·'. 

'fhcrc~ifrer, withou1. removing die masks l008a w lO I Za rn:.1<.le of'' resist, crching i1 

20 conducted frlr ~1bo11r 30 seconds under die second etching condi.rion, in which plasma is 

generated by using CF4 and Cl_, as etching gas (flow rare rat.io: 30/30 (sccn1)) with an PJ' 

power ( L3.56 Ml·IZ) of 500 W supplied t:o a coil~.1k1pcd clccrrodc at a pressure o( I. F'a. __ An 

RF power ( 1.3.56 MI-IZ) of20 Wis alw applied to the subs1rmc side (.1:11nplc st:1ge), whereby 

a subsramially negative scl(hias vol1;:1ge is :1pplicd thereto. lJndcr the second etching 

2.5 condition using a mixture of c:r:_, :md Cl.~ as etching gas, t.hc W (ilm and the ·raN film :.ire 

etched 1.0 1.hc s:imc degree. Under 1.hc .\eccmd etching C<Hlllirion, ''In nching r:11.c wirh 

respect:: to Wis 51l.97 nm/min., ill.ld an crching rate with respect: ro 'f:1N is 66.4-l 11m/mi1L 



!11 order t:o conduct ct·ching wilhc>ut: !t~:iving any n.::·sidu;·il un 1.hc :.~ace insulating filn1 1 1111 

etching tinle may he incrc:1scd hy :ihout 10 to 20'1b. 

According 1:0 the fir.11 ctchin1~ processing, by appropri:11cly prescribing the sh:1pc o( :i 

resist mask, rhc end port.ions of' 1.hc first conductive layer :11H.I 1.he :;cconcl 

5 conductive layer are l'<Ipncd due rn rhe cffcc t of a bias vol tagc applied to the :;1.il.1:;tratc side. 

The :rn.gk of the taper ponion 1n:1y he 15 to 45". 

Thus, conductive byers JOU to 1017 (first condllctivc layers lOLla 1:0 1017:1 :md 

second conductive layers lO!Jh t:o 1017b) of a Ci.rst shape compo:;cd of fir:;t conductive 

layers and second conductive hycrs arc formed by the Or.1t etching processing (Fig. 101'\). 

10 ··rhc wi.dt.h of the llrsr conductive layer in the channel lcngrh dircct.i.on corresponds m Liw 

first: width shown in abow Embodiment modes. Ald1<lugh nor shown, regions of the 

insulating film 1006 t:o he a garc in:;11l;iting film, not covered wirh. rhc cundllctiw byers 

1013 to 1017 ofa first shape, arc etched by ahom 10 1:0 20 nm to be thin. 

Without removing rhe resist: ma:;b, the first doping processing is u>ndlletcd, whereby 

15 an impurity derncnt providing an rHyJW is ;llldcd w the semiconductor layers (Fig. l8C). 

T'hc doping 1m.lCc>0ing 1.nay be conducrcd by ion doping or ion imphntation. lon doping is 

conducted under t:hc cornlit:ion:; of a dooe amount: of l x 10" to S x lO";/un·1 :Hid :HI 

accekr:n.ion voltage of60 ro 100 kcV. In rhi.s embodiment, doping is condllct:cd at :1 <.kw' 

amount of 1.5 x 10 11/cm2 and an accclcrati.on voltage of80 kcV. As the irnpuri1y clcrnc111. 

20 providing :111 n-typc, an clement belonging to Ciroup XV, typically, phosphorus (l') or 

:n-scnic (As) is llscd. H.erci.n, phosphorus (P) is used. In this UL\l', t:hl: condllctiw l;iycro 

IOU to 1016 function ;1:; m;isks with respect: t:o t:hc impurity ekmcn1 providing an 11-1.ypc, 

whereby high~concentration ini.puri1y regions 1118 10 1121 me f(mncd in a selralignn1c111 

m~mncr. An impurity ekmcnt imparting an rH.ype is added to the high-·concentration 

25 impurity regions l l Ul to 11.21 in :1 U)n(.ct:ntration of Ix I Ow to 1. x i(J'- 1/cn1 3 

'T'J.1en, \vi1:hour rcrnoving the resist n1;:1sks 1 second ct.chin:.~ procc:ssin:.~ is cunducn .. ~d. 

lkrcin, etching is conducu'd frn 25 :;cconds by using SI\, Cl:,, :rnd O, as etching gas (lluw 
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rate ratio: 24/12/2'1 (seem)) with ;in J\F power (13.56 MHI'.) of 700 W supplied to :i 

-· 

coil"skqicd electrode :u ::1 pressure of I J 1":1 to thereby W"H:r:itc plasin:i. An RF power 

( Ll.56 MJ·IZ) o( 10 W is :.ilso :ipplicd rn the substr:nc side (sample st:igc), whcrchy :i 

subsrantiillly negative scl("hi:is vol1:1ge is :1pplicd thereto. In die second etching processing, 

.5 an etching r:Hc with respect m \Y/ is 227 . .3 nm/min., an etching rmc wi1h rcspccr to 'L1N i.1 

.32. l nm/J.nin., :ind ;1 selection ratio of \Y/ with respect t.o ·raN is 7. l. An etching r:itt' with 

respect to Si()N t.har is the insulming f'ilm 1006 is J'l.7 nm/lllin. In die c:w~ of using SF,, :.LI 

t:hc etching g:1s, a selection ratio with rcspccr 1.0 the insulai.ing Cilrn IOO<i is high, so rh:n :i 

decrease i.n a film thickness can be suppressed. 

lO 'T'he taper angk o( 1.hc second conduct:ivc layer (W) hcColllCS 70" in the second 

etchi11g proccssin.g. Furt:h.cro.-iorc, in t:h.c scc<"Jn.d ct:chi.ng proccssin::~ 1 scc(>r11..I conduci:ive 

layers l l 22b to I l 26h arc forincd. (ln the other hand, the first. conductive layers arc hardly 

etched t:o frmn !lrst: condunivc layer.> l l 22a to 1126:1. In :1<ldit:ion, 1.hc masks frolll rcsisr 

1008a to I 0 I 2:i ;lrc changed its shape into 1.nasks from resist: l008b to lO l 2b by the second 

J 5 etching processing (Fig. 181)). Alt.hough not shown, actually, t:hc width of rhc f'irs1 

conductive layers is narrowed hy about. 0.15 ,um (i.e., about. 0 . .3 /.l-lll over the tot::il linc widrh) 

compared with the si::-ac lwfr.m, rhc second etching pnKcssing. FmrlwrnH1rc, rhc width of 

the second conductive layer in 1.hc channel length dirccrion corresponds ro 1.hc second 

width shown in Embodiment. modes. 

20 'fhe electrode frmncd by the i!rst conductive layer 1l22a and the second conductive 

layer l l 22h beco1ncs the n-channd 'I'Ff type gate elect.rode of the C:MOS circuit. formed 

in the frJ!lowing Srcp.1. 'T'hc eknn"k fornwd by doc firsr ccnH_h1ctivc layer l l 25:i and the 

second conductive l:iyer I I 25b becomes an clccrrodc of 1.hc storage cap:icitor ((inned in 1.hc 

following steps. 

25 It is also possible 10 use CF.,. C::l 1, and 0 1 as the etching gas in the second etching 

proce::;:-;ing. In t:his case, etching rn.ay he con.ducted by generating p!:Jstr1a under :l flo\.v ral'c 

ratio of 25/25/10 (seem) wirh :in RF power ( 13. 56 Ml!Z) o('iOO W supplied 10 :i coil-shaped 



ckct:n>dc :H :1 pressure cl I hi. An RI' power· (13.56 MHZ) of 20 \'I/ is aioo applied\() the 

subst:rat:c side (s:1mplc stage), whereby 11 subsrani:ially negative self bias vol1:1gc i.s applied 

t:hcrno. In dw case of usini.: CJ'.,, (.:I,,, :tnd (),,:HI nching r:Hc wirh rcspccr 10 \'I/ is I. .'.•f.6Z 

nm/min., :rn etching rare wirh respect 10 'T:1N is 20.67 11111/111111., :md 11 selection r:11i<> "fW 

5 wirh 1-espcn to 'T':1N i.1 6.05. 'I"h11.1, i:hc \'I/ Olm is selenivdy etched. l'111·dicrn101'<\ in rhis 

u1sc, rhc regions o( the insulating f'ilm !006, not: covered wirh rlw comlunivc layns 1122 

t.o l l.Z(i of a first: shape, :ire etched by about 50 nm t:o he rhin. 

'l'hcn, alter rc1noving the rc:;i.1t masks, second doping processing i:; c1.11lduuvd to 

obrnin :1.1t:alc shown in Fig. I<);\. [)oping i.1 conducted using rhc second cm1duniw l:1y<,rs 

I.0 l l22h 10 I I 25b as masks wi1h respect rn an impurir.y clement so th:H die illlpuriry ckn1cn1 

i8 added ff) the scmiconducror layers bdow the raper poniu110 of the (irs1 CO!lducriw l:iyns. 

In this embodiment, phosphorus (P) is med :1s the impmi1y ckmcnt:, and pl:1:;m:1 doping is 

conduci:cd under the doping condi.tions o(a dose an1or111L of l.5 x !01',./cm 2
, :rn. accclcrati.on 

volt::igc of 90 kcV, :m ion current den:;i1y of 0.5 p.A/cnl'0, phusphinc (!'Hi) 5% hydrogen 

J .5 dil.ute gas, and a flow rate. of .'JO seem. Thus, low-conccnu:uion impurity regions 112/ 10 

11.36 :lrc formed so as robe overlapped wirh i:hc fin;t conductive layers in :.1 sclf<dignnicnt 

manner. The concent.rmion of phosphorus (P) mkkd 10 i:hc low.-concc11ua1 ion impmi1y 

regions l 127 to 1136 isl x IO'' 1.0 I x I 019/cm2
, and 1.hc low"(:(mccnt:ration impurity regions 

l l 27 t:O l J..36 have a conccntT:nion gradient in accordance with rhc rhickness o( the taper 

20 ponions of the first conduuiv\' layers. In t:hc scrnicondunor bycr overlapped with dw wpcr 

ponion of t:hc first conductive layer, an impurity conccmrn tion (P ccmcc111:ration) ckcrcascs 

11,r:1dually from t:hc end of t:hc taper ponion of the first conductive l:iycr inwardly. M.orc 

specille<1lly, in t:hc sec.om! doping processing, a uinccntT:Hion disui.bution is f(lnnccL 

Furthermore, an impurity clement is alw added t:o t:hc high·vmccntrarion i1npuri1y regions 

25 l J.18 10 I 1.2 l to form higlH:onccnt:ra1.ion impurity regions 11.37 10 11 'f'). 

In this embodiment, the width (in rhc channel lcngd1 dircui"n) ul.1hc t;ipcr poriion 

is prcicrably :it lcas1. 0.5 /.llll or lliore up to a 1.w,.gc o( L3 rmi rn 2 J..1.m. Thc:rckirc, although 
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influenced hy a thickness, the width in t:hc ch:rnncl length direction o( the 

IJ)1,,v.-conccntration irnpuri.1.y rcr~ion having (l conccn1.ra1.ion gradicn1· is not: beyond (l Llngc 

o( I.51m1 t:o 2 rnn, either. Herein, :ilt:hm11~h the high-cm1u:i11ntinn in1p11ri1y rcgitms ;ind 

dw low··concc1\l.ration illlpurity 1\'1',ions arc shown .separately. 1\nually, t:l1crc is tH> ck:ir 

.5 border thcrclwtwccn and regions having a conccntr:Hion gradicm ;ire formed. Similarly, 

there is no clear border bctwe1'n t:hc channel forming regions ;ind the h>w--conccntr:Hion 

irnpurity regio11s. 

Then, rhc region other than the pixel ponion :ire covered hy the 1nask Ji-J-(i :md third 

etching processing is conducu•d. ·n.1c mct:d plate, the glass pl:11c, rhL' cuamic phu.· :Hh.l the 

HJ ceramic glass plat:c cm be used t:O rhc mask H!i. 'The upper view 01· rhc tn:isk 141.i is shown 

in Fig. 16. In rhc third crching prncc.ssing, rnpcr ponion.1 of the f'irst conductive l:iycrs 

which arc not: overlapped wid1 the mask 146 arc selectively conducrcd dry etching t:o 

eliminate regi.ons ovcrbppcd with impurity regions o( tlw sc1niconductor l:iycrs. "The third 

ct:c.:.hing pl'()cessing i.s conducted by using :-in J(~:J) et:chi.ng :·:ipp:.1r:ltus, using, ::1s etching g;:is, 

1.5 Cl, having :-1 high sekcrion ratio with respect: rn W. In t:his embodiment, etching is 

conducted frir .30 seconds hy generating plasma, using Cl_, with a flow rate ratio o(80 (seem), 

with an RF power ( IJ.56 MJlZ) of' 350 W supplied to a coil~shapl:d electrode :H :.i pressure 

of l.2 Pa. An RF power ( U.56 MHZ) of 50 Wis also supplied ro rhc suhstr:nc side (s:nnple 

snigc). whereby n suhst:intially negative .self,bias volt.age is :1pplicd rhcrcto. In the third 

20 etching, first conductive l:1yc1·> J. l24c and I l 26c MT formed (Fig. I 9Ll). 

An example ofcondueting :.1 t.hi.rd etching prrn.:css i.s .show1.1 in this crnboditnctH. 'The 

third etching process is not conducted if there is no need to conduc.:r. 

'T'hcn, as shown in Fil<· I 9L), ;.11.1 impurity clcincnt: added ro each semiconductor L1ycr 

is activ;1t.cd. ·r1w activation is cond11crcd by thermal :mnc:liing using an oinncaling C11rn;1cc. 

25 "fhermal annealing may he c<>nducrcd at: 400 to 700'-'C, typicrlly 500 to')')()"(: in a ni1rogcn 

:wnospherc having nn oxygen conccn1r:nion of I ppm or less, prcft:r:.1bly O. l ppm or less. 

ln this embodiment, :Ktiv;uiun is cond11ct:cd by heat u:UHllH'1H :n -J50''C'. lrlr four hour.\. 



lnsread of" therm.al annealing, l;iH:r annealing or rapid thermal :mnc:iling (l\'rA) crn he 

applied. 

"flmugh 1101 shown in 1.hc dn1wing, rhc impurity ck1ncms :ire di1T11scd through the 

activation 1Tcaunen1: to 1hc1diy erase the border between the rH.ypc in1p11ri1y regions (luw 

5 concentration) and rhe impurity regions (high conccnn:Hion) alnmst cornpll'1.cly. 

ln this embodiment, :n the s:Jnie time as the above-mentioned activation, nickel used 

as :J catalyst during crysrnllie:Hiun is gt: rte red in the impurity region coiu.:1ining phosphorus 

of high conce1Hr:Hion, whereby a nickel. concemration in the scmiconduct.or layer mainly 

to he a channel fonning region is reduced. In a TFT having a ch:rnnd f(irming region 1hus 

10 produced, an OFF current value is decreased :ind uystalliniry i.1 smisbci:ory. 'T'hcrd(irc, a 

high cl.cctric field c!frci: mobility is obr:iincd, ;ind sat:isfoctory ch:1r:1c1:cristics can be 

achkved. 

Nexi:, he:H; 1:rc:1rmcnt is conducted in a hydrogen atmosphere so :1.1 robe hydrogcn:llJ:d 

rhe .semi.conductor layers. Pl:isma hydrngcn:nion (11.1ing hydrogen cxciu:d by plasma) can 

15 be used as ano1.:her m.cthod of hydrogenation. 

ln the case of' using laser :mnc:iling as die :1ctivation, it: is cksirahlc t:!rnr lasn lighr such 

:1,.; excinwr laser and Y AC! laser is radiated afrcr rhe above hydrogenation, 

Next, a plating process operation is carried out with respect rn hod1 tlw surf:icc of rl1c 

source wiring line 11.26 of the pixel portion, and t:hc dccmxlc surface of dJt' rcnninal 

20 portion. Fig. 7 A shows an upper view of the active matrix t:ype liquid crystal di>pl:ty device 

just: afrcr die plating process opcrarion is carried and Fi;.i. 7B indicat:cs a sectional view 

thereof. In Figs. 7 A- 7B, reference numeral 400 indicat:cs a terminal ponion, and reference 

numcnil 'to I. represents an cl.ccll:odc which i.s connccrcd to an cxtcrtrnl rcnnin:il. Also, k1r 

the sake of simple cxpl:rn:nions, Figs. 7 A-?r\ indic:1t:c one TFT provided in rhe drive circ11i1: 

2.5 portion +02, cind only the source wiring line l l.26 is indicated in tlw pixel poriion 'f03. In 

this cm.bodiment:, rhe plaring process 11pcr:Hion was carried 0111 hy c1nplnyin1~ the cuppcr 

plating fluid (m:mufacturcd by EEJ!\ "M!CROFAB Cu2ZOO"). i\s indic:1rcd in one 
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cx:Hnpk of Fig. lO, when thi.s pl:uing p1.·occ" opcr:11.ion is c:1rricd out, cidwr wiring I inn or 

clec1:rodcs, which will be pl:ncd. :ire coupled 10 c:1ch other by crnployin:: :1 dummy p:111crn 

so as 10 becrnnc 1hc .1:1mc p<Hcnti:ilo. \Xlhcn the .1uh.1t:r:i1c is cut: out: in 1hc succccdin1~ srcp, 

the adjoining elcurodcs arc cu1. our so as 10 he "'fi:inncd 1·rom c:Kh ell her. Al1crn:11ively, 

.5 a shon,circuit ring may be formed by using the dummy pmt:ern. 

Next, a first interlayer insulal"ing film 115.5 capable of covering the source wiring line 

c.>( the pixel is f('lr1ned. As this flrst: int:cr!;-Jy(~r ins11l;1tin1!, f\1111 11 r5r5~ an inc.}rg;111ic insuL11·in1-~ 

film mainly containing silicon may he employed. 

Next, a second irnerlaycr insul:iring Cilm 11.56 made o( an organic insuLning 1n:m::rial 

10 is formed 01.1 the first: interlayer insular:ing film 1155. In 1his crnhodimcnt, an acrylic resin 

fllm having :1 thickness o( l .(i 11.rn w:.is frmncd. 

Next, a pixel electrode 11. 4 7 1m1dc of a r.r:rnsparcnt: conductive film is pat.terned 011 the 

second interlayer insulating film by employing a pho1:01nask. As the tr:rn.1parc111: cond11c1:ivc 

film which cons1.:in1ws rhc pixel electrode 1147, for insr:mcc, ITC) (alloy made of imliun1 

15 oxide and tin oxide), an alloy made of indium oxide and ;cine oxide (ln/) 1 .. lnO), zinc 

oxide (ZnO), :md the like may be employed. 

Nexr, while i:hc second insul:ning film is selectively etched hy ctnploying the 

phot:om~1sk, :1 co111:~1ci: hole which is rc:IChcd 1.01.hc respective i.m1n11.·ity regions (l JJ7, 1138, 

l IJ9, l 140, 1151., l 153, 11.44) is formed; another con.met hole which is re:iched to 1.he 

20 source wiring line 1126 of the pixel portion is frmncd; and another comact hole which is 

reached rn the g:nc clcct:rodc 1124 is formed; and also, :mother cont:Kt. hole which is 

reached to the electrode 1 l25b i.1 fimm;d. 

Next, electrodes 1157 1.0 1160 which arc clcct:ric:dly conneuc"l to 1he respective 

impurity regi.on~ ( 1137, I I 38, 1139, 1140), and a source wiring line of 1.hc drive circuir arc 

25 formed; elcct:rodcs 1150 and 116:3 wh.ich arc electrically conncued ro bod1 1.hc impurity 

region 1144 :rnd dw imp11riry region 1153 :ire frmncd; :111 electrode (co1rncc1.ion ckc1rodc) 

1161 is frJrmcd which clcnrically connects 1.hc impurity region I 151 which ctms1:i1111cs a 
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S()Ui'CC region t:o the s<.H.1rce \Viring !inc l 126 of r:he pixel port·ion; a g;11:c \vi ring line l l6Z 

which is electrically connected to t.lw g:lle dcctrodc 1124 is formed; and also a capacitor 

wiring line l l<i9 which is ekcuically conncucd to the clcc1rodc 1I2'ih is f<mm:d. 

!\lsu, a pixel elcnrode 1147 is electrically connccr.cd m the· impurity region 11 'i l oi" 

.5 the pixel 'Il'T 206 by such an clcurnde 116.l which is 11rndc in rnnt:ict with :rnd is 

overlapped with thh pixel electrode 1147. Also, this pixel electrode 1147 is dccrrically 

connected t.o the impurity rc1,ion 11 +4 of the holding cap:1citor by :mother elect.rode 1150 

which is m:idc in contact with and is overlapped with the pixel dcnrndc 11+7. 

/\lso, in rhio embodiment, such an example is shown rh:ir the clecrrodcs 1.150 and 

lO 116.3 :He formed after the pixel elcc1:rudes h:ivc been formed. i\lrcrnativcly, 1hc u)n1:1cr: 

holes arc frmncd and the electrode is funned, and therc:.ifrcr, rhe pixel electrode 1n;1dc o( the 

trarnparcnt: conductive film illay be formed in such ;1 m:lllllt'r tli;.11 this pixel electrode is 

overlapped with this clccr.rodc. 

Abo, the irnpuriLy clements capable of' applying the 1Hypc arc added rn the rcspcnivc 

15 i.inpurity regions 1135, 1136, I l 1H, 1.145, which may function :10 one ckc1:rodc of a holding 

capacitor. 'f'his holding capacitor is f('lnncd by electrodes 1 U5a and l l.2.5h connected to 

the capacitor wiring lint• 1169, :.rnd :ilso by :i scrnicond11c1or byc:r, while :.m insul:11in11, film 

1006 is used as a dielectric nH.:mbcr. 

While the above-described manufocrnring method is carried out, horh the drive circuit 

20 and the pixel pon:ion 205 can be formed on the wmc subs1r:11:c. ·r1w drive circuit contains 

the NMOS circuit l lB2 constructed of'rwo n-channd type TFTs 11 ilO ;rnd J li.l l. Th., pixel 

porrion 205 conrnins the: pixd ·rrr 206 matk of the rH:hanncl ·rF'r 20<i and the holding 

capacitor I. 1.83 (sec Fig. 20[)). It should he noted that: such a subsuarc is referred to :is :1n 

"active rn:nrix substrate" in this specification, for dw s:1kc of convenience. 

25 ln addition, the EEMCJS circuit is .>1 .. rncturcd shown i.n Fig, Ll!\ hy using 1wo n, 

ch:H11wl 'fl"I' in this cmbodirncn1. 

Fig. 22 is :m upper view f<ir indic:Hing the pixel ponion uf 1hc anivc rrn.11rix suhsu:nc 



m:inufocrurcd in this cmhodirncrn. [1. should al.so he 1101.cd th<H 1.hc s:.imc rcfcrc:ncc 

numcnds shown in Fig. 2013 me employed as those for i.ndic1Un1.; 1hc s;imc. 'fhc doucd line. 

A,A' shown in Fig. 201\ corrcsponclo 10 :.1 ":ct.ional view, t:ikcn :drn11: :1 doncd line;\./\' in 

Fig. 22. The dou-.cd line rqy sli<1wn in Fig. ZOE\ corresponds LO'' sectional view rakcn ;dong 

.5 a cl<)tt:ed line 13~13 1 

()f Fig. 22. /\.I.so, Fig. 21 is ;:u1 upper vi.e\v of t:hc ;1ct:ivc 1nat·ri.x suhstr;.itt~ 

obtained just after the source wiring line 1126 of the pixel is founcd. 

'l'lw pixel strucrurc of 1.his embodiment. is 1nanufocrmcd in such ;-1 n1anncr rh:it: while 

~'black marrix is not: employed, an edge ponion of 1hc pixel electrode l 147 is :nr;mgcd rn 

be overlapped with t:hc souru: wiring li.nc l 126 in order 1.0 shield sp:1ccs :,rnHmg 1.hc pixel 

10 clcct:rodes. 

Also, in accordance wi.ch the st.cps shown in rhis unhmli.1ncnt:, a t:ur:il m11ubcr of 

phot:ornasks whi.ch arc rcq11ired t:o 111nnufoc1:11re 1.hc active inat:rix s11bsrn1rc could bccon1c 

five. 

A description will now be made of steps by which :m active rnau-ix. type liq11id cryst:1I 

I 5 display device shown in Fig. (i may be ni:m11foci:urcd according IO Enihudirncnt I from this 

active m:n:rix subst:rat:c obtained. 

[Embodiment 11] 

In such a case of n~channd 1.ypc ·rFr shown in Embodinu:nt: 10, clci.nc1us belonging 

t:o the group XV in t:hc periodic rablc (prcfonibly, phosphorus) or dcmcnt:s belonging t:o die 

20 group XI![ in rhc periodic t:ablc (prcfr:r:ibly, boron) rn:1y be added to the semiconductor in 

the channel forming region to sekuivcly fobricat:e t:hc cnh:.mccmcn1. type and depletion 

type. 

In a case where an NMClS circuit: is formed hy combining du: rH:hanncl TFrs, ir is 

formed as a combinarion of cnhanccmcnr-typc T'F'rs (hercin:ifrcr rckrrcd t::o :.is "El_:MClS 

25 circuit:") or :i combin;Hion o( dqilct:iorH.ypc and cnl1;ir1ccrncnr·ll'!"' 'fFT's (l1crcin;t1'1cr 

n:forrcd 10 as "EDM()S circuit"). 
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Fig. 2.3A :;hows an example o( the EEMOS circuit, ;md Fi;,. t.lB show:; :tn cx:irnpk of' 

dw EDMOS circuit. l':;ich ofcun1puncnts J land .'32 shown in l'i:.~. t.li\ is an cnhatKcmcnt .. 

typ ofn .. channcl ·rrr (lwrcina!'1cr rcforred IO a:; E-typc N'TFr). C:o111pcmcn1s n shown in 

Fig. 2.31:) is an E-typc N'lFT and .H is a tkpluion 1ypc o( n .. channcl 'TFT' (hcrcin;ifrcr 

5 referred to ;1.1 D~typc N'fFl), respectively. 

In Figs. 2.3A and 2.3B, VDH designates a power supply line 10 which a positive voltage 

i:; ;ipplicd (positive power supply line), and v,"· dcsign<itcs a power .\upply line to which'' 

negative voltage is applied (negative power supply line). The 1wg:nivc power supply line 

may be a ground-potl'11ri:il power .11.q1ply line (grounded power supply line). 

10 Figs. 24A-24B show an example of a shifr register formed hy using the EEMOS ciru1it 

shown in Fig. 2JA or the EDMOS circuit. shown in Fig. 231\ Portion.) 40 :md 'f I o( Fi:-:s-

24A~24l3 arc flip~flup circuirn. Com1JC111erHs 'f2 :ind 4J arc E-typc· N'TT'fs. A clock sign:il 

(CL) is input. to i:he gate of the E-t:ypc N"IT'r 42, and a clock sign;1l (CL-h:ir) of the opposit:c 

polarity is input to the gate of dw E-type N'T'Ff 't.3. A symbol indicated by 44 rcrm,sents 

15 an invert:er circuit. To frirm this invert.er circuit., the EEM()S circuit shown in Fig. 2.lJ\ or 

the EDMOS ci.rcuit shown in Fig. 23B is used, :.is shown in Fig. 2+B. Therefore all of' drive 

circui.t:s of the display device can be all structured by rHchanncl type 'TF'l'. Nore, rdcrcncc 

nunH'r:,il 'f5 indicates ;m NANI) circuit:. 

Furt:hcr, this embodiment: c:rn be freely combined wi.t:h any -11ruu.urc:; cl Embodiments 

20 2 to 10. 

[Embodiment l 2 I 

"fhc drive circuit. and 1.hc pixel port:i.on i.n accord:mcc wit:h t:hc present: invcnt:ion cin 

be u:;cd i.n various n1.odules (active rn;u:rix type liquid crysral 1.nodulc and active m<.ll:rix type 

EC: module). In 01.hcr words, the present: invention c:m Ill: applied 1.0 all o( rhc ckct:ronic 

25 equipments having these modules as 1hc display ""·:1:io11. 

'T'hc f()JIO\ving can. he give-rt as cx~.1n11Jlcs of rhc cll~Cl."ronic cquip1ncnt: video ca1nvr;1s; 
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digital c111ner;1Si h1.;~;1d rn<.)unrcd displ;1ys (goggle type di0plily); car nnvigarlon. syst:crn.~; 

projcct:ors; e<lr srcrco; pcrson:1l uJmpurcrs; port.able infonn:nion 1crn1in:.1ls (such as rnuhik 

cumpllters, portahk telephones and electronic notebook). An cx:implc of' rhcse is siHlwn 

in Figs. 26A to 27B. 

5 Fi.g. 26A shows :1 ricrwn:li co1npu1:cr, and it: includes a main body 200 I, :rn im:1gc input 

sccti.on 2002, a display ponion 2003, and a keyboard 2004. 'Ilw present: invcni:ion is 

applic:ilile to rhe display poni.on 2003. 

Fig. 26B shows a mobile cornp1.Jtcr, :md it: includes a rnain body 2201, a ca1ncr:i section 

2202, an image receiving section 2203, operation switches 2204, and a ,Jispl:iy portion V0.5. 

10 The present invention is applicable LO the dispby ponion 2205. 

Fig. 26C: sl'lO\VS a pl.ayer t1:;ing a recording n1ediunl vvh.i.ch records ::1 progran1 

(hcrcinafrcr referred to a:; a recording medium), and it includes a rn:.1in body 2+0 l; a dispby 

port:ion 2'1.(12; a speaker scci:ion 2403; :i recording medium 2'104; and opcr:nion switches 

2405. 'T'l1is player uses !)VI) (digital versatile disc), CD, ere. frir the recording medium, and 

15· c:m be used for music appreciation, fil1n appreciation, games and Internet. 'fhc p1.-cscnr 

invention is applicable to t:he di.splay portion 2'102. 

Fig. 27 A shows :1 ponahlc book (electronic hook), :md ir includes a main body JOO I, 

dispby portions 3002 and 3003, a recording medium 3004, operation swi.tchco 3005, and :.m 

:mrcnna 3006. 'T'hc present invention can he applied to 1.hc display portio1v; .3002 and 300.3. 

20 Fig. 2 7B shows a display, :md it includes :i m:1in body J 10 I, :1 support st.and 3 I 02, and 

a display portion 3 lO:l. 'flw present invention can be applivd 1.0 the displ:iy portion J 103, 

which is \'qua! to or greater than I 0 to 50 inches in diag<Hud. 

'fhe applicable range of the present invention is thus extremely wide, and it: is possible 

to :1pply the prcscnr invent.ion to a 111:urnfr1ct:uring method of electronic equipments in all 

2.5 fields. Further, the electronic equipment of dw embodiment: 12 can he realized by using a 

const:it:ut:ion of any combination of the crnbodimcnt:s l 1.0 1. I. 
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[Embodiment: lJ j 

Rckning now t:o Fig. 28A t:o Fig. 30C and Fig. 32, a description will now lw 111:1ck n( 

:m cml"idimcnt: oft.he present: invcmion. In this embodiment, a met:lmd f(Jr rnanuC:icrnring 

a liquid crystal display device is indicated. Such a mcrhod by which a TFr o(a pixel portion 

.5 is formed on :1 sub.11ratc in an inverse stagger type, and a holding capaciror to he ccmnc:crc:d 

to the abovc-dcscribuI 'I'FT is m:rnufiKturcd, will now be explained in dctai.l in accorcLmcc 

wit:h st.cps. Fig. 28A to Fig. 30C represent, at t:hc s:1mc tinw, :1 tyrrnin:1I pon·ion in rlw 

manufr1cturing srcps, which is dcctricilly connccred 10 a wiring line of' :-1 circuit provided 

on anmhcr suhs1rn1c. 'This subst:rate provided on an edge portion o( the substrate. It should 

10 be noted that sectional views o(Fig. 21.lA to Fig. JOC co1-rc1p<md tu :1 scnion:il view, 1:1kcn 

along a line A·A' of Fig. 32. 

Fir.it:, a semiconductor display device i-> m;mufocturcd by employing a .rnbs1r1.nc 4100 

having a light: t:r:msmis->ion ch:1r:1ct:cristic. As a usable substrate, such glass subsrr:ncs a.1 

bari.um borosilicate glass and alumina borosilicmc glass m:iy be employed, which arc typically 

15 known us f/7059 glass and ill 73 7 glass, manufonurcd by Corning lnc. Such a suh:;1r:11c 

having a light t:r:insmission ch:1rnncrist:ic known as a quartz substr:nc :ind :J pl:isric sullSlr:ue 

may be employed as another substrate. 

Afrcr ;i conductive layer i.s formed over an cmirc surface o( the abovc--cxpl:iincd 

substrate 4100, :1 first litl1ogmphy srep is canicd out, a resist 1n:nk is f(Jn1wd, and an 

20 unnecessary port:ion is removed by way of an etching pnJCcss opcr:H:ion, so 1h:n both wiring 

lines and electrodes (namely, source wiring line 4102, garc clccrrodcs 4 J.0.3 and 4 l 04, 

holding capacitor 4105, and tcnnin:11410l) arc frmncd (sec Fig. 28A). 

'fhc above-described wiring lines :md cknrodcs may he 1nanufocrnrcd from m:Hcrial.s 

of such :m clement selected from 'fi, 'l'a, W, Mo, Cr, Nd, of :111 :1lloy which contains the 

25 :1bovc~cxplaincd dcmcnt:s, or of nitrkk which contains the ahovc,dcscribt"l clcrnenrs. 

Furthermore, plur:il scrs of rl1csc clements which arc sclccu:d from 'fi, ·r:1, W, Wo, Cr, Nd, 

plur:-il .1c1.1 of these :dloy.1 con1:1ining rhc :1bovc--cxplaincd clcrncnt:s, or plural sets of nilJH.k 



containing 1.:hc above-explained elen\cnt:s may be stacked as rh.c ni:Hcri:ils of 1hcsc wiring 

lines :md electrodes. 

Next, both n Cu !!Im 4 l.06 and another Cu illtn 'l I I 0 :He t(mncd un ho th :i source 

wiring line 4102 :ind a tcnninal portion 410 I hy executing :1 pl ming llKthod (stT Fig. 28ll). 

5 By coating the somcc line wid\ 1hc copper film 4 l.06, the wiring resistance can be 1.b:rc:1scd 

and it is possible m lower the power consumption of the display. This i.1 adv:mt:agcous when 

t:hc diagonal size of rhe pixel portion cxce1"is 5 inches inasmuch as 1hc power cons111np1ion 

caused by the wiring resistance becomes significrnr in a larger size' display. ln panic1dar, this 

is :'ldv:rntagcous when 1hc wirings consist uf'Ti, ·ra, W, Mo, Cr, Nd, :in alloy 1hcrcof,lr a 

JO nitride of these c~lcmcnrs. In this embodiment, Cu is employed as the 1ncwl (ilrn. 

Alt:crn:nivcly, Ag, Alt, Cr, Fe, Ni, Pt, or an alloy of't.hcsc clements may he crnploycd :is rhis 

mcr:il lllrn. 

Abo, c:Kh of the above-described 1nanuf;Kt.uring mcd1ods is featured by dun in die 

pbting process step,c t:hc SOltrcc wiring lines of the pixel portions ;ll"e cunncct:cd to each 

15 other by using wiring lines so as t:o become same porcmials to c;ich other. Also, the wiring 

lines which <H-C used to connect these source wiring lines so as ro become cqui-potnuial 11i:1y 

be cut out: by laser light: (CC)2 laser etc.) ;1frer the plat:inr; process operation ha.1 been 

;1ccomplishcd, or may be cut: out at the srHnc time when the .sub:;rr:Hc is cut out <li'1cr the 

plating process operation has been completed. Also, a shorr~circuir ring m:1y be fmnwd by 

20 using these wiring patterns. 

Next, an in.sub\:ing film 4107 is frrnncd over an entire surface. Whil.c a silicon nitride 

film i:; employed as this insul;ning fllm, a thickness of t:hi.s insulating film i.1 sclccrcd robe 50 

t:O 200 nm. Preferably, this insulating film having a t:hickncs:; of l 'iO nm is form1"L lr should 

be unckr.>tO<Xl that the gate insulating film is not l.im.ited to dw silicon nii:ridc film, bur m:1y 

25 be 1.nanufactured by employing such an insulating film as a silicon oxide film, a silicon oxide 

nirride film, :ind a rantaltnn oxide fll.n1 (sec Fig. 28(:). 

Next, a first: amorphous serniconducrnr fil.m 4108 having :.1 thickness of 50 tu 200 nm, 
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preferably 100 to 1.50 nm, is limned on an entire .>urfocc o( the insulating film 4107 by 

employing rlw known method such as the plasma CVD rnct:hod and the spuneri111' mctiH.ll.i. 

A.n amorphous silicon (;1,Si) film is typically frmncd, while h;iving a filn1 1hick1wss ot' 100 

nn1 (sec Fig. 21lC). 

5 Next, a second amorphous semiconductor film 4 I 09 containing one conductivity type 

(either IHypc or Jl"rype) impurity elem.em is formed, whi.lc having a thickness of 20 to BO 

nm. 'The second amorphous st'miconductor film 4109 containing the impurity clcnh'nt. 

capable of applying one conductivity type (either n-type or P'IYJJcl is formed on the entire 

surface by employing the known method such as the plasma CVL) 1.ncthod and the 

10 spunering method. In 1.his embodiment:, while a silicon 1.·;nget into which phosphon1s h;1s 

been added is employed, the .1ccond an10rphcn10 1cmicond11nor ill m 4109 conr:1ining the' n-· 

type impurity clement was formed (.ice Fig. WC:). 

Next:, phot:orcsist masks 'f205 and 4206 arc frmncd by way of a second 

photo lithography step, and t:hcn, an unnccc.1s:Jry portion thereof' is removed by way of an 

15 ct:ching proces.1 operation so as to form a source wiring line 4.3 I I. As die etching mt'1hod 

in this case, either a wet etching method or a dry etching nH't:hod is employed (see Fig. 

29A). 

In this etching step, while the second amorphous semiconductor (ilm 4 l 09 and t:lw 

first amorphous semiconductor fll 111 't I OB arc scqucnt:i;illy etched at: a place mhcr than the 

20 resist: masks 4205 and 4206, bmh the second amorphous scmiconduct:or film 4203 ;.rnd the 

fist amorphous scmiconductoi' film 420 I ;ire formed in a "fFT 4.312 of rhc pixel portion. 

Aloo, both the second ;1mcnpl101Is semiconduo:or lllm 4204 and the first amorphous 

semiconductor film +202 arc frnmed i.n a holding c1pacitor +3 I 3. 

Next, ;1frcr the resist: masks 4·205 :md +20() have been rem.ovcd, a third 

2S photolithogr:iphy step is carried our, and a resist m;tsk +207 is f(m11t"I, and also an 

unnecessary ponion is removed by way of an crd1in1>, process operation, so that both a fir.11 

amorphous sc1ni.conductor film 420/l, and second amorphous scmiconduu.or hims +ZO'J, 

75 



11-210, 4211 arc frmned (.ice Hg. 29F\). 

Ncx1., afrcr 1.hc allove-<k:;crihcrl resist mask 4207 is moved, a first imcrl:1ycr insul:ning 

f'ilm 'i-21 J made of a silicon oxide nitride film having :1 thicknc:;.s of 150 run is f(mncd hy way 

ofa plasma CV!) method in such a nutnncT that this first interlayer i11:;1d:it:ing film. 42 J.J 1nay 

5 cover t:l.1c source wirin11, line' •ll l 1, the TFT 4.3 I. 2 of the pixel portion, and du: holding 

cH1.nci1or 43 l.3 of the pixel ponion 4314 (sec Fig. 29C). 

Ncx1., a second int.crlayer insulating film 4302 h:1ving a thickness of 1..6 ;.on, which 

corresponds 1.0 an organic insulating m:iteri:il ni<Hk of :icrylic 1-c:;in i:; formed on a firsr 

interlayer insul:ning film 42 l .3 made of a silium oxide nitride nlm. In 1.his cmbodimcm, the 

10 organic insubt:ing m:nerial made of the aciylic resin is selected as the second irn.crlaycr 

insulating film. Alt.ernat:ivcly, polyimidt• and the like may Ix: employed a:; the organic 

m:11:cri:il, and furthermore, an inorg:mic material may be selected. 'fhercafrcr, while a 

foun.h phot:olithography step is canied out, a resist: n1ask 4.30 l is formed, and then, a 

conrnct: hole is formed by executing a dry etching st:ep. 'fhis vnuact hole i.s employed so :is 

1.5 t:o ekctrically connect the source wiring line 431.1 to the second :unorphous semiconductor 

film 4209. At: t:hc s:-inw t:imc, :mother conwn hole is formed which is used to clcct.rically 

connect: t:hc holding capacitor 4J lJ rn t:hc second amorphous semiconductor film +211. 

Also, anot:hcr con ta er hole is formed in a t:crn1inal pot.ion 1f3 I 0, :ind this cont::Kt: hole is used 

to dcctrically connect: t:he g:nc wiring line ro t:hc terminal ponion 4J 10 (sec Fig. JO/\). 

20 Subsequently, a transparent: electrode film such as ITO (lndium-'T'in-()xidc) h:wing 

a thickness of 110 nm is formed. T'hcrc'afrer, since both a flfth photolit.hography step and 

~m etching process step arc canicd out:, a transparent pixel electrode: 4-309 is formed (sec Fig. 

3013). 

Next, in order to fonn a metal wiring lirw, bot.ha sixth phornlithography st:cp and :m 

ZS (:tcl1ing process s1.cp :trc carried out:. A rnernl wiring I.inc 4303 is finn1cd so as to cknrirnlly 

connect: t:he source wiring line 4J I. l to rhe second :imorphous scrniconductor lllrn 4209. 

Aho, a nwt:al wiring line 4.305 is frnmcd so as to clcctric1lly cornH,ct: rhc second :mwrphous 
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scmiconducmr film 42 l l to the transparent. pixel dcctrmlc 1+:lO'). Also, a rncr:il wiring line 

4306 is formed 0<.l :1s t,o elcctric:dly cormcn the u:ansp:Jrcnt pixel clcctrcKk 1Ll09 to the 

holding capacitor 431 .3. Also, a mcu·,J wiring line 4.30il h f(mncd so as to cknric:11ly 

connect the gmc electrode to the rcrrnin:d ponion 4.310. It sho1dd nbi be noted rh:n :1s the 

.5 metal wiring rn:n.eri:il, a st.acked layer (ilrn made ol'bod1 a ·ri (ilm having a 1.hickn<\\S "( 50 

nm and an AJ,'fi alloy f'ilrn having a thickness of 500 nm may be used (sec Fi1.~. 30C). 

In the mClhod for n1an11foctming the scmicond11ct·or display device shown in the 

cmbodim.cnt: JJ, the mcn1l wiring lines are kmncd :,1ft:cr 1.hc 1.ransparcnt: pixel ckctrodc such 

as rro is f(irnl(,d. A l.Otal number nfphotolirhography st.cps by which such :1 scn1iconductor 

!Cl display device is man1.1L1cturcd :is follows is equal to the 1.ond number of 1.hcsc 

photolirhograph.y steps for the :_d.l<w<>dcscribcd manuf:ict.uring 1.nc1.hod of the embodiment: 

1.3. That: is, after the nwuli wiring lines arc founl:d, d1c t.ransparcnt pixel dccrrode such :is 

lTO is formed. As a result:, it. is pcn;sibk t:0 fonn either rhc met.al wiring lines or t:hc 

transparent: pixel dccrrodc s11ch :lS !'f() in the cbcginning of t:hc man11f:rct:uring St.Cp. 

15 Since rhe above-described phot:olirhography step:; :nc c:uri.cd out: six tinws, 1.hc 

t:rnns1.nission t:ypc scrnicond11ct:or display dcviq, can lx: 1.nanufocrmcd which is constit:111.cd 

by dw SOtn\:e wiring line 43 l l on which "Cu" is plated, the 'fFT 43 l 2 of tlw inverse stagger 

type pixel portion and t:hc holding capacitor 4313 1.hcrcof, and rlw tcnninal portion 

43 I 0. 

20 lt should also be noted that: such a 'rFr which is frmiicd by the activation bycr by t:h.c 

:imorphous semiconductor (ilrn in rhis crnbodin\cnt: h:1s a low fkJd,cffr•ct mobility, n:rn1cly 

the mohilit.y of only l cn//V .)cc could be obraincd. As a result:, :i drive circuit. frJr displaying 

an im:igc is fabricat:cd by an IC chip, :md t:hus, the drive cii:cuit: IC chip is nH)unt:cd by way 

of a 'T'AB ('Tape Auwmatcd Bonding) method, or a COG (Chip On Class) method. 

25 Also, the module m:1nufr1nured in the rcspcct.ivc cn1bodirncn1.s by ut:ilizing the present 

cmbodirrn,'.nr may he applied to :i display portion of ckct:ronic devices shown in 1.hc 

embodiment I 2. 
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[Ernbodimcnt 14) 

'flw crn.bodimcnt I l indicat.es such :ln example 1h:H 1hc transmission type 

scmiconduuor displ:1y device can he formed by performing the pl1ornlit:lwgr:·1phy steps six 

times. In accordance with this embmlitncnt. 14, a reflection type semiconductor dispb1y 

5 device may be m:rnufacturcd by executing photolithography steps five times, the method 

of which is indicated in Fig. 31. 

Since manuf:1cturing condi t:ions of' th is cmlK".lirncnt 14 :ire obwincd at the sa1nc steps 

as the manufoctming condition of Fig. JOA in t:he cmbrKlimcnt: 13, only diffrrcnt 

m:mi.ii;Kturing steps will he expl:1incd a.1 fr,llow.1: lt: should l.w urn.kr0tood that port:i<.ms 

10 corresponding to Fig. JOA arc indicarcd hy the s:mw rdcrence 1u111wrals. 

Fi.rst:, aft.er the m:m ufacturing condition of Fig. JO;\ is ohrnincd in accordanet' w it.h the 

cmbodi1ncnt U, a mct:il wiring line 4402 is fortncd by executing both the fifth 

photolirhogrnphy step and the etching process step. ·rhis met.al wiring line 4402 is employed 

so :is to clccuically connect: die .1omu' wiring line 1f}I I rn dw .1econd :1rnorphous 

15 semiconductor film 4209. At the sanie time, a pixel electrode 440 I is fr1nncd. Furthermore, 

:modwr metal wiring line 4405 which is ekctriudly connected 1:0 t:lw t:ermin;.il portion is 

frmncd (sec Fig. 31 B). 

Since the :ilJove·dcscribcd photolit:hography st.c.ps arc carried out: five times, t:he 

rdlcct:i.on type semiconductor display device c:m be m:muf:H;.turcd which is consrit'1Hcd hy 

20 dw source wiring line 4.311 on which die men1l lllm is plated, 1.hc inverse st:iggcr type TFr 

4312 o( the pixel portion 4.314 and the holding capacitor 43 U thereof, and the tcrm.i.nal 

portiotL4.310. 

A.lso, t:he 1.nodulc m:rnuf:icrured in the respective embodiments by utilizing t:hc 

present: embodiment 1.nay be applied t:o a display portion of ckcrronic devices shown in the 

25 cn1bodin1cnt 12. 

[ErnlxHfinwnr 15 J 
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In the ernhodin1.cn1 U and rhe embodiment 14, rhc plating process s1cp is c;11Tinl our 

;ifrcr the first plm1olit.l1ogn1phy srcp has been pcrfrmncd. in rhis crnbodinwnr 15, a pl;iring 

pn>eess srcp is c;1rricd our aCtcr a kn1rth photolithogrnphy srcp k1s hc·u1 pcrf(>rnwd, which 

will be described wirh rcfr.rcncc to Fig. HA to Fig. 36C. 

5 First:, a semiconductor display device is rnanuf;icturcd by employing ;1 subsrnlt:c +900 

having ;1 light transmission characteristic. As a usable subst:rare, such glass substrates as 

b~1riurn borosilic:nc gl<iss and alumina borosilicate gl;1ss may be employed, which arc typically 

known :is //7059 gi:JSS and// 1737 glass, 1nanufacturcd by c:orning Inc. Such a substr;Hc 

having a light transmission cl1<1n1u.cris1:ic known as a qumu subst:rat.c and a plastic su\1strnrc 

I 0 may be employed a.1 anorhcr subsr:r;nc. 

After a conductive layer is kmncd over <m cnt:i.re surface of the above-explained 

subs1:n11:e 4900, a first: lithography step is c;irricd our, ;1 rc:;isr mask is formed, ;md an 

unnecessary pon:ion is removed by way oLm crching process operation, so thar hot:h wiring 

lines <md ckctrodcs (namely, source wiring line 4·902, gilt<: ckclT(ll.k.1 4903 ilnd +904, 

15 holding capacitor 4905, and rcnninai 4901) arc formed (sec Fig. Hi\). 

Tl1c above,dcscribcd wiring l.incs and dccrrodcs m;1y be m;1nuf:1nun.>d from ni<ll:crials 

of such an clcmr:nr sel.cncd from 'fi, ·r,,, W, Mo, Cr, Nd, of an alloy which contains the 

above-explained clements, 01· of nitride which comains the abovc'-dcscribcd clcincnts. 

Furthermore, plural sets of these clements which are selected from 'f'i, 'f;i, W, Wu, Cr, Nd, 

20 plural sets of these alloys conrnining rhc abov(>cxplaincd dcrncnt:;, or pl.ural sets of nitride 

conrnining rhe above.explained clemcnrs may be stacked as 1.hc nuilerials of 1.hesc wiring 

lines and clect:n)_dcs. 

Next:, an i1v;ubting filrn '1906 is frmncd over an cnt:irc surface. \Vhilc n silicon nirride 

film is c1nploycd as this insulating mm, ;J thickness of 1.hi.s in.11.ilating film is .1clc>ct:cd rn he 50 

2'i 1.0 200 nm. Prcfor:1bly, 1.his insubting filrn having a thickness cl 150 11111 is i"rn·1ncd. lr should 

be undcrsu.md 1.hat 1.bc gate insulating film is nor lirni.tcd tu t:lw silicon 11i1:ridc filrn, hut: rnay 

be rnanufoct.urcd by cmployinl!, sllch ;Jn inslliating fil.rn. as ;1 silinm oxide film, ;1 silicon oxide 
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nitride film, and :1 uint;dum oxide film (see Fig .. HB). 

Next, :i first: :mHll"phuu.\ semiconductor fllm 4907 h;win:.: a 1:hick1wss of' 50 r" 200 nm, 

preferably I 00 1.0 l 50 nrn, is f(irmcd on an entire surface o( 1.hc ins11hti11g film +906 hy 

employing 1.he known nwthod "Kh as rhc plasma CVD 1ned1od am! 1hc spuu:cring rnctiHH.I. 

.5 An ;·l!norphous silicon (a-Si) fllrn is 1.ypically frmned, whil" h;1vin:.: '' Cilm 1.hickness of I 00 

nm (see Fig. 34Fl). 

Next, a second amorphous scrnicomlunor film 4908 cont:1ining one conductivity type 

(eirhcr n-rype or p-Lype) i.1npuri1.y clcmcn1. is formed, while h;iving '' rhickness of 20 ro SO 

nm. 'fhe second ;unorphous semiconductor film 49013 containing the impuri1.y clcrnent 

IO e<ip;1ble of applying one conducrivit.y type (either rH.ype or JHYP") is frmned on the ,,,.Hire 

ourfacc by ernpl.oying d\e known met:hod such ;i:; the pl;1s111a (:VD method and rhc 

sp1n:r.cring m.crhod. In this embodiment, while a silicon 1.argn in1.o which phosphon1s !"1s 

been added is e1nploycd, the second ;irnorphous semiconductor (ilm '1901.l con.mining then-­

typc impurity clement was f()nucd (see Fig. 3'tl\). 

15 Next, photorcsist: masks +909 and +910 arc f(mncd by way of a second 

pl.1.ot:olit:hography step, and t:hcn, an unnecessary poni.on thc1.co( is removed hy way of ;m 

ei:chir1g process operation S<") :-ls t:o f(')r!ll a S<"H.1rce \vi.ring line 51 l l., As t:he etching 1ncrh.od 

in t:his case, either a wet etching method or a dry etching nwt:hod i.s employed (sec Fig. 

HC). 

20 ln t:his crching step, while the second amorphous semiconductor film 4908 ;md rhc 

first ;Hnorphous scmiconduct:or film '1907 arc sequentially etched :n a place 01.hcr 1.han· rhc 

rcsisr masks +909 and 4910, both .the scnmd amorpl1(m1 scmiuind unor film 491.l and 1:hc 

fist: arnorplwus semiconductor film 49 .I l arc fornwd in a TF-r 5 I I 2 of the pixel portion 

'51 I 4. Also, both t.he second amorphous scmiconduc1.or film 4908 and i:he Hrsi: amorphous 

2.5 sc1nicunductor film +907 arc frnmcd in a holding rnpaciror 511.5. 

Next., afrcr the rc:;isr Illas ks 4909 ;md '+9 I 0 haw I"""' rc111ovcd, '' 1.hird 

phot:olithogr;qihy srcp is carried 01.11., and a resist ruask 500 I 1\ f(mncd, :11HI ;d.so an 
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unncccss:1ry portion is rc'rnowd by way of an etching process operation, so 1.:h:i1 horh a first 

:rnrnrph<.Hi> sen1iconduc1/>r f'ilm 5002, and second :1111orpho11:; scmiconducror f'ilms 500\ 

50CH, 500.'i :m: frmncd (sec Fi::,. 35A). 

Next, :·if'tcr rhc above-described resist mask 5001 is moved, a l"ir.sr interlayer insul:.iring 

5 frlm 5006 made 0L1 silicon o.,idc nitride film. having a thiclu1css of 150 nm i:; formed hy way 

ofa pbsrna CVD method in s11ch a manner that: rhis !lrst inrcrbycr insulating film 5006 may 

cover· 1.hc source wiring line 511 1, t:hc 'l'Fl' 5 11 2 of the pixel pun ion 5 l l 4, and t:he holding 

capacitor 5ll3 (sec Fir.:. 35Ll) 

Next:, :1 .1ccond interlayer insul:11in1' filin 500il having a thickness of 1.6 /Im, which 

10 corresponds 10 an org:mic insulating nrntcri;il m~1dc of' :Krylic resin is formed on a l!rst 

int:crbyer insulating fllrn 5006 m:ide of a silicon oxide nitride !llrn. In this cmhodinwrn, 1hc 

or~~mic insulating rnarcrial made of 1hc ;rcxylic rcoin is "'.leered as rh.c second in1erl;1ycr 

insulating lll.m 5008. Alternatively, polyimide :md rhc likt' may Ix: employed as tl1c organic 

m;ncrbl, and furthermort\ ;m inorganic material 1.nay be sdccrcd, 'fhereafrcr, while a 

15 fourt.h phorolirhography step is carried our, ;1 rc:;isr m;isk 5007 is frirnwd, and then, hmh 1hc 

first interlayer insulating film and t:hc second intcrl;iyer insulat:ing film, which arc (onncd 

on the wurcc wiring line 5111 and the rcnni.nnl. portion 5 l l.O, arc rcnwvcd. Also, ;1 con1:1ci 

hole is f(mncd which is used 10 tekctric1lly connecr the holding capacitor 51 U to 1hc 

second ;11norphous st•micondunor film 5005 (sec Fig, J5C). 

20 Next, Cu films 5101 :md 5102 arc formed on the source wiring line 51.10 :md rhc 

terminal pon:ion 511 l by executing a pl;ning pn!cC» oper;nion (sec Fig. 36A). In 1.his 

embodiment, similar i:o rhc embodiment 1.3, a~the mernl (ilm, Ag, /\u, C::r, Fe, Ni, Pt:, or :111 

alloy of these ck1ncnts may he employed. 

Abo, similar 10 du·: embodiment U, each of the above-described trnmufftcturing 

25 methods i.1 fo:n:urcd by that in the pl<ning pr<)(:('.% step, tlw somcc wiring lines of tlw pixel 

portions are C<.mncct:cd to each ot.l1c1.· hy using wiring lines so ;11 1,0 hcuJnl<' s;1mc pu1·c111:i:1ls 

to each other. Also, t:lw wiring lines which arc used ro corrnccr these sou1.·cc Imes so as 10 
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hccc)nH> cqui·-pmcn1:i;1l may he cu1: out by laser light (CC}, laser c1c.) ;1frer the plaiing process 

operation has been :1ccomplishcd, or 1nay he cu1: our a1: 1hc s:111w time when t:hc .111h.11.,-;11:c 

is cu1: uut ;1ftcr t:hc· pht:ing process opc1«Hion h;is been ,_-.umplc1:cd. i\lso, ;1 shon--c1rcui1: rin;.: 

may be formed by using these wiring p;nrcrns. 

5 Subscqucndy, a transparent electrode fi11n such as rro (lndium.'fin-Oxidc) h<>ving 

a rhickncss of 110 nm is formed. 'fhcrcafrcr, since bmh a fifth phot:olirhowaphy step ;md 

an etching process seep arc carried out, a transparent: pixel dcc1:rmlc 'i I 03 is frnmcd (sec Fig. 

36B). 

Next, in order LO form a nwtal wiring line, hmh a sixth phot:olirl1ogr:iphy s1c·p :n1c.I :111 

10 ci:ching process step arc n1rried out. A metal wiring line 5105 is frmncd so ;10 ro electrically 

connect t:hc S<.llncc wiring line 51 I l t:o the .1econd amorphous scmicondunor film 5003. 

Also, a rncral wiring line 5107 is frmned so ;io 1:0 dcctric1lly connect: the second amorphous 

semiconductor illm 5005 1:0 the u-ansp:ucnt: pixel clcnrodc 5 l0.3. Also, ;1 mer;il wiring \inc 

.51.08 is f(Jrmcd so as ro clect:rically cornwct the tr:msparcnr pixel dccu"''k 'i !03 t:u t:hc 

J .5 holding capacitor 5 I JJ. Also, a metal wiring line 5104 is f<mncd so :is to clcct:ricdly 

connect the gate electrode to t:hc t:cnninal portion 5110. It: should also lw nc.11."-"-l rhat: ;1s the 

mct:al wiring m1ncrial, a stacked bycr film made of both 11 'fi film h;iving a thickness o( 50 

nm 1111d an Al-Ti alloy film having a thickness of 500 nm. may he used (see Fig. 36C). 

In the rncthod for nrnnuf:H.:niring t:hc S\~miconductor display device shown in t:he 

20 embodiment 1.5, r\H; inctal. wiring lines arc frmncd afrcr rhc rr:msparcnr pixel electrode such 

as !TO i.1 formed. ;\ t:ot:al number ofphotolirhography steps by which such a se1nic:ondm:1:or 

display device is manufocurn;d as frilluws i.1 equal vi~dw total number of rhcsc 

photol.ithography steps for the abovc-dcscrihcd n1anuf:K1:uring mc1.hod of' t:hc cm\xl(linwnt 

l.5. Th:n i.s, after t:hc nwt:al wiring lines ;ire formed, the tr<1nsparcnt pixel electrode such as 

25 rro is f(mncd. i\s a rcsul1., it: is possible 1.0 frmn either 1.hc 11\d;i\ wiring lines or the 

u:msri;1rcnt pixel clcurodc such as ITC) i.n 1.hc beginning o( rhc rnanu(acrnring s1:cp. 

Since the above-described plHit:olidwgr;1phy steps ;_ire cirricd out oix tinws, the 

Bl 



u:msrnission t:ypc scrniconducror display device cm be manuf>1nu1-ed which is const:irnll'd 

hy the S<.Hm:c wiring line 5 l l l on which "Cu" is pla1ni, die inv,.>rsc s1:1ggcr type ·rrr 'i I 12 

of t:hc pixl'i portion 'i I 14 <md the holdin;1, c:ip:icitor 5113 tl1<.'rco( and 1he1cnninal pnnion 

5110. 

5 Ir should also be noted 1ha1 when the same mcul ;is the 1.ncial wiring line is used in 

the pixel electrode, a rcfkClion type scmicorH.lunor device nu1y be formed by executing the 

photolithography steps five rimes. 

Simil;ir to the cmbodiinc1H 1.3, 1hc drive circuit. const.rnctcd of the IC chip is 1.nountcd 

also in 1his embodiment. 

10 Also, the module rnanuf:Kt:urcd in the rcspcct:ivc cmhodin1cms by 111ilizing 1hc 

present: cmbodirncrn. may be applied to :.1 display portion of ckct:ronic ckviccs shown in the 

embodiment 12. 

[Embodiment 161 

In t:he abcwc-dcscribcd e1nhodi1ncnt Li t:ocmbodirnent 15, the scr.nicondunordcviccs 

15 corrc:;pond t:o such semiconductor devices th:.n t:hc 'fFT of the pixel portion is made of the 

channcl-ct:dwd type. 'fhis embodiment: 16 corresponds to such a semiconductor device 

that: a TFr of' a pixel pon:ion is m.adc of a channcl~st:oppcd type, whi.ch will be expbincd 

wit:h rekrcnce t:o Fig . .37 A to Fig. WC. 

First;, n semiconductor display dcvi.cc is manufactured by employing a suhst:rnt:c 5200 

20 having a light t.ransmi.soion ch;in1ctcristic. As :.i usable subst:r:1tc, such ghss subst:r:nc.1 :is 

barium borosilicate glass and alumina borosilicit.e glass may bc;:inploycd, which ;rrc typically 

known :is l/7059 glass and // l 737 glass, manufactured by C:orning Inc. Such a substr:m: 

havi.n.g a I igh t rransrnis~i<.>11 ch;·lrilCt:cristic krH)w11 :1s ;1 quartz suhs1.r:-1 t:c :·lnd ;-i plastic suhstc::i t:c 

n1<1y be cinploycd as ;mother substrate. 

25 After :1 conductive l:iycr is forrncd over :111 cnt.irc .1llrfi1cY o( die :1hov<>cxphincd 

suhstxatc 5200, a (irs1 lit!1ogrnphy s1ep is carried rnir, a resist. tnask is l(mncd, and ;.111 
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unnecessary ponion is removed by way of an etching process upcr:ition, so 1h:n both wiring 

line:; :md ckcuodcs (n:1mcly, source• wiring line 5202, g:.irl' ckc1rodcs 5203 and 520+, 

holding cap:iciror 5205, and 1.crmin:.il 5201) arc l(mncd (sec Fig. r?A). 

The al)(JVC·lkscribed wiring lines and electrodes may be 1n:rnuf:1nurcd fro1n rnal.crials 

5 of such an clement sdu:tcd from 'T'i, '!":1, W, Mo, Cr, Nd, of an alloy which e<llH:1ins the 

all<>vc--cxplaincd clement:;, or of ninidc which conr;iins the :ihovc--dcsuillt"! clen1c11t.1. 

FwThcrn><)rc, plur:il sets of' these clcnH_,111.1 which arc selected f"rnm ·r·i, 'fa, \'i/, Wo, Cr, Ne!, 

pl.urn! sets of r.hcsc <rlioys containing 1.he :ihove--expbincd clc n1cnts, or pl ur:il sen; of n i nick 

coni:aining the abovc-cxpl:iincd clements may he stacked as the ni;1tcri:ds of 1.hcsc wiring 

!O lines and cknrodc:;. 

Next, both a Cu Cilm 5206 :md another Cu film 5209 arc krrmcd 011 b(;1h :i source 

wiring line 5202 and :i rcnninal ponion 5201 by executing :i plating medrnd (sec Fig .. 37B). 

By coating rhc source line with rhc copper fi.lm 5206, t:hc wiring rcsiornncc c:1n be. ckcrcascd 

and ii: i:; possible t:o l.owcr dw power conrnmprion of the display. "f'his is :idvantagcou.1 when 

15 the diagonal size of i:hc pixel ponion exceeds 5 inches in<i.1m11ch as the power consun1p1.ion 

c:,iuscd by the wiring re:;i.1r;ince becomes signifk:mr in ;1 Lirgcr .1izc: display. In panicular, rhis 

is advan1.agcous when dw wiring:; consist: of 'ri, 'ra, W, Mo, Cr, Nd, :.111 :1lloy i:hncof or :1 

nitride o( d1c:;c clcmcms. In 1.hi.1 embodiment, (\1 is employed as 1.hc 111c1.al film. 

Alrern:nivdy, Ag, Au, Cr, Fe, Ni, Pt., or an alloy of these clcnwnr.\ m:1y be employed :1.1 this 

20 met.al film. In this embodiment, Cu is employed as t.hc metal fllm. Ali:ernar.ively, Ag, Au, 

Cr, Fe, Ni, Pr, or an alloy o( these clements may be employed as d1is metal flint. 

Al.so, simil:ir ro rhc embodiment 13, each of the :ibovc,dcscribcd manuf'aci:uring 

rncr"IH"b is fcal:llrcd by that; in the plating process step, 1.hc source wiring lines of the pixel 

portions arc connected to each other by using wiring lines .10 :is to hccu1nc same potentials 

2.5 1.0 c:leh 01.·hcr. Also, tiw wiring l.incs which arc used 1.0 connect 1.hcsc source lines so as to 

bcccm1c cqlli·1101cnti:d may be cur 0111: by laoer lighr ((:(),hoer ere.) afrcr 1.hc plating proccs:; 

opcr:11:inn h;is been accomplishct!, ur 1rn1y Ix: Cllt out. :-it die s:1nw. rime when the suhs1n11.e 
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is CUI Olll :lf'ter thl' J2iat:ing pr<XCS.\ Opl'r:nion h:J.\ been CO<npicted. i\Jso, a short·~circuil ring 

may be formed by using rhcsc wiring pau:crns. 

Next, :m insul:ning filin 5207 is frmncd over an cnrirc surf<Kc. While a sili.con nilTtc.k 

film is employed :1:; this insul:ning film, :1 1.hickncss o( this instd:ning film is sdcctcd r:o be 50 

5 to 200 nm. Prclcrahly, rhis insulming fllm having :i r:hickrn'ss oi' I 'iO nm is formed. Ir should 

be 1mdcrstood that the gar:c insulating film is nor: limited ro 1.hc silicon ni1.ridc f'ilrn, hut m:iy 

bt: m:nnii':Kturcd by employing such an insul:ning film as a si.licon oxi.dc (iln1, a silicon oxide 

nitride fllm, and a ranr::ilum oxide film (sec Fig. 37C). 

Next, an ammvlmus semiconductor filin 5208 having a thickness u( 50 co 200 nm, 

10 prclcrably 100 to 150 nm, i.s frirrncd on :m emir:c surface of dw insnlating film 5207 hy 

employing the known nwr.:hod sud\ ;:ts 1.he plasma C:VD rnc1hml and 1he spuu.cring 1.nnhod. 

i\n amorphous silicon (a~Si) (ilm is 1.ypically formed, while having a film. thickness of' I 00 

nm (sec Fig. 3 7C:). 

Ncxr, pho1.orcsis1. masks 5JO l and 5.302 arc formed by w;ty of a second 

l 5 phot:olit:hogn1phy st:ep, and tlwn, an unnecessary ponion 1.hcreo( is removed by way o( an 

etching process operation so as t:o for:rn :1 source wiring line 541 I. i\s the etching method 

in t:his case, eit:her a wet: et:ching method or a dry etching lll<'thod is employed (see Fig. 

31lA). 

In this etching srcp, whik the ;1morphous scrniconduct.or (ilm 5208 is etched :1t: :.1 place 

20 orhcr t:han the resist: masks 5.301 and 5302, :m amorphous scmiconducuJr film 5.303 is 

frmncd in a 'I'FT 5412 of the pixel ponion. Al.so, th.e :HrH.lrphous semiconductor film '5304 

is for::1':d in a holding c:qi;1citor 54 U. 

Nr:xt, such an insulating film having a thickness of I 00 w 200 nm is frmned on an 

mnorphous semi.conductor layer 5303. This insul:ning film is ruade of ci.1.hcr silicon oxide 

2'i or silicon nitride. ln Fig. 381\, second insubr:ing layers 5305 :md )'306 which const:it:ure 

ch:rnnd protecr:ion fllms in a self-alignment nrnnncr arc fornicd by w:1y cl an exposing 

process opcr;ll:ion, while dw light is exposed from dw rear sur(:'tcc and dw gate clcurodc is 
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employed as a mask. 

Next, such a doping process step is carried out in order 10 form an L[lD (Lightly 

Dopt'd Dr;iin) region ciCan 1H.:li:mncl type 'fFT. As a doping method, cirhcr an ion doping 

method or ;m ion implanting nwrhod is carried out. Phusphorus is rn.ldcd ;is ;m n-typc 

5 impurity, and whilt.> t:hc second insulming byers 5305 <HHl 530(i ;ire used as a mask, impuri1.y 

regions 5.307 1.0 5309 ;ire frmned. Donor conccnt:rat:ion u( 1.his region is selected to he 1 x 

l0'6 through l x 10 11/cm' (st>t> l'ig. \Ill\). 

Next, a first: imcrlaycr insubring film 5.311 ni;1<k of a silicon oxide nitride (ilm having 

a thickness of' 1 'iO nm i.s formed by way ofa plasma ('.VD rnnhod in such a nnnncr rlrn1.· rhis 

JO firsr in1.nbycr insulating film 5.311 1m1y cover tht: source winng line 54 l l, rhe 'fFT 5412 

of' the pixel ponion )'fl 4, and tl1.c holding capaciror 54 Ll (fr:c Fig. 31lC). 

Next, a second inrcrbycr insubiting film 5402 kiving a thickness of l.6 /.llll, which 

correspond:; to an organic insulating marerial made of acrylic resin is frmncd on ;,1 fir.11 

interlayer insulating film 5:3 l l niadc of a silicon oxide nitride Cilni. In rhi.s crn.bodimcn1., dlc 

15 organic insubting nrnt:crial made of' rile <Krylic resin is selected ;1s the second intnbyer 

insulating lllm. Altt.'rnativdy, polyi.mide and the like 1.nay he employed as the organic 

rnat<Tial, and funhcrmorc, ;)11 inorg<mic rn;ncri;il rn;1y be sel.cned. 'fhcrc:Jfrcr, while a 

fourth phot:ol.ithography step is (:arricd our, a re:;ist mask 540 I is frmned, :md then, ;1 

contact: hole is formed by execuring a dry etching srcp. ·rhis conna::r hole is employed so as 

20 to clcctriu1lly connect the source wiring line 5411 to the amorphous semiconductor flln1 

5307. A.t the same time, ;morhcr contact ho!t: is fiJrnwd which is used to clccrrically 

conneu: 1hc holding capacimr 541J to the amorphous scmiconducror film 5J_Q'J_ ;\lso, 

another contact: hole is frmncd in a rcrmin;il pol.ion 'HI 0, and rhis comacr hole is used to 

dl'.tt:ric1lly connect rhc gmc wiring line 1.0 rhc rcrminal pon:ion 5410 (sec Fig. 39A). 

2.S Subsequently, a n;msparcnt: ckcnodc film such ;is IT() (lndiun1-Tin-(lxidc) h;1ving 

a 1hicknc.1s of l lO nm is lrlulwcL ·rhcru1(1cr, since borh a l'if'rh plio101id1<>graphy srcp <llH.1 

an ctd1ing process step arc u.11-ricd our,'' transparcnr pixel electrode '5,H}l i.s l(lrnicd (.,cc Fig. 
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3913)' 

Nex1, in order t:o form :1 11wr:il wiring line, borh a sixrh pl11>rnlitlw1.:r:qJhy srcp :md :111 

etching process siep :.11-c carried our. A metal wiring line :i405 is (ornh:d so :is rn ckcrrically 

connect the source wiring line 54 l I tfl the amorpho11s semicoml11cror (iim 5.307. /\!so, a 

5 metal wiring line 5407 is formed so as t:o clcnrinilly connect the :i111orpho11s scmiconducror 

film 5309 1.0 the transparent pixel electrode 5403. Also, a n1nal wi.ring line 'H08 is f(irnwd 

so as t:o clcci:rically connect: die rransparcnt pixel ciectrnck 'H0.3 t.o t.hc hokling cap:icit:or 

54Ll. Also, a meral wiring line 5404 is formed so as ro elccu-ically conncc1 the 1::i1e 

elccuock ro rhc terminal porrion 5410. It should also he iHm"I 1h:H :i.s rhc nwt:.il wiring 

lO material, a stacked i:.iycr film made of both a Ti fllm having :·11.hickness o(50 nm :ind :m i\l­

·ri alloy fllrn h:1ving a thickness o( 500 nrn m:.iy be used (sec Fig. NC). 

In the method for manufou.uring the scmicond1H.:1.or display device .shown in th.c 

embodiment: 16, rhc met:il wiring lines arc frJnncd after rhc rr:msparcrn pixel clccu:odc such 

% rro is forn1cd. A total number ofphotolithography steps by which such :1 sc111icond11ctor 

1.5 display device is manufactured as follows i:; cqu:.tl 1.0 rhc tot:il nu1nber of 1hcw 

phot:olit:hography steps for dw abovc-cksu.ibcd manufacturing 1ne1.hnd of the embodiment. 

16. ·rh:n i.s, after rhc mct.al wiring lines ;Jrc formed, the rr:m.sparent pixel clcct:rodc such :10 

ITO is formed. 1\s a result, it is possible to form ''idwr the metal wiring line:; or the 

transparent: pixel dcctrodc such as !'f() in t:hc beginning of 1hc manufoct.uring S!.Cp. 

20 Since the ab(wc~(kscribcd photolit:hography steps arc carried out: six times, the 

uansmi.1sion type sc1nicond11ct.or dispby device can be m:muf:1cturcd which i.1 umst:it11tcd 

by the sour.Tc wiring!;,,,, 5411 on which "Cu" is phrcd, tlw inverse &t::iggcr type 'fF!'..$412 

of d1'2 pixel pon:ion 5414 and rhc holding capacitor 541 J t:hcrrnf, and t:hc t:crminal ponion 

5410. 

25 It should also he noted drnt: when the s;1mc mct:d :is rhc nwr:il wirin;.: line is usvd in 

t:hc pixel clcc1:rodc, :i rcflccrion 1.ypc scrniconducrnr device may hv l(n·1ncd hy c·xccu1.i11.t-: 1.hc 

photolithography steps (ivc t:irnes. 
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Similar 1.0 1.hc crnl"idirncn1 1.1, 1.hc drive circuii. comuucrcd o( 1.hc IC: chip i.1111011111.cd 

also in du;; cinbmlinwm. 

/\!so, while a liquid crystal module is rnanufacrurcd hv c111ploying the tcch11iqm: sll<11vn 

m thi.1 embodiment 16 in accordance with the 1-cspcuivc c1nhodirncnt.s, and t.hcn, t.hc 

5 manufanurcd liquid crys1.;1l moduk rn:1y be applied to the di.1pl;iy 1mir of the electronic 

appliance shown in the cmbodirncni. 12. 

As prcvicrn,;ly dcscrilwd in dcr:1il, i11 thc semiconductor device which is 1ypic:illy known 

;is the ::1c1ivc ma1.rix type liquid crystal display device, c:vcn when the area of the pixel 

portion thereof is increased and the displ:iy screen is enlarged, bcrtcr di.1play;; c:in he 

10 realized. Since the rcsisi::mce value u( t.hc source wiring line of' 1.hc pixel ponion i.s largely 

reduced, frJr example, t:h.c present: i.nvcntion m::1y be applicahk rn such a largc.·si;:cd dispi:ly 

screen, for example, a diagonal l.i.nc of 40 inches and a diagonal line of 50 inches. 

Wh.ilc the preferred cmbodimcnr.1 h:we been described with rcforcm:e to liquid crystal 

displays, the pn•senr invention should 1101. be li.1.ni.tcd to the liquid crysu:d display.1. 'fhc 

15 present invention can be applied to an active matrix organic clcc1:rolumi1w,;encc display 

ckvic:c (abo cilkd org:inic light emitting display device), for example. 
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WHAT IS CLAIMED IS: 

I, A semiconductor device comprising: 

a pixel portion comprising at least one first n-channcl thin film transistor and at least 

5 one source line, the first n-channel thin film transistor comprising: 

10 

a semiconductor layer on an insulating surface of a substrate; 

an insulating film over the semiconductor layer; 

a first: gate electrode over the semiconductor layer with the insulating film 

interposed t:hercbetwecn, wherein the source line comprises a first wiring comprising 

a same material as the first: gate electrode; and 

a first conductive film covering the first: wiring at: least partly, wherein the firs( 

conductive film comprises a conductive material having a lower resistivity than the 

first: gate electrode, 

a driver circuit: over the substrate, compnsmg at least one second a-channel thin 

15 film transistor and at least: one p-channel TFT, and 

20 

a tcnninal portion comprising a second wiring comprising the same material as the 

first gate electrode and a second conductive film covering the second wiring at least partly 

wherein the second conductive film comprises a conductive material having a lower 

resistivity than the first: gate electrode. 

2, The semiconductor device according to claim 1 wherein each of the first and second 

conductive films comprises at least one material selected from the group consisting of Cu, 

Al, Au, and Ag. 

25 3. The semiconductor device according to claim I wherein the first n-channcl thin 

film transistor has a channel formation region overlapped with the gate electrode, the 

channel fi:Jrmation region having a same width as the first gate electrode. 

4. The semiconductor device according to claim l wherein the second n-channel thin 

30 film transistor further comprising a channel f()rmation region overlapped with a second gate 
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electrode and an impurity region partly overlapped with the second gate electrode wherein 

the second gate electrode has a tapered portion. 

5. The semiconductor dcvic<: according to claim 1 wherein the lirst n-channcl thin 

5 lllm transistor has three channel formation regions. 

10 

15 

6. A semiconductor device comprising: 

a pixel portion over a substrate, comprising at least one first n-channcl thin Cilm 

transistor and at least one source line, the first n-channcl thin film transistor comprising: 

a semiconductor layer on an insulating surface of the substrate; 

an insulating Cilm over the semiconductor layer; and 

a first gate electrode over the semiconductor layer with the insulating film 

interposed therebetwecn, wherein the source line comprises a first wiring comprising 

a same material as the first gate electrode and a first conductive film covering the first 

wiring al least partly wherein the first conductive film comprises a conductive 

material having a lower resistivity than the first gate electrode, 

a driver circuit over the substrate, comprising at least second n-channcl thin 

film transistor, and 

a terminal portion comprising a second wiring comprising the same material as the 

20 first gate electrode und a second conductive film covering the second wiring at least partly 

wherein the second conductive film comprises a conductive material having a lower 

resistivity than the first gale electrode. 

7. The semiconductor device according to claim 6 wherein each of the first and 

25 second conductive films comprises at least one material selected from the group consisting 

of Cu, Al, Au, and Ag. 

30 

8. The semiconductor dovice according to claim 6 wherein at least one of a EEMOS 

circuit and an EDMOS circuit is formed using tho second n-channcl thin film transistor. 
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9. The semiconductor device according lo claim 6 wherein the first n-channcl thin 

lllm transistor has a channel formation region which is overlapped with the first gate 

electrode and a width of the channel formation region and a width of the first gate electrode 

arc same. 

10. The semiconductor device according to claim 6 wherein the second n-channcl 

tn\nsistor comprises a channel formation region overlapped with a second gate clectrodc and 

an impurity region partly overlapped with the second gate electrode wherein the second gate 

electrode has a tapered portion. 

11. The semiconductor device according to cluim 10 wherein the first tH:lumnol thin 

film transistor has three channel formation regions. 

12. The semiconductor device according to claim 1 or 6 wherein the second n-

15 channel thin film transistor comprises a second gate electrode having <I tapered portion, a 

channd formation region overlapped with the second gate electrode and an impurity region 

partly overlapped with the second gate electrode. 

13. The semiconductor device according to claim I or 6 wherein an impurity region 

20 of the second n-channel thin film transistor has an impurity concentration having a 

concentration gradient within a range of I x l 0 17 to l x l 0 18 atoms/cm 18, which increases as a 

distant from its channel formation region increases. 

14. The semiconductor device according to claim 1 or 6 wherein at least one of then-

25 channel thin film transistors has a plurality of channel formation regions. 

30 

15. The semiconductor device according to claim 1 or 6 wherein the semiconductor 

device is a transmission type liquid crystal module. 

16. The semiconductor device according lo claim 1 or 6 wherein the semiconductor 

device is a reflection type liquid crystal module. 

91 



5 

10 

15 

17. The semiconductor device according to claim J or 6 wherein the semiconductor 

device is one selected from the group consisting of a video camera, a digital camera, a head 

mounted displays, a car navigation system, a pmjectors, a car stereo, a personal computers, a 

portable information terminal, a digital versatile disc player and an electronic gate apparatus. 

18. A seniiconductor device comprising: 

a pixel portion over a substrate, comprising at least: on<:l first p-channcl thin film 

transistor and at least a source line, the first p-channel thin film transistor comprising: 

a semiconductor layer on an insulating surface of the substrate; 

an insulating film on the semiconductor layer; and 

a gate electrode over the semiconductor layer with the insulating film 

inkrposed therebctween wherein the source line comprises a first wiring comprising 

same material as the gate electrode and a first conductive film covering the first 

wiring at least partly wherein the first conductive film comprises a conductive 

material having a lower resistivity than the gate electrode, 

a driver circuit: over the substrate, comprising at least second p~channcl 

thin film transistor, and 

a termin<tl portion comprising a second wiring comprising <I same material as the gate 

electrode and a second conductive film covering the second wiring at least partly wherein the 

20 second conductive film comprises a conductiVG material having a lower resistivity than the 

gate electrode. 

19. 'I'he semiconductor device according to claim 18 wherein at least one of an 

EEMOS circuit and an EDMOS circuit: is formed using the second p-channcl thin film 

25 transistor. 
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