2 6 JUL 2005 A METHOD OF MANUFACTURI NG A SEM CONDUCTOR DEVI CE BACHERQISD OF
THE INVENTION 1. Field of the Invention 5 The present invention relates to
a sem conductor device with a thin film transistor (hereinafter referred
to as TFT) formed of a sem conductor filmthat has a crystal structure and
is formed on a substrate, and to a nethod of manufacturing the

sem conduct or device. 2. Description of the Related Arts 10 A display for

di splaying text and inages is indispensable neans for people to digest
information with various sem conductor devices that have sem conduct or

el enents, suchAMETHED OF MAMNIFACPERINGA SEMPOONDUCEOR DEVIOEr phones.
CRTs have 1long been in the nmarket to acquire the position of
representative display. On the other hand, liquid crystal displays and

ot her flat displays (flat @@%Gﬁﬁﬁ\l{ﬁ@ﬁfiﬁﬁ@@mb% increasing their
shares exponentially, for T ed to reduce wei ght
and si ze. @nermder ok Ihvatiopanel displays is active matrix driving in which

a TFT is provided in each pixel or dot and data signals are sequentially
wittendto di splayThp PressaigaiverionFelates smajspaticopendemilevied e thin fHoti ve
matrix drivying., 20 Mist. TFTs are for rom apor phous silicon. Those TFTs
cannot - opleltaof e sekefiia S BrBrE Ab EPe-RGHObARY WL Bart chi ng
el ements proyutARfuiidre LREREHHNVE o0 SubsPhiBCAd Rea TeliHLanpahuBkEngther

el ements than switching elenents, external 1Cs (driver 1Cs) nounted by TAB
(t ape aut osemedndwenatidegiccor COG (chip on glass) are used in data line side

driving circuits for outputting video signals to data lines 25 and in
scanni ng | i‘ne RESEAPIHD ﬁﬁbR 'V@d??% for outputting scanning signals to

:scanni | i nes. NEY, [ I 18 € .der jmted
‘nethodfgecause tEEM%¥§%Vfg?@%ﬂbﬁgg%EgS%ggﬁggg?%gﬁgﬁgé#gggﬁgfgéb?g&hﬂ@
i ncreased. téafigdsndfifenastiomivich packels sefdagiduytop ideld¥EA e Viglve (sk20EbndudioN0

pi xels) in the R@G color nethod, at |east 6000 -1 2 6 JUL 2005
elements, such as television sets, personal computers, and cellular phones. CRI5 have
long been in the market to acquire the position of representative display. On the other
hand, liquid crystal displays and other flat displays (flat panel displays) are lately

15 increasing their shares exponentially, for electronic devices are desired to reduce weight
and size.

One mode of flat panel displays is active matrix driving in which a TFT is
provided in each pixel or dot and data signals are sequentially written to display an
image. A TFT is an indispensable element in active matrix driving.

20 Most TFTs are formed from amorphous silicon. Those TFIs cannot
operate at high speed and therefore they are used only as switching elements provided in
respective dots. ~ Since the TFTs cannot make other elements than switching elements,
external ICs (driver ICs) mounted by TAB (tape automated bonding) or COG (chip on
glass) are used in data line side driving circuits for outputting video signals to data lines

25 = and in scanning line side driving circuits for outputting scanning signals to scanning
lines. |

However, mounting a driver IC is considered as a limited method because
the pixel pitcﬁ is reduced as the pixel density is increased. For instance, at a pixel

density of UXGA level (1200 x 1600 pixels) in the RGB color method, at least 6000
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connection termnals are necessary even by a crude estination.g §njjncpmgse
‘in nunber of connection termnals |eads to increased occurrence of contact
failure. It also leads to an increase in area of the border surrounding
the pi xel portion (called a picture frane region), which hinders reduction
in size of a sem conductor device that enploys this 5 display and spoils

t he external design of the seniconductor device. Against this background,
apparently a display device in which driving circuits are integrated with a
pi xel portion is needed. By integrally form ng a pixel portion and a

scanni ng ¢dnpectRindermianld acahaessaryecven g acridd asgmatiocui As immedsh én saneer
substrate, the nunber of connection termnals can be narked]y reduced as
wel | as tpfecopneetioss terminalsileadsite ingreaved pegisAce ebhcomtast ifnlugr alt &FodFidi ng
circuits are d nded to i (YA f.or . 1 on)
and to i r%\/lélgie e lr% aF% ?ggigﬁ?ljta?g ;1/1% S&r-%l\ll}gglﬁ lﬁg&o@gﬁ@g tg llkgriwp E%E?%;%ehe hot
carrier efdef WhrRhaasddrowddiol W kidlof @l @bfidondactorqeiice thdt empldye thisel
portion. Alightly doped drain (LDD) structure is known as a TFT structure
capabl® oflisplagdanei mgailgh@ecmer@@ir fesign ph|the semiropfectoDECEEs- uchgdiBst WS LDD

regi on, ich is lightly 15 doped with an {npurity el nt . | d
bet ween \zglg%‘:lifﬁfﬂ’llé‘fi ?Ig%ﬂﬁeﬁliyoanc‘hﬁg& gﬁwgﬁﬂl \gﬁcbgﬁr\' & (ﬁlgﬁftgg%olﬁliteﬁ%?(g@gg on
heavi |y dgpefsyibh i@RecdBRUTBY Yni&ir '[Eefbtrmiorl% £ biECHiSn hikeh scdnBidgoWkid® be
effective in %r eventi1 ng degradation of current val ue due to hot

carriers s datallDR side ubrtvimg cironitshorc bheasumeDRubstrglico thepaurnbarl 0f cennsetieps a
gate el ectrode (gate-drain overl|apped LDD;, hereinafter_ abbreviated as

GOLD). 20teamads ¢ag heanurkady arddedss val at the grea of dh RIGHIRIEBE 19%'9% and an
insulating film c Ve . £ whi- | e, usi t Qo MBSKS 1 1.4 he
films T nto given gﬁ%p%@%ﬁka %;1){1%1 '”élg\gfﬁill%na%f d %;ar g%t ures h{léoh gﬁﬂﬂné\mat
are demangedofinct (ONRiukRht: RQY &rddow iﬁ;?ebvhhﬁeir ehibMilingo € pregeriting degradedddt Wit h
by sinply increasing the nunber of photo masks, the manufacture process
becomes cdipltd ¢he bt earder e urirasasdpwsOEBUrEn| Hon dasegriredsior ik PEsbl y .

SUMVARY OF THE | wﬁgb TE r i nvention has ﬁﬂ t t hose
probl ens, PRHE an ‘bl %98 %zﬁ%?@sﬁigmﬁqc\(qrﬁ% S¥eh™ als)? ﬁ:ér e grreeC%P %ﬁ!ﬁ}sgw de a
techni que n%fc 1AL OFt et SN CUHHEST PB strubturtYhn 2005re@id, Mmict i9ligHily vi ng
conditions o pi xel portion and driving circuits using a small
15 doped with an impurity element, is placed between a channel formation region and a
source region or drain region heavily doped with an impurity element. A structure that
is known to be effective in preventing degradation of ON current value due to hot
carriers is an LDD structure in which an LDD region partially overlaps a gate electrode
(gate-drain overlapped LDD; hereingfter abbreviated as GOLD).
20 A TFT is manufactured by layering a semiconductor film and an insulating
film or conductive film while using photo masks to etch the films into given shapes;.l If
optimization of TFT structures to suit what are demanded for the pixel portion and the
driving circuits is dealt with by simply increasing the number of photo masks, the

manufacture process becomes complicated and the number of steps is increased

25  inevitably.

SUMMARY OF THE INVENTION

The present invention has been made to solve those problems, and an object

of the present invention is therefore to provide a technique of obtaining TFT structures
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nunmber of photo masks. In order to attain the above object of QtE‘e,HUL 2005

i nvention, the present invention adopts a gate el ectrode of two-I|ayer
structure in which a first layer in contact with a gate 5 insulating film
is longer in channel length direction than a second |ayer. The two-| ayer
structure gate electrode is used in form ng source and drain regions and an
LDD region in a self-aligning manner in an n-channel TFT of a driving
circuit portion. Source and drain regions and an LDD region of an
n-channel TFT in a pixel portion are formed not in a self-aligning manner
but by usoptgna fphatrivinpaséndifites &DD pledi@rtiaf atd driningharouits btgTh Ematl t he
driving circuit portion is positioned so as to overlap the gate el ectrode
wher eas t HERPISE PRYPAEWSES- t he n-channel TFT in the pixel portion is placed

out si de of ¢ e 95l §rael ELEANHE SReBSoEl drnOYSELAR, e (SALR BLERI00E).

The source and drain regions i ons, Ich have

di fferent adip® 4 06 dlecti@deAdfi c@D-Mydr Rruét@AR SthidhOa fiRkR€1gat i @hiel wiHagatear e
formed through two doping treatnent steps. 15 As described above, a nethod

of marfuf apsweiingfian sdengyria gbarmel Wagihclirertion ther asekond dayar-t hThchiavoplagerent

i nvention i stcharac erti ﬁed b 469 ri.si gqqlét he scie s _of: fcﬁr ngg) on.a first

i nsul at i nYYFER ST IPAP SUGH Y thi PO RR ATETHTN B TFEPRS 2¥hat Vit E€8%ar at ed
from one gnotdiesiorh @ MaRtkeran bh hsdhafAS AtFTOMS: drfiRE PR SIrB64." OStrcitll a
third el ectrode %10 respectively on the first sem conductor film the
second sediadorgdionts end fin [LAD asylort btan 1-bhamle SERT coadixet portibnlam feirmkd aotsecond
insulating filminterposed between the electrodes and the fil ”B’qn,tngf

elh ect r ode#® %gﬁ-ﬂ@n@& nAGHer §’H%1@é‘:1311&%? Rt &35 k §hg HRD regiop of thesch
| e ~Shay d f !
thr OU_L%?r a?ﬁ 1n.eghgc&rfv?ﬁi Lirk il I%)Ié)hg(\%ﬂ %ggésg{g)rr]lga rsgaésnﬁ;ggx{e;r%g Ii%:é:] r&a&ée %ﬁgt&r’o?ei st

ir
conce on | npuril t regi o ucti vi

through t Qiheas & CODAYELATOf fthd ARharfmel TEMn SRCHIRE shageis placdd duidugh third
el ectrodes fromthe first shape first through third el ectrodes; formng

t hrough sé&wogale dbysimge (seat mohtlo pvedapit suncistipad)i of b Mourdetand d@i on of
S Moo e BE, BT Eh SEREABE bt PR N0 T
the first 600 ePMdYaEMcctrodes, are formed through two doping treatment steps.
15 As described above, a method of manufacturing a semiconductor device in
accordance with the present invention is characterized by comprising the steps of:
forming on a first insulating film first through third semiconductor films that
are separated from one another;
forming a first electrode, a second electrode, and a third electrode
20  respectively on the first semiconductor film, the second semiconductor film, and the
~ third semiconductor film with a second insulating film interposed between the
electrodes and the films, the electrodes having a first shape;
using as masks the first shape first through third electrodes in first doping
treatment to form first concentration impurity regions of one conductivity type in the . |
25  first through third semiconductor films;
forming second shape first through third electrodes from the first shape first
through third electrodes;
forming through second doping treatment a second concentration impurity

region of the one conductivity type in the second semiconductor film, and third

-3-




filmand the second sem conductor film the second concentratd gnjybploty
region overl apping the second shape second el ectrode; and form ng through
third doping treatnment a fourth concentration inmpurity 5 region and a
fifth concentration inpurity region in the third sem conductor film the
regi ons having the other conductivity type that is opposite to the one
conductivity type. In other words, the sem conductor device manufacturing
met hod of the present invention is characterized in that etching treatnent
for formng a gate electrode of a TFT is conbined with doping treatnment to
f orm LDD ¢@§pmﬁ§1@ﬂmpar1§omgwsmf thi¢ ahconupckialy biveiin the Hel sermichagioy

h di
The et hoflon; € ity Sept PoaleSpfmn ol eal PissbUBid! TP wER™ 11 st

i nsul at i ngydridpPing thd §tbnd %gbg%q%;e%ogé hi@ a second sem conductor film
and a third sem conductor filmthat are separated from one another;

forming a first shamng ithretvgleltidot doplieg aioairecitha fbumlstconéﬁnsremrcom@uutyor film
with a second insulating fil minterposed.therebe using the first
shape %i S and 7 0@1 SENCENRAIAR YPURY frgion it S @gﬁcﬁm@a@ﬁ&ﬂ ?ﬁtﬁumﬁt y
region of | rmng a
first shap gch%gg%qﬁéegwre %)é%ﬁdﬁ cilw‘lwpggiaft T r0 %gé;hggggg@%:ﬁ%duggtlg?ngfp@

sem condudi asthdri wdrdsndhe hﬂnilbcbrrddclserﬂe@ﬁjaduﬁhmﬁactufmg nmethdd ¢t ehes oot

insulating filminterposed between the sem conductor films and 20
el ectr odesﬂ,VBE‘tl%fh il&wghatr%crﬁeﬁlslﬂ tbﬁafﬁ@l%éréﬁalc@r &t foraEEah 82 il drodE td ode to

forma Se;’?ﬂ‘d ad[?neds Wﬁgn&%gel(’ggt% rtr(rjlgrﬁ to Orm %155 r%%% ﬁ@%rsgféllf)%eg&ngr H:r OUQh

second do concentration

condugh i Virdgford Mlpdaseqﬂjaﬂglﬂglgslﬁgﬁﬁg sem conductor film and third
concentration inpurity regions of the one conductivity type in the first

sem conduct or fi | Fuehet, acwerdsmmmozﬁmmsmdmc@dhe pidsent mmnge,crdanametn@i
concentration i urlt ion overl p| t he second shape. se

el ect r odeis QgL rﬁéf 9%3%*@118 fhi §t Sd%%%ﬁrgmpg ShrR BB E R 2 firs
concentr atsérﬁﬁohgﬂ%géﬂ fil¥n,"CHOR dMcndulctok pﬁcgﬁ@grﬂﬂﬁ@gérﬂi@oﬁ({ﬂ%Wr'ﬁM] fr@gi on in
the third sem con tor film the regions having the other conductivity
type that atessepapasd fiont ont heothae fommdy et fivst tsyagey fisst eldictrbdd hboveathef &t ur e

nmet hod as this, LDD that overlaps alﬁate electrode is -4 2 6 JU, 2005
f or me¥5 n semicenducion B mgthhasaesnd swaing Hivadrerpossdrihisrebgtverens, Hige dbe cui t .

This LDD first shape first electrode as a mask to form a first concentration impurity region of one
conductivity type in the first semiconductor film; forming a first shape second electrode
and third electrode above the second semiconductor film and the third semiconductor
film with the second insulating film interposed between the semiconductor films and

20 electrodes; etching the first shape second electrode and third electrode to form a second
shape second electrode and third electrode; forming through second doping treatment a
second concentration impurity region of the one conductivity type in the second
semiconductor film, and third concentration impurity regions of the one conductivity
type in the first semiconductor film and the second semiconductor film, the second

25  concentration impurity region overlapping the second shape second electrode; and
forming through third doping treatment a fourth concentration impurity region and a
fifth concentration impurity region in the third semiconductor film, the regions having
the other conductivity type that is opposite to the one conductivity type. '

With the manufacture method as this, LDD that overlaps a gate electrode is
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is obtained at the sane tinme a source or drain region is fornmed#% Brgupghz(ghe
sane doping step by utilizing the filmthickness difference (|evel
difference) of the gate electrode. On the other hand, a mask is used to
form LDD that does not overlap a gate electrode in 5 an n-channel TFT of a
pi xel portion. The term sem conductor device in the present invention
refers to devices in general that utilize sem conductor characteristics to
- function, and display devices, representatively, liquid crystal display
devi ces having TFTs, and sem conductor integrated circuits (mcro

pr ocessor $orneidgnal sefradigesgi mannet ican h<haiiey AT red qunayg cirewdi tByis LDD and
the like) .are included therein. BRI EF DESCRIP.'I'IC%\IHLFQZ THE W N I n the
acconpanyi%btwa%tntgg sarpy HEe ajsRuiGh Pr Ain Fegieisipignes thiuehdhs yams{oring ng a
process of G LT | : : T (G it r toal L QN;
SPREIN e G e R s o R A
a TFT accaadihn@tiep hiubk apnagentisedny i DD thhtgkes 36t @rdapB gatecclsekit dmal
views illustrati ngf a process of manufacturing a TFT according to the
presen® i mparhapeel THY ¢fiapixe foEigR. sectional view illustrating a process of
manutacturing a Mgk (GGEOLALAMHER h%cggneﬁlggytres%ﬂtvﬁ%r*tﬂﬂ’refe'r?to Fevicds 3 £ OP

view illustrating tRe" St ructure or '8 pi Xel "'portion of an active nmatrix
substrat e gefdrap thaefliBEE | deanicieipbey dHeMmtetitid @ ffctisn,aatt agpdy idedivss r ati ng
the circuit structure of an active matrix 25 substrate; Figs. 7A and 7B are
secti onal reprewstativelystliquid ryysalpdisplys devicesamatiagt UFhgand seEmcerdusioni ng to
the present invention; Figs. 8A and .8B.are secti.onal vi illustrating a
process ol EHARHEIFHY (CPrPERsaisRER! REPCEe it asEb AV KB 5 15 6

JUL 2605 BLE%he R ANGnIBa @engetional views illustrating a process of
manuf acturing a ”?'FT according to the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying dréwings:
‘Figs. 1A and 1B are sectional views illustrating a process of manufacturing
15  aTFT according to the present invention;
Figs. 2A and 2B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Figs. 3A and 3B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
20 Fig. 4 is a sectional view illustrating a process of manufacturing a TFT
according to the present invention;
Fig. 5 is a top view illustrating the structure of a pixel portion of an active
matrix substrate for a reflective display device;
Fig. 6 is a diagram illustrating the circuit structure of an active matrix
25  substrate;
| Figs. 7A and 7B are sectional views illustrating a process of manufacturing
a TFT according to the present invention;
Figs. 8A and 8B are sectional views illustrating a process of manufacturing

a TFT according to the present invention;
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Fig. 10 is a sectional viewillustrating a process of manufactugigngla 66
according to the present invention; 5 Figs. 11A and 11B are sectional views
illustrating a method of manufacturing a transm ssive di splay device; Fig.
12 is a sectional view showng the structure of a transm ssive liquid
crystal display device; Fig. 13 is a sectional viewillustrating the
structure of a pixel portionina 10 light emtting device; Fig. 14 is a
sectional view showing the structure of a light emtting device; Fig. 15
is a perspective viewillustrating the structure of an active matrix
substrate; Figs. Hg# 9% addEBaresatiagamsvd flustsitingtd pgess pf acashcofiing
manufacturing a 15 sem conducfor filmthat has a crystal structure; Figs.-
17A to 17CTEL @Ccenrafedrtic Tpssat I¥est9s: a process of manufacturing a '

sem conductor filathat. - ; re.  FEi ' . S€ tﬁg_qn al
view illustrati ngﬂlghgas}% ? 3%% %%nga[ %?e%ggl‘%%{iﬁ&%\#egg?%e%(gf gﬂa@gﬁ%%%é@o{ he

present | pyertih®i, thdBrekegsnvehBdn;and 19B are di agranms showi ng structures of
NMOS circuits; Figs. 20A and 20B are di agrams showi ng the structure of a
shift Fegister; Figg KN jandg ldBagwansesHondlngievtse iBeytugingr @ afcthodyadle |ine
driving circuit that is can‘gaseld gf .an n-channel. TFT;, Fig. 22 is a timng
chart of T2QYETYEPS AABOI™SHYRAIP'235°EFG. 23 is a di agram showi ng t he

structure of a dafg hbne aeNoDY vEdvf SHbvWing MBS strbGue OB @ HsRksiad Ligukhannel
TFT, Fig. 24 is a diagramshow ng the structure of a gate line driving

circuit thottal displepdpased of a p-channel TFT, Fig. 25 is a timng chart of

a decoder input sjpgnal; -6 2.6 JU. 2005 Fig. 26 is a djagram showi ng the
structure of a dat® P a&FFWRWgV{?W YWptratingthe SFTECtE@rﬁt{)%gH‘eg]Poﬁloﬁ-leﬁanneI

TFT 10 light emitting device;

Fig. 14 is a sectional view showing the structure of a light emitting device;
Fig. 15 is a perspective view illustrating the structure of an active matrix
substrate;
Figs. 16A to 16E are diagrams illustrating a process of manufacturing a
15  semiconductor film that has a crystal structure;
Figs. 17A to 17C are diagrams illustrating a process of manufacturing a
semiconductor film that has a crystal structure;
Fig. 18 is a sectional view illustrating the structure of an active matrix
substrate of the present invention;
20 Figs. 19A and 19B are diagrams showing structures of NMOS circuits;
Figs. 20A and 20B are diagrams showing the structure of a shift register;
Fig. 21 is a diagram showing the structure of a gate line driving circuit that
is composed of an n-channel TFT;
Fig. 22 is a timing chart of a decoder input signal;
25 Fig. 23 is a diagram showing the structure of a data line driving circuit that
is composed of an n-channel TFT;
Fig. 24 is a diagram showing the structure of a gate line driving circuit that
is composed of a p-channel TFT; |

Fig. 25 is a timing chart of a decoder input signal;
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Figs. 27A to 27F are di agrans showi ng exanpl es of a sem conducto gegugeﬁ}ﬂﬁ
-5 Figs. 28A to 28C are diagrams show ng exanples of a sem conduct?b

device; Fig. 29 is a diagramillustrating a process of manufacturing a

sem conductor filmthat has a crystal structure; Fig. 30 is a graph

showi ng the profile of phosphorus doping through a gate 10 insulating film
and a tantalumnitride film and Fig. 31 is a graph obtained by fitting

t hrough conversion of the tantalum nitride filmthickness into the gate
insulating filmthickness in which the former is nmultiplied by a constant.
15 DETAI LED DESCRIgP 262 dRgrHE sIRERERREDENBODE MERES ineRhboy centit bde 1 An
enbodi ment node of thehgregi{gjg invention will be described with reference
to Figs. RRPSET of g pghanpe iled descri pti on is given on a method of o
si mul t aneously f oi, t r on and
TFTs (an 20 n- chg%gr?e:m%ﬁ&b aZZS 2@3&3 nne 1%? % p%?."\f??\gkfé’?éro@gﬁt? hat
are placedvicgar the pixel portion. In Fig. 1A, a substrate 101 is a gl ass
substrate, a quar{z substrate, or a ceram ¢ substrate. A silicon
substPate, netal Fs¥hstPai® BF arafingees shoadne sepaplearad, a iempcongpctor

i nsul at'i NGyibl mfornmed on its surface may be used instead. A plastic
substrate nay 25 also be used if it has a heat resistance that can

Wi thstand the pragess it edaRerah Uletding Npcess B atiniROturNB dSemiddndhctor
insulating filnms 102 and 3 are fornmed on the substrate 101. The first
insul atid gmfthiltrl’@sgﬁtﬁmlﬁfélﬁféuﬂﬁave a two-layer structure but they may of

course have I Iaye ructu ) m conduct |lm; 104. to 107 are
seni conduct or s hfn\ﬁ?ﬁ’@ I 4-gpap] OE’UEg %(%o gtpg g‘f"f”ﬁ Ring thigygh a g e
sem g@ndqﬁgu@gtlnfglfmn@raqaﬁmuﬂ ﬁ[ﬁ-{hel}*ﬂnpraﬂ@t aI | i zi ng anor phous sem conductor
films that are formed on the first insulating filns. After deposition, the
anor phous sem cofigicilors 4 igtaph ditanat by tiating feoudhycdwatsidr efatheeantalum | aser
| i ght

g nitride film thickness into the gate insulating film thickness in which the former is

multiplied by a constant.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment Mode 1

An embodiment mode of the present invention will be described with
reference to Figs. 1A to 6. Here, a detailed description is given on a method of
simultaneously forming on the same substrate a TFT for a pixel portion and TFTs (an

20 n-channel TFT and a p-channel TFT) for driving circuits that are placed near the pixel
portion.

In Fig. 1A, a substrate 101 is a glass substrate, a quartz substrate, or a
ceramic substrate. A silicon substrate, metal substrate or stainless steel substrate, with
an insulating film formed on its surface may be used instead. A plastic substrate may

25  also be used if it has a heat resistance that can withstand the process temperature of this
embodiment mode.

First insulating films 102 and 103 are formed on the substrate 101. The
first insulating films shown here have a two-layer structure but they may of course have

a single layer structure. Semiconductor films 104 to 107 are semiconductors having a
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irradiation. The material of the anorphous sem conductor filmsqigs Jm_t 2005
limted but 5 silicon or a silicon germanium (Si.Gel . x; 0 <X <1,
typically x = 0.001 to 0.05) alloy is preferably used. Wen the anorphous
sem conductor films are crystallized by laser light irradiation, a pulse
oscillation type or continuous-wave gas |laser or solid laser is enployed.
Exanpl es of gas |asers used include a KrF excinmer |aser, an ArF exciner 10
| aser, and a XeCl exciner laser. In a laser emtter enployed, crystals of
YAG YVO4, YLF, YAL®3 or the like are doped with C, Nd, Er, Ho, Ce, Co,
Ti, or Tmrystlt suegine. \/Ehwismgic&nmmrﬁlmtzee ichlasnadsleyd cfyatallddipg agoriboas
fundanment al wave of | aser ht emtted fromthe |laser emtter has a
wavel engt¥§mggonslugipg Blms that EFﬁ medron;the EIF%FélﬂS&laFliﬂ&éﬂmﬁe AfpiodgpRsitien. the

Sem Conduuaq‘lﬁ&Phédsl Wnic et ! ]flﬂltl]g @Scrﬁs?alﬁ Sh lelgeak t?e ng tfgs%r bl?/%htt he 15

sem cond 1l ne. erefore, i isTpre era 106se”] asar ght

havi ng a imeaMabendrit betsteenths ablogpHoay sam@l:ouhﬁdt@vmh@ﬁs haY lipfiddtiut use
second harnonic to fourth harnonic of the fundanmental wave. ipl cally, the

armr pﬁousSllsqu'@rﬁzﬂmﬂcgemelﬁm @671 o4 stk poirally ixrg068t oma.0rpallmnis c (532

by \%?4 Srﬁgser emtter (fundanental wave: 1064 nn). O her than
that gasprf:% VBt ter such as an argon laser enitter and a 20 krypton

| aser emitter canyhg, lﬂﬁeEQmogﬁ:fo% %exﬁfcl’)ﬁ&ﬁ%r‘ ﬁﬁ‘;ﬁ £ crkfl@[h%@rb hl‘aéb? light
sem conductor films may b ni ckel or ot msta el emsnts t hat

have a caitmabiation, effudset omﬂlalmylsnypéIorzajntmmomsiwa\&egascmekuot eoHd B is
i nstance, a solution containing nickel is held to.the surface_of an

amor phoustBPIPYehn FrsamplesH gap fsersi yspd includiern Krla padmenlasgo st ArB eXgMFour )
@and 2% 5&%&?%@4 kxgis{:%ﬁsﬁ k! O Qﬁa{i&ﬁér{l@%yaﬁ@' gécﬁ%ws%ﬂs &Pﬁ(ﬁ%}?%égf four

hour s mis Irradiate secon noni ¢

cont i nuouYLF;aYAl@ﬁ@euhe llikghate S@jedotietd Ck,rad) Br, HYACe) @8£Ti, oa TMOAllamgh, and a
YLF laser to inprove the crystallinity. Next, a second insulating film 108
i s for medvarpingdebyeenpaterins seddor deming.fthe fandamantulowagrof v light gRiited
insulatin

08 | 005
silicon a ﬁmfh I E?I?E‘E!?rgsu eBgt% ?}Juf[ b Cor%“mrhggtoﬁ e&ﬁﬂ&%s%“%e %Sf i's
set to 404h&rp hé&osaﬁicoffdnﬁ;t&eﬁﬁﬁsd 1h§2s l{ﬁg‘h'ft'lﬁg thl ﬂ;énsél%t[{%@ aBs BV E Lyt 118

sem conductor films 104 to 107 is used as a gate insulating fil mof t he
TFTs Ifanuseautendadtor nfilnds. s Biepefdiepeintis preferable to choose laser light baving a
wavelength between visible ray and ultraviolet ray and to use second harmonic to fourth
harmonic of the fundamental wave. Typically, the amorphous semiconductor films are
crystallized using second harmonic (532 nm) by a Nd:YVOy laser emitter (fundamental
wave: 1064 nm). Other than that, gas laser emitter such as an argon laser emitter and a
20  krypton laser emitter can be used.

_ Before crystallization, the amorphous semiconductor films may be doped
with nickel or other metal elements that have a catalytic effect on crystallization of
semiconductors. For instance, a solution containing nickel is held to the surface of an
amorphous silicon film, and the film is dehydrated (at 500°C for an hour) and

25 subsequently subjected to thermal cryétallization (at 550°C for four hours). Then, the
o film is irradiated with second harmonic of continuous-wave laser light selected from a
YAG laser, a YVOyq laser, and a YLF laser to improve the crystallinity.

Next, a second insulating film 108 is formed to cover the semiconductor

films 104 to 107. The second insulating film 108 is an insulating film containing
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node. 5 A conductive filmfor formng a gate electrode and a w rh(ra@ 4bLnQpr§
formed on the second insulating film108. A gate electrode in t esent
invention is forned froma lamnate of two or nore |ayers of conductl ve
films. Afirst conductive film109 is formed on the second insulating film
108 froma nitride of a high nelting point netal such as nol ybdenum or
tungsten. A second conductive film 110 is fornmed on the first 10 conductive
filmfroma high nelting point metal, or froma |low resistive netal such as
al um num and copper, or frompolysilicon. Specifically, a nitride of one or
mor e ki ndsilicof ard &Jmndbysvéasamt@HDfor@pumMggr dhp tidokrsiss thermgf of seo &bfo Ta,

and Ti is ed f the f rst COH?UC'[I ve fil mwhereas the second conductive

film uses afh M1 o\pegeEcieingilating Blpilamed tgrcogpiihe emi@BlacPLHlms Pf the
group Conslp? tlé 'ﬁgecpfi O%?M) %\Ssgﬁtm%ﬁﬂ#ﬁ:ﬂﬁ%maﬂﬁfa&u}éﬁp th}s5 irfb? me Y oare

pol ycrystalline si resi st

formed nexdodeo perform first etching treatnent on the fi rst conducti ve
filmand the second conductive film_ Fornmed through this etching treatnent
are fiPst shape eleeandyeléts filusfardommigstangate gleetrodeayer awinnsolinriistihenediges

and 11t ARSI LNIlLR TR 8. 2Adld Bucie (8 BChodeR LR 20 fper o0

an angle o ons o secon I'nsu [ m are

not covegggh Maﬁﬂn&t@‘@ff\mﬁ 6t meRARGere bEEdHd0ERR HAf. t@ﬁﬂsBC@mcﬁmlm 13 shape
wiring lines 114 and 115 are etched and thinned by 20 to 50 nm First

dopi ng t r éafomsad oetipl swgend weulatimg Gim 408 &nm zomtmttmofch)kmghgnamng/mmqmeﬁabns are

i njected w thout S separation. %n th 9 L‘E {) t sha eill.ectrodes
11626 udtn B WBIGuET BEARRRRE b Socommoprduhi¥ phdab b e PR Ss |
regi opg 123,4iR:it<GilA NG }ﬁgd]ﬁtféftfd Vibdit rhé/tﬁ’leol' Rrolg 1@@%5%@1@9%&8%11&'1 Lgs 104
to 107. The first concentration | equal fo 1 x 1017 to 1 x

- at ons/ cnB.aliMintnmudndroeppar] ergfrérh gotyadicsh. n%;aelcmcﬁ]lﬂ, atmtrikﬂe@f oseoormbrcekmﬁs ng

treatnment is. conducted as shown in Fi (t:l ILn this etching treat rrent t he
second cordGiemeREs selecks-fom thy gropp sensiting oéa’%,bé%t@d apd Thisivset Ko iiet chi ng

L s L e
with the Sﬁ%ﬁiﬁ@kn@'@P&teﬁﬂ £6h tBel 8%up 26ndiQink2ST WNHEIL e, wmmldsmmﬁ Mypé NY
15 Ipolyc_rystalline silicon.
As shown in Fig. 1B, resist masks 111 to 114 are formed next to perform
first etching treatment on the first conductive film and the second conductive film.
Formed through this etching treatment are first shape electrodes 116 to 118 that are
tapered around the edges and first shape wiring lines 114 and 115. The electrodes are
20  tapered at an angle of 45 to 75°. Regions of the second insulating film 122 that are not
~ covered with the first shape electrodes 116 to 118 and the first shape wiring lines 114
and 115 are etched and thinned by 20 to 50 nm.
First doping treatment employs ion implantation, or ion doping in which
ions are injected without mass separation. In the doping, the first shape electrodes 116
25  to 118 are used as masks to form first cogcentration impurity regions 123 to 126 of one
conductivity type in the semiconductor films 104 to 107. The first concentration is
equal to 1 x 10" to 1 x 10" atoms/cm”.
Without removing the resist masks 111 to 114, second etching treatment is

conducted as shown in Fig. 2A. In this etching treatment, the second conductive film

-9.




lines 130 and 131 are etched and thinned by 20 to 50 nm 5 Ther gaft g, #i5
mask 133 for covering the entirety of the sem conductor film 104, a mask
134 for covering the second shape el ectrode 129 that is placed on the

sem conductor film 106, and a mask 134 for covering the sem conductor film
107 are fornmed to conduct second doping treatnent. Through the second
doping treatnent, a second concentration inpurity region of the one
conductivity type is formed in the 10 sem conductor film 105 and third
concentration_ inpurity regions of the one conduct|V|tygfq¥£e are formed in

the sem cBnBbd o MHECUDE gi5anEd8. fopm ssseemlyshaph vt / i%rdaria regi on

posi i on Seabt SERPRHARE FhiY SRR 18, | SRR of BudeRid nBluGL A, [ROAE, 2 °

second shﬁmecoel:@atwmdmels%aondTmFe RRdfrbdex 1Q7ME8N 2DVantdane s@phdghdde wirdpsm t s
through the first conductive film 128a before the sem conductor filmis

doped.  Thesselgraad 18herawniphsdrand thinesneshyr HhioriOmgn t he sem conductor filmis

reduced to nake t ncentra in the gi on | ower. t t he :
third %oncent rati Jgﬁerﬁgf??’paelqa E#???f Corvgﬂﬁl%h? n%ﬁeé R §ye %rbdﬁlgté’ﬁ{ﬁl%’ti on in
the regi ofpd 3p nfask 434 f%Q,co%nﬂgoth% eddildha ?& QMRAGHB 120 khirr i fi9deaes kiRl i on
inpurity regions 136 and 137 are doped with an n type inpurity in 20 a
concent r aséroromfucior il R, tand la ma330134aﬁoonﬁidﬁwg thilesibiconduceyi f8im ABEkIc138 i s

formed as _shown in Fi 3A . to conduct third dopi tnent . For nmed
t hrough t FEMEA;tP &O%ﬁgﬁi‘g@fﬂéa?wgﬁfeamwh E@Hs%ﬁwoﬁ%?@f doging Fﬁeatm?narae a

four L ORREANIBhLARALER LY SEIANAHR G LOBLANIGY a@m@ el 1y e (2

conducti vi osSlIt conductivity

conceng r ai;etrﬁi&o&ﬁld(ﬁ‘ﬁﬂﬁll 105 dne ghiehcoéntedtioh hxﬁp@xﬁﬂ?&égﬁﬁmﬁﬁmé bivé tghdhytp‘ﬁty The
fourth concentration inpurity region of the other conductivity type is

f ormed i ntyperasgfosmed ﬁath6@9@ﬂoa@~§tQTﬁéH§é86ﬁﬂd 18hape el ectrode 127, and is
doped with the i n%rl t ncentr X 1019

atoms/ e, This | piPriy CREREECP dEPafaE e oie rearor s iR Pa
PR A R A A L E‘Sfi‘%‘é%‘ﬂﬁg‘“é“?”{%%%m oty
at oms/ cnB thal koostghtes hiee atyoné sha@pslpctr@@ %s ddpehpwiityhgivapayi oinedopare
];glr—]tmrs g!p : |n ﬁ%ﬂ%}éﬁt%meggtlg%&sgggld%%geu 528];1I blegsrefﬂ?er Segnqgor%ltjlrcl%?%?m ?g doped.
Therefore, the number of ions reaching the semiconductor film is reduced to make the
concentration in the region 135 lower than in the third concentration n type impurity
regions. The impurity concentration in the region 135is 1 x 10 to 1 x 10"7 atoms/cm’.
Third concentration impurity regions 136 and 137 are doped with an n type impurity in
20  a concentration of 1 x 10°® to 1 x 10°' atoms/cm’.
| Next, a resist mask 138 is formed as shown in Fig. 3A to conduct third
doping treatment. Formed through the third doping treatment in the semiconductor
film 104 are a fourth concentration impurity region 139 of the other conductivity type (a
conductivity type opposite to the one conductivity type) and a fifth concentration
25  impurity region 140 of the other conductivity type. The fourth concentration impurity
- region of the other conductivity type is formed in a region that overlaps the second
shape electrode 127, and is doped with the impurity element in a concentration of 1 x

10'® to 1 x 10*° atoms/cm®.  This impurity concentration allows the region to function

as LDD. The fifth concentration impurity region 140 is doped with the impurity
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second shape el ectrodes 127 to 129 serve as gate el ectrodes. ? ? EOQ%S
shape wiring 5 line 130 serves as one of electrodes that constttute
storage capacitor in the pixel portion. The second shape w ring Ilne 131
forms a data line in the pixel portion. Athird insulating film143 is
formed next by plasma CVD or sputtering. The third insulating film2143 is
a silicon oxynitride film a silicon oxide film or the like. Thereafter,
the inmputity el ements doped into the sem conductor filns are 10 activated
as shown in Fig. 3B. This activation step is carried out using a furnace

anneal i Ngelghe® ih aRbicdnhefismbs 2anedlé B 10RTAIms/ IR heat treatnent is
conducted in a nitrogen atnosphere at a tenperature of 400 to 700C,

typically, 450 tolsooegh the| ab@wemps,l ragions dopeslavith gmpsiing e domekedhiar toni ¢
(532 nm of YAG | aser b € oyed. The sem conductor fil ns

(o2 ol aiteective sABbadthr R rBhi® ot SR RO PR ARnEE eleptr . aﬁf‘ﬁﬁvat e
the lrmurget:afn@éxﬁg_s}ete%tm&'éaqz@% lm@fsér@@ agrgét@%cﬁédéaot Tht @ééoﬁg 1}1 ﬁlﬁgt l'i ght

irradiation and using a lanp I'1ght Source nmay be enpl oye t he
sem céndulitod 30 iskrves hy cmubcyfedbmtrcgles)mlmt aondronite ESB(ﬂ)&%BOé&phh&)tSlUb&brIﬂiﬁ to

| anp |ight source radlcfltlon shown in Fig. 4, a fourth insulating film
144 nmade PATHSR i Espscrprd shgae pdringlang b foprpy ﬁabyem%rﬁ’ﬁie@@t@ﬁ have a

thi ckness of 50 L8 4 iPaint 1885 Rl A0 ol S a00gHCh o 08, o ean

oven to hydrogenate e sem ctor rogen rel*feased™from

the sili cDRe thiddrihgi@atfgl filtin mfls ktshicoR Sxratridedilinl éml&éﬁioﬁaeiﬁhﬁforane gkgani c
insulating material is formed next on the fourth insulating film144. An

organi ¢ i nsul at i nfhaveafter.i te lmuu%demn@rmﬁd img the Sblév?@hdmdﬂéf Blmsettost
surf eof the fifth insulati l.m ont act . es pierc through
Che tfl r RSLRSaH 45 HORLL P T STapdagh o st oy uRpE s e

this et Cﬁﬂrﬁgh%g eAL TeRH, thE B %ﬁﬁeaﬁflg t(ﬁ?A} hififd £t blehidnt RSedfAbLERE if il m;
that are placed in an external Input term nal portion are renoved. A
titani um fitlogemntimasphateumi nurenfietamreacte 40@yter 22D°Co tﬁ/pmcaﬁy;\n 430n¢p 15068S. 146 to

149, a pixel electrode 151, a scanning line 152, a - 6 JUL 20Q
connect i ofskrdc arsgla@mlaga@nga%nga SWWn@“M"H@ 53 pRYt Ofl ¥%Hﬁ%&t‘§ﬂy 876 t he

Ry %&gﬁred t eﬁ%@ %gdlcoddfuc&)p B Ere GIRANES Wit he Lo hirfbrdiy P28 the

ot her conduttrvity
15 of YAG laser to activate the impurity elements. The activation method is not limited to

laser light irradiation and RTA using a lamp light source may be employed to heat the
semiconductor films by subjecting one or both sides of the substrate to lamp light source
radiation.

As shown in Fig. 4, a fourth insulating film 144 made of silicon nitride is

20  then formed by plasma CVD to have a thickness of 50 to 100 nm. Heat treatment at

~ 410°C is conducted in a clean oven to hydrogenate the semiconductor films with
hydrogen released from the silicon nitride film.

A fifth insulating film 145 made of an organic insulating material is formed

next on the fourth insulating film 144. An organic insulating material is used in order

25  to level the outermost surface of the fifth insulating film. Then, contact holes i)iercing

through the third to fifth insulating films are formed by etching treatment. In this

etching treatment, regions of the third to fifth insulating films that are placed in an

external input terminal portion are removed. A titanium film and an aluminum film

are layered to form wiring lines 146 to 149, a pixel electrode 151, a scanning line 152, a
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(opposite to the one conductivity type) is p type, a driving c%ncgmk
that has a 5 p-channel TFT 200 and a first n-channel TFT 201 & “pi xer
portion 206 that has a second n-channel TFT 203 and a capacitor portion
204 are formed on the same substrate through the above steps. The
capacitor portion 204 is conposed of the sem conductor film 107, a part of
the second insulating film 122, and the first shape capacitance w ring

line 130. 10 The p-channel TFT 200 of the driving circuit 205 has a channel
formation region 154, the fifth concentration p type inpurity region 140
pl aced oueaingeliasf eleqirode JgBomntl @Méxdng boke 133 that fratonsested® Hs cxteymalanpiiect r ode
(the reglﬁn 140 functions as a source region or a drain region), and the
fourth cofCBHEtati on p type inpurity region (LDD) that overlaps the second

el ectrode 127. 15;Tie ddef 8bnddcGNBNRF)e §H] 1960 ah@sna (ﬁﬁ@n&fhldufzt?ﬁ%ﬁwﬁén
regi on 155, the second concentrati'on n type inpurity region 124 (CLDD)

over | appi (epposie tetendns bapbicaliectymies pl et hadrigeg whsuias20a gat das a

| ectrod d trat t t 135 that
Funct ‘onsbssapeh SETCA el AT m danel PR GlF 94 Frhae! Barten 206 it b | n
the Cha”EE%bm‘tl ﬁ{&ﬂ%@w‘i"ﬂﬁ%%d a%&% go gﬁorﬁ 20 2651 %c%arﬁggﬁtﬁ'r ot s LDD

structure 1S preventi ng i'on caused mai nl t carrier

ef fect. Theouphchanbele stépk. and cifaeitpr gorasnmeds Erebng@Bedes ws eekntoonaﬂmm a
shift register circuit, a buffer circuit, a level shifter circuit, a latch
circuit, ’étr@ 10T+repast plibe aeqond finsukaeing filro (123, andathe Srst FRapezRadigneswitgh| e
especiaIIY ﬁg a buffer circuit that is high in driving voltage because the
structure™ta %revent degradation by hot carrier effect. 25 The second

n-chapmel TFT 2037Ré pldhenddl XET AR & QB #R&sharud 3aR6) chah@artetﬂlmbrf egi on
156, the first concentratlon n type inmpurity region 125 formed outside of

t he secondgdmapes, eﬂhecftfttndtmcmlgattolnap e gsIrits regigatl 40 gllaet rontkede ahtha he
third concenér tioB g B ur|t eglon 136 that fun%élons as a source
regi on or S%°8 strofle Jghaipses fei glgotracdg AN TR & for ned
in the Se%lg?@%gi&%rfd drih 10ion ,%n& tg Oﬁdﬂnphe tcergtl'%@l%h O&’%e%ﬁa B8, Rlgion

el ect r odes e capacitor r i on I Xe t'ron 6 has t he
pi xel eIeCLDD@ﬁuiEﬁmﬁ@dﬂkhﬁmﬁﬁhmﬁmbdem27eIectrode 150 that connects the

data line 131 to the third concentration n ty urit

15 The first n-channel TFT 201 has a channe form ion reglon 155, the second
concentration n type impurity region 124 (LDD) overlapping the second shape electrode
128 that serves as a gate electrode, and the third concentration n type impurity region
135 that functions as a source region or a drain region. The length of the LDD in the
channel length direction is 0.5 to 2.5 wm, preferably 1.5 um. This LDD structure is for

20 preventing TFT degradation caused mainly by hot carrier effect. The n-channel TFT
and the p-channel TFT can be used to form a shift register circuit, a buffer circuit, a
level shifter circuit, a latch circuit, etc.  The structuré of the first a-channel TFT 201 is
suitable especially for a buffer circuit that is high in driving voltage because the
structure can prevent degradation by hot carrier effect.

25 The second n-channel TFT 203 of the pixel portion 206 has a channel
formation region 156, the first concentration n type impurity region 125 formed outside
of the second shape electrode 129 that serves as a gate clectrode, and the third

concentration n type impurity region 136 that functions as a source region or a drain

region. P type impurity regions 141 and 142 are formed in the semiconductor film 107
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region 136 of the sem conductor film 106. The pixel portion al 59 @a\mrt hen:
gate wiring 5 |ine 152, which, though not shown in the drawi ng, i D
connected to the second shape electrode 129 that functions as a gate

el ectrode. As descri bed above, the present invention nmakes it possible to
formon the sane substrate a first n-channel TFT, which has a one
conductivity type inpurity region wth LDD that overlaps a gate el ectrode,
and a second n-channel TFT in which LDD 10 does not overlap a gate

el ectrode. The two types of TFTs are separately arranged in circuits of

di f f er enttha fercivnoas aendicldcondss dfohe raapamitdr@prtimeZO#FT inadriving circuit
portion and the other, TFT in a_pixel portion. In the p-channel TFT, LDD

-~ overlaps a gate ldFeRiFfloRRrion g6 has thepixef slerugds rilStlhi“éd S SATHREHET node,

whi ch has, écﬂ%dé"’lSq 19 co&l%cfé' thé H%t% 11?18&%'1 20 tr?eot%nﬁ%ﬂnée*ﬁ‘?raﬁbﬁ‘ﬁ' g{%oirn]iﬂlug 206, is

referred 0 as active ma conveni ences active

mat ri X subgibh aBe of @it fenitGrilclop fmmw%actrué gix@l posiphako e\ the gatofwitigg i ve
matri x dri vr]g%e The active matrix substrate in this enbodi nrent node has its
pi xel Sel éuw vrmhxébplrghorﬁtaﬁhpww thefirardng.vie cparestadalo, thyrigcedesepdr e can

- make a er t xsta ay device. Aliquid crystal display
devi ce ase fcl ;‘Zgglaggmf %If“?t e?rﬁak ?q%%p 8\“ ce in which an organic |ight

em tting device igs #sefbddibode ¥ PhesBRihlQtion GAdkeP &t PRRBMIAG! 4B hnl thom t he .
active matrix substrate. Enbodi nent Mbde 2 Anot her enbodi ment node of the

present isamenstubsratev Fikst pechdmsd r’ﬂﬂTedhwhthlas a2be reddacavitetypo iRpgsty régiono 10.
Here, a detailed description is n on a 9&dﬁod of .I t%egﬁﬁ
forming ofith kT s oembans e gac gl #1905 gpd 2 BE ﬁerlmeb ¢

n- chapnel T) [ l:aced in
The a0r i yor e o e e e B B e e
i nsul ati I‘lgrcfliti; I8 , différents eparaiord awiditions,l for 26:htdple, fdne MBET d@nd: tfieingarictunt i ve
films in Enbodi nent Mode 1 applies to a substrate 301, first insulating

filnms 30Paaien 3ubihesethercBRE i @ Hixdl inoRipnz04n thy melranngl TELORRD pisilogs Png film

308, a frrazellg&nd ctive film 309, and a second conductive film310 in Fig.
7A. Masks®*3A1% “312 are formed in Fig. 7B. The mask 311 covers the

The substrate formed in this embodiment mode, which has the driving

15  circuit portion 205 and the pixel portion 206, is referred to as active matrix substrate for
conveniences’ sake. This active matrix substrate can be used to manufacture a display
device of active matrix driving. The active matrix substrate in this embodiment mode

has its pixel electrode formed from a light reflective material, and therefore can make a
reflective liquid crystal display device. A liquid crystal display device as well as a

20  light emitting device in which an organic light emitting device is used for a pixel portion

~ can be manufactured from the active matrix substrate.

Embodiment Mode 2

Another embodiment mode of the present invention will be described with
25  reference to Figs. 7A to 10. Here, a detailed description is given on a method of
simultaneously forming on the same substrate a TFT for a pixel portion and TFTs (an
n-channel TFT and a p-channel TFT) for driving circuits that are placed in the periphery

of the pixel portion.

The description on the substrate, the insulating films, the semiconductor

-13 -




5 driving circuit portion whereas the mask 312 covers the pixelgortiLodlth
Wth the masks covering the pixel and driving circuit portions, the first
conductive filmand the second conductive filmare etched in first etching
treatnment to forma first shape el ectrode 313 and first shape wiring |lines
314 and 315 (the electrode is conposed of a first conductive film 313a and
a second conductive film313b, the wiring line 314 of a first conductive 10
film 31l4a and a second conductive film 314b, the wiring line 315 of a first
conductive film 315a and a second conductive film 315b). Next, the

sem condudmsy aid thgsogds:tiag dilms iy Embedigupe Mode tlhapphics Hpu silsirate| ¥dehtst of one

S er ity iR At B ondus 8 s A L P PRt gsb s S8R Bl s o
311 and 33 Ake LeRMEY. Al sbdeRda PaRK c%gﬂu&it}@tf 1&%\1@%%%“ rst shape

el ectrode 313 and the first shape wiring Iines 3114 and 3 Is formed as
shown in Fig. 8AM#AkikstIHr andB3R ar3 ¥8mied B2Bigari. f drieshadn 3t hecodérs hag

circuit portion to formfirst shape electrodes 321 to 323.in the driving
ci rcuidt pEHMTHATTHRTRATEN ?@E’@ﬁ%theéﬁ@iﬁﬁﬂa coyaathvarrc! pogiome With Hie IR ng

t r eat ment i r for.. e ! first
conduct i v€ Pllq ?%&gr%Q(ﬁ%gqsdz%g%ﬁ %(1)1& S’gtﬁﬁg’glth’re ?{r%%gaéhéﬁ%f{lgp%ﬂ?ghgg%%ggi ons

around t h&nadgis filin &8 ctdhgl én Gtst 4ehing tfaimdiieo s@aondiretsbifiengedifodatn@nt i s
followed by third etching treatnment as shown in Fig. 8B. The third etching
t r eat ment andsfirsiothape wédng Muss\3 14 nadh BhY (thi elegisedsrig composed wd adirstviendyqtiyet o form

second shape ectrodes 324 to0,.32 second sha el ect r.odes have

o of ect 1 ol 3174 LT SCOnA eRCHVE Pl 1308 vgrnbBEF S, SRR RERT AR

el ectyrpodeg 334120 B30l RoMBRAvASINBIKS, hd wiBEONHe 3UOBF RYirir @AlERRE,
utilizing the filmthickness difference between the first conductive filns
324a and BR25a1%mahd hecent onmductdvedijiot 3140).f | Negt, 824bminedd8260imAs304 andsul t

-14 2 6 JUL t3-a inpurity regions of the one conductivity type are. forned
in the set’caHdderssy “ifh % ULy, pgmepis of §§E&?&Q%‘6W&t¥nttyi’ t! o{ﬁrsf %’BH‘P& y

AR S i I L Sl S S R e AL ey
regi ons 3dohdasxiviBa§paf the one conductivity type are fornmed in

15 The masks 311 and 312 are removed and then a mask 317 that covers the
first shape electrode 313 and the first shape wiring lines 314 and 315 is formed as
-shown in Fig. 8A. Further, masks 318 to 320 are formed on the driving circuit portion
to form first shape electrodes 321 to 323 in the driving circuit portion through second
etching treatment.

20 The first etching treatment and the second etching treatment are both for
etching the first conductive film and the second conductive film to form tapered
portions around the edges at an angle of 45 to 75°.

The second etching treatment is followéd by third etching treatment as
shown in Fig. 8B. The third etching treatment is for selectively etching the second

25 conductive film to form second shape electrodes 324 to 326. The second shape
electrodes have projections of first conductive films 324a to 326a.

The second shape electrodes 324 and 325 are used as masks in second
doping treatment, utilizing the film thickness difference between the first conductive

films 324a and 325a and the second conductive films 324b and 325b. As a result,
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5 regions outside the second shape el ectrodes. A third concentr ti%L naas
inmpurity region 329 of the one conductivity type is formed in: e o83
sem conductor film 306. Thereafter, masks 332 and 333 are formed as shown
in Fig. 9A to dope the sem conductor film304 with an inpurity of the

ot her conductivity type through third doping treatnment. The resultant
inpurity regions are a fourth concentration inpurity 10 region 335 of the
ot her conductivity type and a fifth concentration inpurity region 334 of

t he ot her conductivity type. Afifth concentration inpurity region 336 of

t he ot her impwitduegions dfythe yyeecondudtivityegbe are fdrened entlecachicindnctbs filnSHA.
Subsequent | a third insulating film337 is fornmed and the inpurities used
to dope t H%‘Y 38t RTERE FoRCeRinatAn IRpErifticeirRs 830 aneidP A oL the EMoTIRERE YVDde 1.
15 A four i nsul.at:i fi 338 i h f d S i i 10.and is
subjectedhgg %%aba%?gang%?ka 2&%%#%0 ﬁ%%%ge%%'% ?’%ﬂggﬂfg%%eﬁcgggpfilns.
Afifth iaseh@iticiinipurity 23ons 327 ehdBds ReXic et ddndudtbiitytthpd meUbahédth film
338 froman organic insulating material. An organic insulating material is
used ih oruEenstaytIida/EE seepad skapeelasatess udf hid copcantation mpmrithsagien 338y film

Then, contagt hol es. pi.ercing.through the 20 third to fifth insulating filns
are T or nod! B BERTHG TS bR R the Sl 18 s, "5 e

el ectrode 345, a gatRafiNRaddB332amd B hrideNs sBdwn anHip39A Brdpt eigred. | f
the one conductivity type is n type and the other conductivity type

(opposi t e s¢micohéuotorefilon Ao etithvant impurite pf ithe pthey paduatidiy yipadghongle thitd 405
t hat has p- channel ng 400 and a tirst.n-changel TFT 401 and a pLer
portion 4086PPRATCARENty $Be SSEUHY MPEHEHSEIOnTER 46 Hh o ANRL F8H50r t i on

404 ay or 9%%?:? IB%% oggﬁ: o?ﬁéf%oﬁ%fvﬁ?téfpe zhxlaraoﬂﬂﬂ ch nﬁg%fﬁlnﬁuﬁ reglfi334

capaci I'S conpose the sem conduct or 307, a part of
a second iofishd @hemepriduttiviBoihpe.andl fifthecdncestatioh apeudapagioh @36efvhe bthgr | i ne
314. The p-channel TFT 400 of the driving circuit 405 has a channel

f or mat i on condcgIVULIG0S [rEgH dhthg sgnicopdud@ i Poncent rati on i mpurity

region 332 of the abNeheARNAEL iy By 3976 o2l hd grﬁ'?lﬂit%g’u@gd to

overlap the secon . ( . erves 'as a gate ctro and t he
fifth congsnbpaiht QmicaREd bl AtORIB3d Gimildd € BiBBHinkANNGALIVi ty type

whi ch is placed outside of the second el ectrode 324.

15 A fourth insulating film 338 is then formed as shown in Fig. 10 and is
subjected to heat treatment at 410C° to hydrogenate the semiconductor films. A fifth
insulating film 339 is formed next on the fourth insulating film 338 from an organic
insulating material. An organic insulating material is used in order to level the
outermost surface of the fifth insulating film. Then, contact holes piercing through the

20  third to fifth insulating {ilms are formed by etching treatment. Wiring lines 340 to 343,
a pixel electrode 345, a gate line 346, and wiring lines 344 and 347 are formed.
If the one conductivity type is n type and the other conductivity type
(opposite to the one conductivity type) is p type, a driving circuit 405 that has a
p-channel TFT 400 and a first ﬁ-channel TIFT 401 and a pixel portion 406 that has a
25  second n-channel TFT 403 and a capacitor portion 404 are formed on the same substrate
through the above steps. The capacitor portion 404 is composed of the semiconductor
film 307, a part of a second insulating film 361, and the first shape capacitance wiring
line 314.
The p-channel TFT 400 of the driving circuit 405 has a channel formation
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5 The first n-channel TFT 401 has a channel formation region 34pg tbe 2005
second concentration inpurity region (LDD region) 331 of the one
conductivity type which overlaps the second shape el ectrode 325 serving as
a gate electrode, and the third concentration inpurity region 328 of the
one conductivity type that functions as a source region or a drain region.
The length of the LDD in the channel length direction 10 is 0.5 to 2.5 m
preferably 1.5 km This LDD structure is for preventing TFT degradation
caused mainly by hot carrier effect. The n-channel TFT and the p-channel

TFT can hegidaeds! Ml orbhitdtionagipstie) regionCItof the bikkf EdnduttiGity typea | evel
shifter circuit, a latch circuit, etc. The structure of the first

n- channel whiFlT ig @esitisnelibe ablie ovefharc el segofd elecodnuBR4e thagiservgh @astangatei s hi gh
in driving volta ecayse the structure can vent 15 degradatjon by hot
carrier cfrrs R BB Ranse i ey i SIEYERE ol SBEETE 86 has
channel \I/Ri'&ﬁr?stﬁlg&dr&@i@bﬁﬁgse&ﬂ@elfei‘,tl}&fe pgncentration inpurity region 316

of the one <conductivity type which is fornmed outside of the first shape

el ect sode 313 serThentiysas-channgbTEl dDé by odennelndrhéteont legiod 3d¢Bntbentaoatii on

impurity region 329 of the one conductivi tl\; 20 type that functions as a
source r egMEENIEIOR THPHIE FeeiinotlDIA regioph 326 0¢ db PAE cORUCHBY tYRF WRESi on 336

of the ot uct Vit i S.f [ ' t Il 07 that
Funct s ons- RafR MRl sheld BRetad RITRERME, b8 AR REIUE A e Bl s
above, .t heyngatitatioh eiedgugithe rédiord 38 difi the NgheCédnluttivipOtylpk afarfthctibies agat e

el ectrode of the pixel portion are structured differently from each other
inthis SEceTEsieneesdrapdesion obiederetirotthenayPria thi ¢hrared dengtipfiredtioget ur es.

The LDD that _overl.aps a gate, el ectrode_.ca formed.in a self:aligning
manner at lshé'éhtoaé'éuﬁ%frg%aﬁ%bl t’r’:ﬂ'ngl_-}ﬁs B‘I’ﬁ? FHESK l%ﬁ%roafeﬁﬁ?{fngllr??6 2 6
JUL 2001 Ao sirhedicARel n?iinlg\lﬁ? HRF E8BBL eftddY MO ciMnhbl DT 888 Gl Pathnkal ow
with reference to Figs. 1 o Fig. 6. Here, a detailed description is

gi ven on AFMethbd uedd tosform latshiferegsstey cironiti snlguflen cirhe@t, sdrecl shifer catet,a TFT

for. a pixel portjion and TFTs (an_ n-channel TET and a p-channel. TFT) for
driving cladufircsity et ThestBicheeat thy fria-penpgdy 4(9]51558“1333%3193?‘8} Yg rtion.

a buffer circuit that is high in driving voltage because the structure can prevent
15  degradation by hot carrier effect.

The second n-channel TFT 403 of the pixel portion 406 has a channel
formation region 350, the first concentration impurity region 316 of the one
conductivity type which is formed outside of the first shape electrode 313 serving as a
gate electrode, and the third concentration impurity region 329 of the one conductivity

20  type that functions as a source region or a drain region. A fifth concentration impurity
region 336 of the other conductivity type is formed in the semiconductor film 307 that
functions as one of electrodes of the capacitor portion 404.

As described above, the gate electrode of the driving circuit portion and the

gate electrode of the pixel portion are structured differently fr()m_ each other in this
25  embodiment mode to obtain TFTs having different LDD structures. The LDD that
overlaps a gate electrode can be formed in a sclf-aligning manner at high accuracy

without using a photo mask.

Embodiment 1
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In Fig. 1A alumno bor05|I|cate glass is used for a substrate 1§lg JA 208k
insulating filmis fornmed on the substrate 101. The first insulating film
inthis enbodinent is a lamnate of a first silicon oxynitride film 102
with a thickness of 50 nm and a second silicon oxynitride film103 with a
t hi ckness of 100 nm The film 102 is 10 forned using as reaction gas Si H4,
NH3, and N20. The film 103 is forned using as reaction gas SiH4 and N2O.
Sem conductor filnms 104 to 107 are sem conductors having a crystal
structure. The sem conductor filns are obtained by form ng an anorphous
semi conduct or fi |Am @mbLOIdenefntr@t thiengnaseat |1m‘g:nfmm wilinbe cleyaitetl| beddwgvithe film

t hrough a 15 kno n met ho n t.hi.s enmbodi nent r phous
S ooy Prelemc B AR B FiaeBosErcoR CRIRABCHPHM BHEEE OB BETARCAnG

crystall 's%ﬁ%ﬁﬁéohél& %’ﬂnﬁh%]%ﬂ 1R sarﬁé(gﬁ’&i?rﬁtel PPET b Q?E)cePBblltr%ﬁta%ﬁ T QaR ' | near

beam by an optical "syste The laser light is have a power" density
of 300 mid-chdnallOFT and hapddnnch T&Ta f@Ghiving dirrens thheamplaeed in thagiesipieery he

entire surface of the anorphous silicon filmat an overlap ratio of 90 to
20 98% APftBe Rl RAEHYD- a continuous wave YVO4 |aser may be used. The | aser

s converted intg second, AR Gefeid V! Q8D £OIELA A ©! £eRgt, and

an ener gy beam S run over mat a ra Cl'ﬂ sec

to cryst ahkilégnd f8m B’NRITERAUSH fthd BubsthteMOEr Chy Siral {dsaiatih@¥ilnt he this
sem conductor filns are doped with boron as an acceptor type inpurity by

i on dopi ngmbediventds afaminststof elfisstsdiconoaymbidt filol HEgeitlof thipknesspiy) nifhe

dopi ng concentration of the i et s 0 ator.
The. t hus Btk ariran Sege pylideThlk 1 VB A Wik BEADGRm o Thece B Rus, by
et chijpg tfo?ﬁk&f%% R rEéHt&Fh‘(i% SIRM eaNdue e, f itHEEikP 403 & %ed"ﬁs%%ldscon
oxynitride -17 2 %J UL 2005 fil'mformed 2bypasmat CVD using Si and N20
to have archttickgsSsHofndlN.nmis formed as a second insulating film 108 on
the sem conductor filns, Atantalumnitride filmis forngd as a fi r%t

b to

conducti ve film 19gnigpndustor Seporid4i i9s dParahgeRiFandaeersnpaupe Y
'E%V?saf E)P!ﬁ[e IagsSaojgltlaéc’);on conggtg{l ﬁlem%i%%n%%ﬁ@dfw nh)%tl& ol mrﬁ&Bﬁ&% of 300

semiconductor film on the first insulating film and crystallizing the film through a

15 known crystallization method. In this embodiment, an amorphous silicon film is
formed by deposition to have a thickness of 50 nm and crystallized by irradiation of
excimer laser light collected into a linear beam by an optical system. The laser light is
set to have a power density of 300 mJ/cm? and is shaped into a 500 wm linear beam to
irradiate the entire surface of the amorphous silicon film at an overlap ratio of 90 to

20  98%.

Alternatively, a continuous wave YVOy laser may be used. The laser is
converted into second harmonic by a wavelength convefsion element, and an energy
beam of 10 W is run over the film at a rate of 1 to 100 cm/sec to crystallize the
amorphous film.

25 After crystallization, the semiconductor films are doped with boron as an
acceptor type impurity by ion doping in order to control the threshold voltage of the
TFTs. The doping concentration of the impurity can be set suitably by an operator.

The thus obtained polycrystalline silicon film is divided into islands by

etching treatment to form the semiconductor films 104 to 107. A silicon oxynitride
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The thickness of the tantalumnitride filmis determ ned by tgksngli nigs
consi deration the doping efficiency of phosphorus that is used as an n type
impurity in ion doping (or the ability of the tantalumnitride filmto

bl ock phosphorus). Fig. 30 shows the phosphorus concentration distribution
when the gate insulating filmthickness 10 is constant and the tantal um
nitride filmthickness is changed from 15 nmto 45 nm The accel eration
voltage in the doping is set to 90 keV. The concentration of phosphorus
injected to the sem conductor filns varies depending on the thickness and
mat er i al sfilad férimadsby plaemgaleDi wsnyd SiHngndf NLnhtarcve hethicknessl afni il hmide il m
covering the sem conductor filnms. Fig. 31 shows the phosphorus _
concent r afr@ad py degepad Wﬁéﬁtm&@h&%og-ﬁpgﬂ@fféﬁgc@ﬁuﬁtﬁ%ﬁ]ﬂ%t alumnitride filmis
converted into th I.ckness. .of..t h a insulating fil Accor di to
Fig. 31, a 2.4 to‘gzt%%éﬁltrﬁl ﬁ‘i@ld hf%lc %rgéﬁé‘ %af’ nasﬁfsgtﬁoﬁ‘gucfuiv Eﬂme%gglogl t{ﬁ%

phosphor ugechhd Giult@ingbiilnh tO8VHY Bp@tckmpt @l MiVeni thickieesE idfmo . othen, words,
tantal umnitride exhibits higher phosphorus blocking ability even though it
i s at Smafungsten filrh mithis thiokeess of 200 Tgs fdrinel e s seavhd comducting Blnudldi t ri de

R e A R SR S A
opti mal t B LlResRn ROASHHL LitdiGich M HRLYILA thd 4 uddd 40 dnSh RBEURSrityld am to
300 nm N%?Eg rrasllgs 11§plt%6115 g?e ngér)g#ed fSr om auphot oéleng?)ti vg rrleysi st

mat eri al && dopng (tawhe iability gf tlkBantaluns hitdde filmgo thlekt plespharss)t h&ig. 3ér f or med
on the first conductive film 109 and the second conductive_film 110. The

et chi ng t PlosisHBR PhespRPy soneeptraliqmdsiabpie yheribsicat ipruatng) filg Bifkngss no
pren ng tre: < Jet
usen T ot sl aRBELE Duhhy P 0 RS; cPlthe Gt K, R4St A" €

t her eof i $h&edccéloradbn (vodfage idOthe alshigd iRkel 13. 996 kbtz) TROV@cafirabiof Wi s
given -18 2 6 JUL 2005 to a coiled electrode at a pressure of 1 Pa for the
et chi ng. Phosphims dajseled it desigpreqngdpetor Sirge viriarisPending ge fheathicknegscidves an

50 e 1 R SR R BT B e A2,
'CTZ 0 g_hg ' éﬁ@c}@mﬁ}ra@éﬁhe%fﬁeéhov@sh@e §IhefidgusO&shckfr£RaNgsHIct #h&Ffheand
15  thickness of the tantalum nitride film is converted into the thickness of the gate
insulating film. According to Fig. 31, a 2.4 to 2.66 times thicker gate insulating film
equals in phosphorus blocking ability with a tantalum nitride film. In other words,
tantalum nitride exhibits higher phosphorus blocking ability even though it is at smaller
film thickness.
20 The thickness of the tantalum nitride film is determined by taking into
| consideration the res_isténce and the doping blocking ability. It can be concluded from
Figs. 30 and 31 that the optimal thickness range for the tantalum nitride film is between
15 nm to 300 nm.
Next, masks 111 to 114 are formed from a photosensitive resist material as
25 shown in Fig. 1B. First etching treatment is then performed on the first conductive
film 109 and the second conductive film 110. The etching treatment employs ICP
(inductively coupled plasma) etching. No limitation is put on selection of etching gas
but CF4, Cls, and Oy are used to etch a W film and a tantalum nitride film. The gas
flow rate thereof is set to 25 : 25 : 10, and an RF (13.56 MHz) power of 500 W is given
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thereof is set to 30 : 30, and an RF (13.56 MHz) power of 500 V’%IBSJQLVQWStO
a coiled electrode at a pressure of 1 Pa to generate plasma for "30 second
etching. The substrate side (sanple stage) al so receives an RF (13.56 Mz)
power of 20 Wto apply substantially negative self-bias voltage. The

m xture gas of CF4 and Cl2 etches the 10 tantalumnitride filmand the W
filmat about the sane rate. Thus formed are first shape electrodes 116 to
118 that are tapered around the edges and first shape wiring Ilines 114 and
115. The el ectrodes are tapered at an angle of 45 to 75. In order to etch
the fil mstowd tditudt elt@ade ng agnysstesofdl@a dor thoestehdgndnitius wasd, ithg sdbstrate it i s

preferable that the etching tine is Erol onged by 10 to_ 20%._Regions of the
second i ngte dsampje Siage Bl XEelvRRtanaRE et 0c M erp Wit of AR Wi F%tapglﬁape

ot ched. and PR MBaRS536 el By ohiber NORRs sk (O SRR sprdBRG " ©
dopi ng i nth\gAwqﬂmhgeﬁhg{gtd Q%ﬁ@ﬁgﬁh peW thout nass separation. In the doping,
the first shape el ectrodes 116 to 118 are used as masks and phosphi ne

(PH3) 5gas di | ut edThreditenytdie @Q@mg)gasahwmedéogaé adhid| @hzedTm g@ﬁ flowrietsl e gas

is enpl oyed formf] co s 123 to 126
n “he. BB E PO P 5y NP 1207 MEe bRt SRR Bre RThe

| mpuri ty EI@&K*(Qfésat afp%sgﬁ‘é dfA Hahtb e AQRIMhsBRGEr BEV&0Rd Qd&ﬁﬁ]@h()m@ substrate
concentration of " to 1 x 1019 "atons/cnB. Wthout renoving the masks
111 to 1idide S(Sﬂﬁp\ld ﬁh@djl #igp treeedteseat RIS (1256 Adit) giosdr ngx 20 aW $howpnlyi n Fi g.

2A. CF4, Cl12, and 02 are used as etchlﬁij&gas t he %a ro éla e thet[eof i's
set to 20substagtiallpgegativg ssi-bigs yalpese The NpEHR20 iz gihen g o o

coi | e_ldO el a% h?lg ﬁ}deaﬁlﬂ{ & (?'tﬁce\ﬁpfﬁ)lr}l 43 thpht &%&%ﬁ%tﬁtep@ﬁ :Eér%%edt he &iching.

The “subs (Sample sta SO receives an MHz) power of

20 Wto aémi ¥ eaect@abg‘ 114 as 1VO a0 tpwed dbaf hbaldgbnatdiéirdtishape efraty ng
“treatnent. Bnder these etching -19 2 6 in 2005 conditions, the Wfilmused

as the sebordlomutlitls. vellfi q1¢ﬁt10§6%@@ﬁéwredr nteam\pmglp of (4§ o as Eypydecied to
hape wi 1 Pl T HE y3ou TS ARG RIRER o SR ORIl Al SRR TR
are not %Ya{ee&cmg e pRBsiRd bs hen@ 2@%ecthegféﬁ§ ofl?ié sEQmH%ﬁs@é‘tﬁwtﬂﬂﬁl second
shape wiring 5 lines 130 and 131 are etched and thinned by 20 to 50 nm
15 122 that are not covered with the first shape electrodes 116 to 118 and the first shape
wiring lines 114 and 115 are etched and thinned by 20 to 50 nm.
First doping treatment employs ion doping in which ions are injected
without mass separation. In the doping, the first shape electrodes 116 to 118 are used
as masks and phosphine (PH3) gas diluted with hydrogen or phosphine gas diluted with
20 noble gas is employed to form first concentration n type impurity regions 123 to 126 in
the semiconductor films 104 to 107. The first concentration n type impurity reglons
formed in this doping each have a phosphorus concentration of 1 x 10" to 1 x 10"
atoms/cm’.
Without removing the masks 111 to 114, second etching treatment is
25 conducted next as shown in Fig. 2A.  CF4, Clp, and O; are used as etching gas, the gas
flow rate thereof is set to 20 : 20 : 20, and an RF (13.56 MHz) power of 500 W is given
to a coiled electrode at a pressure of 1 Pa to generate plasma for the etching. The

substrate side (sample stage) also receives an RF (13.56 MHz) power of 20 W to apply a

self-bias voltage lower than that in the first etching treatment. Under these etching
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A mask 133 for covering the entire sem conductor film 104, a nsgﬁlggg 11156
covering the second shape electrode 129 that is placed on the i conduct or
film2106, and a mask 134 for covering the sem conductor film 107 are then
formed for second doping treatnent. Through the second doping treatnent, a
second concentration n type 10 inpurity region is formed in the
sem conductor film 105 whereas third concentration n type inpurity regions
are formed in the sem conductor filnms 105 and 106. In this ion doping,
phosphine is used and the dose is set to 1.5 x 1014 atons/cnB, the

accel er atdonditions) thad¥ film 4@d dsebe sécond conduativaddmt isat¢hed. NnThy ¥é filmpiari ty

region 135 is fornmed in a 15 self-alignin ner at a, posLtiQ

over | appi ‘g SHiSGAa 1 BHERIEAS, BICRINE 9 FOBR Soat SNERCPFEeR 27 He 148 ¢BRd shape
el ectrode J: i i Yy inQk: " ) 3 he
first cont é%ﬁ E31-(=§B§iv‘}llm é.lt%%sylb%‘éc{frag 3? hekg r%géégfn gcsi3 %c{n%][l ?%Hrlﬁii t?l'égt @ggg‘gb?r%

Ther ef or endthevaed avith teneemid siapobletSodeyAR7 tOURH anbake sarpid ishape wiring

concentration_in the third concentration n type inpurity regions. The
i mpur Bty léwssdéRendddbaresichedand dynesd bpR0gs0imgn.1 x 1016 to 1 x 1017

atoms/ cnB. Third coneential] on LIPU L £0lions, 480 00041300 gaslaged with

phosphorus so as to achieve a coneentration o

at oms/ cBeoviBXE thelscdBSdk sHep8 cletrb@d MBI HAS isSHIAWA dthEisemicdAdi@ocomslucs, t hird
doping treatment. In the doping, diborane (B2HO) gas diluted with hydrogen

or di bor aamel gamsk33difoucettringt the sebicendutori fslmy3@d areothen immeeds foaseepnd
concentrati on type inmpurity region 139 and a fifth . concentration p type
Copur 1y SET e n THRIEbh SOARUERRRE KPR tod sceoplgopaieiion h Ope” 1P
conc rafhon; igl ' ' ' If | Qs Brd Qne¥RftiaR of he
secoﬁ sﬁg%ggg éé%?gﬁég?g%igﬁg&?%h oggﬁﬁﬂ??%¢g%$§ﬁﬁﬁnsa %ongéntﬁétign of 1
‘X 10" $ t otype Xmpli@ZGegioasrarecivimed hetht istmivosdurme@ntilnat i0Srandnifér i fy thisginon 140
is doped with boron in a -20 2 6 JUL 2{% caoncenf,ration of 2 x 1020 to 3 x
1021 at onS¢Ring phasyhing is usehaBhticadassns fFtig e ¥ ABurdleys/cnedheACCERPtRy a

fourth congentr atj type inpurity region 141 are fornmed in a part of
t he senicgﬁ&ﬁéﬁgab¢??ﬁ1lo7 that is used to forma storage capacitor in the

pi xel portion. ThaowgdontheobRYRiont APSypeeirhflelty arcpfgi 485 dRpestmait th a
phosphorus or a region 5 doped with boron is given to each of the
sem ddndusdlBalignihgrenarfiee zge@cpmiti@nap*eerlappmg a first conductive film 128a that
constitutes the second shape electrode 128. The impurity given by ion doping
transmits through the first conductive film 128a before the semiconductor film is doped.
Therefore the second concentration is much lower than impurity concentration in the
third concentration n type impurity regions. The impurity concentration in the region
20 135is 1x 10" to 1 x 10" atoms/cm’. Third concentration impurity regions 136 and
137 are doped with phosphorus so as to achieve a concentration of 1 x 10% to 1 x 10%
atoms/cm”.
Next, a mask 138 is formed as shown in Fig. 3A to conduct third doping
treatment. In the doping, diborane (B;Hs) gas diluted with hydrogen or diborane gas
25  diluted with nob.le gas is used to form a fourth concentration p type impurity region 139
and a fifth concentration p type impurity region 140 in the semiconductor film 104.
The fourth concentration p type impurity region is positioned so as to overlap the

second shape electrode 127 and is doped with boron in a concentration of 1 x 10%t01x

10% atoms/em®. The fifth concentration impurity region 140 is doped with boron in a
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i'n
the pi xel portion. The second shape wiring line 131 serves as a data |line
in the pixel portion. Next, a silicon oxynitride filmis forned as a third
insulating film 143 by 10 plasma CVD to a thickness of 50 nm Then the
inpurity elenments used to dope the sem conductor filnms are activated by
irradiating the sem conductor filnms with laser light of second harnonic
(532 nm of YAG |aser as shown in Fig. 3B. As shown in Fig. 4, a fourth

i nsul at i ngorfcehtmtibabfiZsx 168 mo B or IBHatbmsiersi | Acfifith coricentradi@nlyytypt amperit@VD to a
t hi ckness of 50 mm. Heat treatnment at 410C is conducted 15 in a clean oven
to hydr ogEfifnel 2radadepeh RerfeniGtion 0 yge WRpWithyerioydhl me fegasing i ¢the
silicon niLrli iy i j i i].m I r . . t he
Fourth i nbbratfoegtods 407 Bal UL A § Kok Eapddol KPP RPENBE {0 et
In this etching tTe@upk e aboegkieps efier o Bgiohioped Wathfghbtphorusset Bicigiog fil s
that are placed in an external input termnal portion are 20 renoved. A
titanium fopash wiHH bomom it givisn ntef dachncdrtbe |semégoaduater fibpin wWihei spgond §Bape146 to
149, a pixgl, el ectrode 1, a scanning |jne 2, a connecti.on el ectrode
150, and BEREE g7 fonk% BervE S ARG eRheonsty oG sochnS SRFEY il fighe 120

term nal . sbhidSonk QR 1Bles M8 SATELEUAS AR AbSciRr § iid AeiCidresi.t AR5 that
has a p-channel TFT 200 and a first n-channel TFT 201 ‘and "‘a pi xel portion
206 that baendshdb vweieogihide h3 L savesels aTeih [R@3n tredhigelg@p@e.t or portion 204.
The capacitor portion 204 is composed of the sem conduct or lenéé27’ a part
of the second i nstEab i2ngligan exysode Hip is formefi 4sst thipapevlating Him ddeP¥ni ri ng
Iine 0. el . th L\ j I ne

for met on PEP B RE DT84 e T bt TP M SeSh{ SienInlIR8 dBpERRINT

pl aced outshidend@ictdritims2de &tivaiddby 20Batiabe serelcenducad €ilhe withlager sighves as
a gate electrode (the region 140 functions as a_ source region or a drain
regi on), aﬁ@bcph@hair@mnmﬁgarma@@tfﬁ’éﬁ rerps shpen impigr 3By regi on that  overl aps
t he second el ectrqde,127. The first.n-channel, TET 2 has a,¢hannel

f ormation region %§§?0Wﬂén§5%3n%%)'hGBﬂﬁ%HEHQFigﬁ*ﬁq%VH§“Pﬁ%§FF{§ﬁ?%bion
124 (LDD) pg8t bapRisAY ¢VIB 15 8 ¢RBEhe3018PS) fheC He@d8eatment at 410°C is conducted

15  in a clean oven to hydrogenate the semiconductor films with hydrogen released from the

el ectrodes 127 to 129 serve as gate el ectrodes. The second shap @jrinqﬁﬁa
line 130 fornms one of electrodes that constitute the storage cip CQQ%r ’

silicon nitride film.

A fifth insulating film 145 is formed next on the fourth insulating film 144
from an acrylic. Then contact holes are formed. In this etching treatment, regions of
the third to fifth insulating films that are placed in an external input terminal portion are

20 removed. A titanium film and an aluminum film are layered to form wiring lines 146
to 149, a pixel electrode 151, a scanning line 152, a connection electrode 150, and a
wiring line 153 that is connected to‘an external input terminal.

Thus formed on the same substrate are a driving circuit 205 that has a
p-channel TFT 200 and a first n-channel TFT 201 and a pixel portion 206 that has a

25  second n-channel TFT 203 and a capacitor portion 204. The capacitor portion 204 is
composed of the semiconductor film 107, a part of the second insulating film 122, and
the first shape capacitance wiring line 130. -

The p-channel TFT 200 of the driving circuit 205 has a channel formation

region 154, the fifth concentration p type impurity region 140 placed outside of the
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128 that serves as a gate electrode, and the third concentrati orz}g yPernss
inpurity region 135 that functions as a source region or a draih“regron.
The length of the LDD in the channel length directionis 0.5to0 2.5 m
preferably 1.5 km This LDD structure is for preventing TFT degradation
caused mainly by hot carrier effect. The n-channel TFT 10 and the p-channel
TFT can be used to forma shift register circuit, a buffer circuit, a

| evel shifter circuit, a latch circuit, etc. The structure of the first
n-channel TFT 201 is suitable especially for a buffer circuit that is high
in drivi mgcoms tlagleodsetalisnt tshves o8 raugateredectrade fihe viegion del§r Hagionsnahg hot
carrier effect. .The s%cond n- har&r{ﬁl TET 203 of .t he 3Pi xel ]ﬁtorti.ontz 6 has a
channel SPETSFHAY CbA FRY TG Eoupth CORCSAFATUHR PRI ERUHY SHCN A ur i ¢y

regi on 125, 4a5d@d s0iHnai-feiro@f 13he second shape el ectrode 129 that serves as
a gate electrode, and the third concentration n type inpurity region 136

that functions asTle SsuncharmedTBR 20t has dclanne] foagatom. regoh P8, thapesontly
regions 141 and 142 are forped in the sem conductor film 107 t

hat
f unct iPonsCASCHFEIoBM tEPeRRpBHE N t M LLUY RVt BRPIpS HEiSEHPISE: ?P@z@e%%iepi xel
tion 2 i Xe d i.on ; 150
Phat connie D8 piP R X Blre B EELAO SRR e BRRRRCL PO Imp BT E RS 107,

regi on 13639that hece&id BangitedeoegiohloNaldBin réfien.pi Xied lepgiht dfahe ADID ithas t he
gate wiring line 152, which, though not shown in the drawi ng, is connected

to the secumdeldtrgsle diredtiontis 6dco 22oumhpreferay i iSans. adhis LJAP stredteetis bde. 25 A

top view of the pixel, portion 206 isS. sh in Fig..5 The top vi i-n Fig.
5 Chove. suseidie b T eBRtt i et il P Pab e Lesiciy T dRBadel e 8
A seqiond nRtfueiErTIRKER 1R ABY td BSind L RKirAreRistdrtifchl; a Duffer ER&HORdS t O
Fig. 4. Inthe pixel structure of Fig. 5 a gate wiring line and a gate
el ect r odeleatleshifterropduibm didhfodrcentete.| ditersrusmrd biathe s rgataaneli TEgo1 isne
overlaps a sem conductor fil|lm.and obtains an - 22{5!2_ 6 JUH&ZOOE addi t.i onal -
function 84taRlq pspeeially;for @ Rpfen pirquitrfhat dydeehofn griyingspolttescbecgl fhe

positione r : i {.| ine in order to shield the gap
bet ween p?t>r<€ﬁ?ur@§flltég’t'e%l?edseglglgg?&nlgwlﬁqéjﬁftr{ek %}%Ast structure elimnates the need
to forma |ight-sfhelseidhd nlhddmel HFACROITGE the hixeApodtiore 306 thas tahehaapelr t ur e
ratio is inproved conpared to prior art. 5 As described_above, the present

i nvent3 onforaletign mg@g&q, phealirsh consepitaipniigype impurity region 125 formed outside

of the second shape electrode 129 that serves as a gate electrode, and the third
concentration n type impurity region 136 that functions as a source region or a drain
region. P type impurity regions 141 and 142 are formed in the semiconductor film 107
that functions as one of electrodes of the capacitor portion 204,

20 The pixel portion 206 has the pixel electrode 151 and the connection
electrode 150 that connects the data line 131 to the third concentration n type impurity
region 136 of the semiconductof film 106. The pixel portion also has the g'ate wiring
line 152, which, though not shown in the drawing, is connected to the second shape
electrode 129 that functions as a gate electrode. -

25 . A top view of the pixel portion 206 is shown in Fig. 5.  The top view in Fig,
5 shows substantially one dot, and uses symbols common to those in Fig. 4. A
sectional structure taken along the line A-A’ in Fig. 5 corresponds to Fig. 4. In the
pixel structure of Fig. 5, a gate wiring line and a gate electrode are formed on different

layers so that the gate wiring line overlaps a semiconductor film and obtains an
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sanme substrate an n-channel TFT having LDD that overl aps a gate%gl gutr il
and an n-channel TFT having LDD that does not overlap a gate el ectrode.
The two types of TFTs are separately arranged corresponding to circuits of
different operation conditions, for exanple, one TFT in a driving circuit
portion and the other TFT in a pixel portion. 10 This is prem sed on the
p- channel TFT having a single drain structure. Fig. 6 is a circuit block

di agram showi ng an exanple of the circuit structure of the active matrix
substrate. The substrate shown in Fig. 6 has a pixel portion 601, a data
si gnal | i addlitimal i fnpctisinr evia llngShl%lﬁmgaﬁbnanﬁ-“hﬁge@egﬁélﬂ Pi%ee @@qtﬁﬂdﬁglscl rcuit
606 that are c d of, TETs. 15 The data si e dri,ving ci.rcuit 602
o commostH el SERF F oVelsP eclinch garing il oheleEBe i Mok BNt rlbe
circurt, aggrdﬁtc@%galﬁétr%%it.t SThlgsﬁﬁ&uﬁ ANAngted Ntk HEQS Io ﬁirﬂn”@h@ht—ﬁﬁﬁdin@pm ted
to the shlft regi ster 3. Digital data signals and latch signals are

i nputted filno (il ﬂnaﬂrixblesAs él'l'ﬁeuhcthﬂmpemlresragnad; 1rﬂ1prneecﬂrrqnmalr@1 tmprrmmatt 606 is
al so conposed of a shift ister, a buffer circuit, c!qoth T e pixel
portidh 601 can h%%é‘e%:ﬁ‘bé‘i‘ﬂ Wea i ProsnhinysRioTomaks SX%PQSS I toy1q4ms devi ce

t ot I
This acti VRt PR e b e A wr Bl 99[%‘%?&&;9%&‘"% N %S?;@“é%v?ce of

active maflch¥nr#l TFTTgvinphEDBChhtvVdeRRbE berBiphsgatatRcirodd hitheawbogpereol has
its pixel electrode formed froma light reflective material, and therefore
can make Eﬁ%ﬂﬂeé@pﬁre@%rﬂng@ﬂlﬁfdf@awl% todEspitagf @\‘éf\‘?rf‘@éopﬁ&aqquq%ﬂndﬂ&n?st al

dlsplaydwcea t emtti i.ch_an iC

i ght eni f%eﬁf@ma OE% lﬂsae%w??ﬁ CIECU B?é{lgrba?(f\ﬁgno(%%ee{ﬁrﬁtﬁm TR g@tg@rged from
the acdivenal Bfeﬁu%{',ltlﬁltth@b%haﬂd%l TRTSHa¥RY a s ﬂ%l@@ltainvﬁruﬁﬁltré.' X SUbSt rate for a
reflective dis device'is obtained. -23 6 JUL 2007 Enbodi nent 2

Anot her enbodi menFigb i heirpriebleok diagseensticovingh kxdrepld @f the Gesditwinpiure
reference to FIP 7A.to0_ 10. This enbodi nent alﬁl gihves a []j_%sf ri 'on on a
Bs . i xel

met hod of of Biedg W%W@HU%WSIF%? mi Y BRSEHE SROMRRITS ay dPge
portion aﬁ -I;E%;I%l ﬁ? dﬁv | £ tﬁ%ZZTE d @gan@ur%f ﬁ?x?aremﬁk dTlEfTr)g <f:19éu1td606‘/!h@9

circuits ace e perip pi xel portion.
descripti @ﬂ;@mﬁol@@jsﬂmsrsrate, the insulating filnms, the
15 The data signal line driving circuit 602 is composed of a shift register 603,
latches 604 and 605, a buffer circuit, and other circuits. Clock signals and start signals
are inputted to the shift register 603. Digital data signals and latch signals are inputted
to the latches. The scanning signal line driving circuit 606 is also composed of a shift
register, a buffer circuit, and others. The pixel portion 601 can have an arbitrary
20  number of pixels. If a display device aims at the XGA level, the pixel portion has to
have 1024 x 768 pixels. '

This active matrix substrate can be used to manufacture a display device of
active ndatrix driving. The active matrix substrate in this embodiment has its pixel
electrode formed from a light reflective material, and therefore can make a reflective

25  liquid crystal display device. A liquid crystal display device as well as a light emitting
device in which an organic light emitting device is used for a pixel portion can be

manufactured from the active matrix substrate. In this way, an active matrix substrate

for a reflective display device is obtained.
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sem conductor films, and the conductive filns in Enbodi mnent 1 apﬁlti?e l_tozr\%
substrate 301, first insulating filnms 302 and 303, sem conducto i % 4
to 307, a second insulating film308, a first conductive film 309, and a
second conductive film310 in Fig. 10 7A. Masks 311 and 312 are forned in
Fig. 7B. The mask 311 covers the driving circuit portion whereas the nmask
312 covers the pixel portion. Wth the masks covering the pixel and
driving circuit portions, first etching treatnent is conducted to forma
first shape el ectrode 313 and first shape wiring lines 314 and 315 (the

el ectr ode Hibodimeniposed of a first conductive film 313a and a second

conductive film 31 t he r|n l.ine 314 of, a first nduct i efll 314a
o 5 sttand conadstitys FPRERD of e Daretrig it il B b v

conducti v, fe'rér{&g Ps2nd 8 1@60@ Qe&%qﬂﬁ%ﬂt\égoﬁg&e@a%éa tion U3Ca SaHolNg

conditions are | with t ose of st etchi g treatnment in
Enbodi rrentsuiaultmnslytfhlemsgmmcthﬂdme suibstratens TBD Gonn ¢hix20 porion adpEETswiahh 20
phosphorus as an |]r6£ur|ty in first doping treatnment by ion doping to form

first ScontebrnngkTichard o prbapneh dily @rﬁlé@mﬁq@rcg%’ﬂﬁhérea’é@edvh@eﬂ-‘icrlgbefy

concentrat i n_type UT gt a entration
of 1 x 101 Ofogj 0 RIX%P GI rH)at%h‘:’yfi efﬁcgpgﬁeo‘%na%g&ﬁri{%a dé) gﬁ%%adrﬁg rﬁgﬂn%civtgl and
then a masyemddohdubt figAY.emd thbeondthtitd fishs shERGoGRat I Qgelidld antstrlre fir st
shape wiring lines 314 and 315 is forned as shown in Fig. 8A. Further,

masks 318 3@, ket imselating fidurs cH2t trd dP3.vsamjcaniduetar tflhpséri%w 39 7 speandi r st
h lect r gd t q
Zt 2E|en8 ? :.:lélra St fo’ lzlq-ﬁéé? sae‘%r(%c&)ng{l{lhveﬁamt #@gflqé%ge%gd RS I’dtugtg Ve it %er gg@n@ ﬁ&con

condi {igons; &s the first etching treatnent conditions of this enbodi nent.
-24 2 J'J L 2005 The second etching treatnent is followed by third
et chi ng treatnent SaskssRtwand 31Bi ge BBnedllve Rigi 7B etlehimagk t¥ldacaverst thes f or

selectively etching the Wfilmthat is forned as the secon‘q/. gogducti ve
film As ad¥dBgcirculs bR vaRE3s the Bagk Hdeovars Ahg Bxelpgtion ot WS jRe masks

oot oSG afhedi B Seim e o tondln b
et chi ng cofighintd fAS$ shdpd amoaesmdn@fmdn sRgpetwigiap Maed 30f achdrf{theslectiode
15 is composed of a first conductive film 313a and a second conductive film 313b, the
wiring line 314 of a first conductive film 314a and a second conductive film 314b, the
wiring line 315 of a first conductive film 315a and a second conductive film 315b).
The etching conditions are identical with those of the first ctching treatment in
Embodiment 1. Next, the semiconductor films 306 and 307 are doped with
20 phosphorus as an impurity in first doping treatment by ion doping to form first
concentration n type impurity regions 316 and 360. The first concentration n type
impurity regions each have a phosphorus concentration of 1 x 107 to 1 x 10" -
atoms/cm”.
The masks 311 and 312 are removed and then a mask 317 that covers the
25  first shape electrode 313 and the first shape wiring lines 314 and 315 is formed as
shown in Fig. 8A. Further, masks 318 to 320 are formed on the driving circuit portion
to form first shape electrodes 321 to 323 in the driving circuit portion through second
etching treatment. The second etching treatment is set to the same conditions as the

first etching treatment conditions of this embodiment.
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The second shape el ectrodes 324 and 325 are used as masks in secan@ Jgguggmg
treatnent, utilizing the filmthickness difference between the first
conductive films 324a and 325a and the second conductive filnms 324b and
325b. As a result, the 10 sem conductor filnms 304 and 305 are doped with
phosphorus to formn type inpurity regions. The second dopi ng treatnent
uses 5% PH3 diluted wth hydrogen and sets the dose to 1.6 x 1014
atons/cnB, the acceleration voltage to 100 keV. This nmakes it possible to
form second concentration n type inpurity regions 330 and 331 and third
concentration n tVhe steppdrételying drpabment 39 ToBewledB 2§ thirdotehidg digatmenThas second

oy LD P B 5, BB 0 B AR
concent r atd Qiyof ad e tOMR Eidteavel@h! AL OPRLANRHME shPe R uBi&SHICR Of the

first congluctlve film The third concentration n type'inpurity regions 327
and 328 aBe¢ ftidatneste i projeedomnst fitst Soddndike fasdidasthajitba @k eotmedesTheand
have a phosphorus concentration of 1 x 1020 to 1 x 1021 atons/cnB.. A 20
third %oné@gtngapppéworxs /ihe thipghetching treape ampiye same ¢ fsgetrhing genditions

sem conduc¢t or fil T H&gF 332 and 333 are fornmed as shown
in Fig. 9%’ @8 Sé c?ﬂ)]g]efcl%gng téeean&%%rgﬁ%i%‘{bgrd I 21 304 with boron through third
dopi ng treat nent . Thb@ect@[UsHapE teleckBPEY BL4/ ah@ BRE NGe afked as fraaks Hin second

concentration p type inpurity region 335 and a fifth concentration p type
i mpurity depingrireaBuentAutilizing, theofie thicknese differengs etwgrar thefislegpnsiyctivs 336
is fornmed_.n sem.cond or film 307,. Subse nt S are |J | cal

S ChOr o s BB SETLANUShOL L MR SHES oot SRS 2% fALAeR!
the i ppUriskh&3ndagst GissIRPCald )55 871 dopBdl WathHhobpHdFSs toafc_@maiﬁftyd)\éﬁh%d_rityb\
fourth insulating film338 is then fornmed as shown in Fig. 10 and is

subj ect ed ré¢giodne afThe seandelopinattrod ikt uigestfd Phlg dilated witiehwepgepomdsetsdhe fi | ns.

Afifth -25 2 6 JUL Z insulating film 339 is forped xt,.an the fourth
i nsul at i ngof§ fn'dBE #Qﬁ%@ﬁéh@ @ccqquéfeﬂnatf?lf?@erﬁat@ 5?”‘?- Tﬁaﬁ,mf%ﬁti&ct

holes are for [ PR o EP ipd xel
oLes o GEEdo BB LRI SRRTRR Y o by (L8 0aba3fdpatl e
Thus for medp@ntrhfi€n $8Mes HhsiMtat @odhe 327dind/ 308 @i oedlidopi@d (Ihat sdeasd a

p-channel TFT 400 and a first n-channel TFT 401 and a c{ai xel portion 406
t hat h8s soncentration n type impurity regions 330 and 331 are positioned so as to overlap the
second shape electrodes, and have a phosphorus concentration of 1 x 10" to 1 x 10"
atoms/cm® due to the presence of the first conductive film. The third concentration n
type impurity regions 327 and 328 are formed in regions outside the second shape
electrodes, and have a phosi)horus concentration of 1 x 10 to 1 x 10?' atoms/cm®. A
20 third concentration n type impurity region 329 is formed in the semiconductor film 306.
Thercafter, masks 332 and 333 are formed as shown in Fig. 9A to dope the
semiconductor film 304 with boron through third doping treatment. The resultant
impurity regions are a fourth concentration p type impurity region 335 and a fifth
concentration p type impurity region 334. A fifth concentration p type impurity region
25 336 is formed in the semiconductor film 307. _
Subsequent steps are identical with the steps in Embodiment 1. A third
insulating film 337 is formed and the impurities used to dope the semiconductor films

are activated. A fourth insulating film 338 is then formed as shown in Fig. 10 and is

subjectcﬁ to heat treatment at 410C° to hydrogenate the semiconductor films. A fifth
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second n-channel TFT 403 and a capacitor portion 404. The capacitgq;g@ﬂiﬁﬁﬁ
404 is conposed of the sem conductor film 307, a part of a secon
insulating film361, and the first shape capacitance wiring line 314. 10
The p-channel TFT 400 of the driving circuit 405 has a channel formation
region 348, the fourth concentration inpurity region 332 of the other
conductivity type which is positioned so as to overlap the second

el ectrode 324 that serves as a gate electrode, and the fifth concentration
impurity region 333 of the other conductivity type which is placed outside
of the sedauthtilefiln 082 iSR¥med medthen fhe Biurth-iahanigl filFB38Abnhas @gahannel
formation region 349, the second concentration inmpurity region (I.DD

regi on) 33usutingh@aisral: c gl Enaat yholspparefiormed byvaelling drepieeide cHiidl& hape
el ectrode 32 2 e ctr . L1k ion
Cmpur Uy POgT A e r il SRS T B E g 306Ul s EENERTITAN,
source regh@hedr a drain region. The length of the LDD in the channel
length direction 20 is 0.5 to 2.5 m preferably 1.5 m This LDD structure

i s for5preventing ThEF foraegt andhe same substthteraranpydryngh etirceb #Pp dhatehdsett . The

-channel TFT - FT t i £t regjst
cirou v @ one Tl APl R, bty gy T BEE e BB A b bV e

The structyre Of chiifel *'rF‘FMo@_-aﬁh%%%ci%EBofk% AR, SYink ¥p K0 Pekioaldon For  a

buffer circurt that is high in driving voltage because the structure can
prevent 2opngegeaofiht semivynhetor dAmri0s; a phft of & sechhne isabuting fitmAtdnarsl th§FT 403
of the pixel portion 406 has a.channel formation region 350, the first
concent r atfishshapp tanacijance gigee Bas3 sk t he one conductivity type which is

formed outside of fﬁ;{ i&g@gl $PARBO &l SRS ﬁﬁgﬁgggéui% 8hYiha9 1 2hahel $@Bition

el ectrode, and the ncentration rnpurity region 329 of the one

conduct i Vi fe¥ionZB82t12 fOklth 20@BntitRd mMpueity feghimt 330ns ths othes conduetiviegiypa or a
drain region. Afifth concentration inpurity region 336 of the other
conduct i vi whichyipeosisiofied reds ith avhdans 8t scsaadi elesiodd PAY i BerRatasfUBRCI ons

Gat o ol ot HEGEBT e ARG RRpet PP DY i Aot R8 HER SRR BRI of
e B PP s skaatig o e, oL, s,
overl ams a The first n-channel TFT 401 has a channel formation regioﬁ 349, the second
concentration impurity region (LDD region) 331 of the one conductivity type which
overlaps the second shape electrode 325 serving as a gate clectrode, and the third
concentration impurity region 328 of the one conductivity type which functions as a
source region or a drain region. The length of the LDD in the channel length direction
20 is 0.5 to 2.5 um, preferably 1.5 um. This LDD structure is for preventing TFT
degradation caused mainly by hot carrier effect. The n-channel TFT and the p-channel
TFT can be used to form a shift register circuit, a buffer circuit, a level shifter circuit, a
‘latch circuit, etc.  The structure of the first n-channel TFT 401 is suitable especially for
a buffer circuit that is high in driving voltage because the structure can prevent
25  degradation by hot carrier effect.
The second n-channel TFT 403 of the pixel portion 406 has a channel
formation region 350, the first concentration impurity region 316 of the one
conductivity type which is formed outside of the first shape electrode 313 serving as a

gate electrode, and the third concentration impurity region 329 of the one conductivity
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gate el ectrode can be fornmed in a self-aligning manner at high ZC?UMC%US
w thout using a photo mask. An active matrix substrate for ar ective

di spl ay device is thus obtained. 10 Enbodi ment 3 This enbodi nent descri bes
the structure of an active matrix substrate for a transm ssive display
device with reference to Figs. 11A and 11B. Figs. 11A and 11B show the
structure of the pixel portion 406 in the active matrix substrate fornmed in
Enbodi rent 2. The second n-channel TFT 403 and the capacitor portion 404
are 15 obtained in accordance with Enbodi ment 2. Fig. 11A shows contact

hol es f ortypd whick rfunétéons casr & rsobres ulegionnegr i drain3@@icand A tHé ﬁt‘plfc@htrithmul ating
film339 are forned spar nt. el ectrode 370 t I r into
a given sﬁ%gl%ﬁcﬁl%%%jf)?wel ?IICQP&‘?@VW RUESE Omaﬁﬁlemtt{;l%ﬁ?’blﬁ? J’E’a‘uctl ve
film 37024 i de, or zinc oxide,
or a corrp%%f\gl%gﬁmgg&%shrhgtsogh%g?%gtzodggggt) ugg(%gf%orpggﬁng%he t ranspar ent
conductive film Astdesnibpanbore, tieogatkiiclbcturicfdf thn &ding sirbGr pmﬂomanﬁti&.

term nal portion. Electrodes 373 and 374 that_are connected to

t r ansgar eftic dlecsiode fd By @ixed merigy psstrsired diffrany frampsagh Oltﬁ‘B' ma%“%/vel | as
a gate line, 375 i tr h I r 374,
and 372 aﬁﬁbg‘%mﬁpﬁe&ﬁyg arg f %n%gffke%nén]ﬁ%gﬁﬁgj 'gﬁ‘l;rna % lglgfr?st?%ﬁ% ﬁﬁzpé 2

titani um GhiReptrbllc art Y MO $n Pl B@oiNG AN At BlgHHcBMAL wﬁmutvustdg A
t hi ckness of 300 nm The active nmatri x substrate is structured as above to,

make a tpbotemiassi vAndicEpt mptrikesnbeteate ftna refleative diselagfdevigr & thrbokirimedt can
be applied to the active matrix substrate of Enbodinent 1. -27 2 6 JUL
2005 Embodi ment 4 This enbodi nent describes a process of nanufacturing a

I'i qui g, Cr?%b%'dméﬂt%p' ay device of active matrix driving fromthe active

matrix substrate obtained in Enbodinent 3. The description is given with
reference to Fi g. ThRk embofiment deberitas tthey eiruvhire iok as abiste mbix wbsMe§mra'«te of

Fig. 11B is obtained, an oriented film383 is fornmed o the\%ﬁ f trix
subst r at e TARYMISEEP Pk deyiGeumth FRiCTCRsceR gL LATHUGHR ndtieS HdMn ! the

draw ng, Bfw\g rthé %tr%&%r {) Bt nj? gelf %&r%ﬁ 61%6 1ﬁ0[i1é" D¥e F]?H‘ﬁzc gﬁbﬁtr%yfoﬁﬁe(f &f rred at

desired positions norganic resirn filmsuc
Embodiment 2. The second n-channel TFT 403 and the capacitor portion 404 are

15  obtained in accordance with Embodiment 2.

Fig. 11A shows contact holes formed after the fourth ihsulating film 338 and
the fifth insulating film 339 arc formed and a transparent electrode 370 that is patterned
into a given shape on the fifth insulating film 339. The transparent conductive film
370 is 100 nm in thickness. Indium oxide, tin oxide, or zinc oxide, or a compound of

20 these oxides can be used to form the transparent conductive film. A transparent
conductive film 371 is formed on the terminal portion. '

| Electrodes 373 and 374 that are connected to the transparent electrode 370

 are formed next as shown in Fig. 11B, as well as a gate line 375 and a connection

electrode 372. The electrodes 373, 374, and 372 and the line 375 are formed from a

25  laminate consisting of a titanium film with a thickness of 100 nm and an aluminum film

with a thickness of 300 nm. The activé matrix substrate is structured as above to make

a transmissive display device. The structure of this embodiment can be applied to the

active matrix substrate of Embodiment 1.
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an acrylic resin film The spacers are for keeping distance bet
substrates. 10 Instead of columar spacers, spheri cal spacers%hgef@% 2005
sprayed onto the entire surface of the substrate. Next, an opposite

el ectrode 381 is formed on an opposite substrate 380, and an oriented film
382 is forned on the el ectrode and subjected to rubbing treatnent. The
opposite electrode 381 is forned of I TO Then, the opposite substrate is
bonded 15 to the active matri x substrate on which the pixel portion and the
driving circuits are forned, using a sealing agent (not shown). The
seal i ng afferbodhmentd filler mixed therein and the filler, together with the

spacers, keeps th di st e between the two substr tes .e the re
bonded. Then, T W@?@erat dfsépbe 4 Progss i g FecRrinpn lga T

substrateg ﬁ? %l&n%%&w g&Nm%i‘roﬁ‘ﬁ% 5(9 v%orﬁgﬂr & Slo¥i:5E QJbteInEE% I il

substrate A known cryst naterra can e use as t

385. Thus Emjmiremd [ S‘theso&@tmNB; giednrwixh giféremdego lHigud crystal” di spl ay
device shown in Fig. 12. The transmi ssive active matri x _substrate
manuf a8t ured in %ﬁdh%ﬁtv%mraglxu%@éﬁ@tﬁ ipHbe és@émef @1& hidRhisheltainegyan t he

ref ! oot Ve AREIN R i rorfB S SO AT Tl FIBPIIEN s hyfin 21 50

can make & Frqur Crys I'Splay Va&ATCR Imen

exanpl e ofirchit@ns! rHedugho@bhdviPinkBt dRAFAZ, Phiok Fo theldr@hited BRI 333, BuliRu Ce Of
active matrix driving nethod to which the present inventionis -28 2 6 JUL

2005 appl ispatersmay be rtammaeil al TRJir@O®siivds ay matttramgean qteamgmesnt)fﬂra spfix as

portion 450 are% manuf urfﬁ in accord W.t h g cess ofb odi nent
1. The suraFa%Céy T TESR | %&P%&efsnéff‘f E@1ng §& BYCHIEEma

treat [gs?édagof'yoh{nggﬁ @FzQ,rers' Eﬁﬁfehcrﬂ%ﬁacaasl e% &k rX%edaJIQ@ ﬂtc@nﬁ%rﬁa&@@f ment

is employed and the fication 1s ac formng on the surface a
very thin the dulmstrdtat nmai nly contai ns car bon. Then contact holes are forned
to formwiring lines. Titanium alum num he |ike are used for _the

wWiring lines. In DSt s¢idagsl 1Saf°aat%0r PREPBEeSUbLEnEh étd t o t he
source si Clt% (9' ent élhfhrﬁ' 3%5%? ’tﬁtmer: a-n %k?e el%@tgoc% Qﬁ‘ldr éd?)?eétédnﬁ) ﬁl%%m%ntréﬁﬁeﬁiﬂ' ain

side is connecte
The opposite electrode 381 is formed of ITO. Then, the opposite substrate is bonded

15 to the active matrix substrate on which the pixel portion and the driving circuits are
formed, using a sealing agent (not shown). The sealing agent has a filler mixed therein
and the filler, together with the spacers, keeps the distance between the two substrates
while they are bonded. Then, a liquid crystal material 385 is injected between the
substrates and an end-sealing agent is used to completely seal the substrates. A known'

20  liquid crystal material can be used as the material 385.

Thus completed is the active matrix drwmg liquid crystal display device
shown in Fig. 12. The transmissive active matrix substrate manufactured in
Embodiment 3 is used in the example shown here, but the reflective active matrix
substrate manufactured in Embodiment 1 or 2 also can make a liquid crystal display |

25 device.

Embodiment 5

Fig. 13 shows an example of the structure of a pixel portion in a light

emitting device of active matrix driving method to which the present invention is
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10 el ectrode of the n-channel TFT 203. The source side of the hﬁﬂneﬁﬂ“h’FT i

200 is connected to a power supply wiring line 505 whereas an e ectrode 504
on the drain side is connected to an anode of a light emtting el enent

451. The light emtting device in this enbodi nent has organic |ight
emtting devices arranged to forma matrix. An organic light emtting
device 451 is conposed 15 of an anode, a cathode, and an organi ¢ conpound
|l ayer that is formed between the anode and the cathode. An anode 506 is
formed fromITO after the wiring lines are fornmed. The organi c_conpound

| ayer comiphieds Angoetinnet TIoh 263 and hal-ehannelnBipo 20 A§ 2 pieal eortin ‘6?0 #wegher

hol bilit | ect t t h |
robi 110yt i AETge FHTPF BrocesRs Ttk Benirheotiariert S 4 TRy pe
formed ipkoiat f141 Y&H1S iOhalB¥e R L miSPa@mh NtQRAR usienRoganios ik&impasnd

materials int make a thin fil'mof about 100 nm Accordingly, the
surface Qfpitdig, |ai|'g@nf plasmd oreathnmiin gmphyednndahdasndifichion| Bvaehededwbdlyl . | f
the surface is poorly leveled, at worst, it can cause a short circuit with
the dat hbuming OF ik Seface e very ghH ’elr%cslmsd@ﬁa Yl GRPERDS FHBOShoHiCIe CPREFt may be

ay0| ded %/181;3 nOttE)er(f:c? % fgr%z&llrrll% lﬂgge Yitan ﬁurmnl'ﬁgl 4 é%l%ﬂk@g qgeél gyer 508

wth at rnsulatin ayer orrredfro

pol yi m deye wigthyiikgleam de, polyam de, acrylic, or the like. A cathode 510
is formed froman al kaline netal such as %A or LiF, or froman alkaline
earth metal . Dethi the pbduorioned ¥ mulptalies zsr@ns«pcg@dﬂcttb@mtvﬁr@eﬂe 99 2 6

JUL 2005 | aye y.-he fre gani c oun 9 and

t he cat hgl‘]“ely gfi@nﬁﬁ}qﬁ:ﬁ 209’@5@5\/‘5“% lﬁ/et ?Og]a?%@f? R ﬁechemgggl

wat efq Wa%fébﬂ?&de 8f tle! KenQnRe TFIY B m%)soufga%'i@ef Qf eﬂe p%hﬂﬁfet mEropoorad | 1 ayer
507 is forned froma photosensitive resin material on the organic 5

i nsul at i pgnifeclethtd@ bowsk suptplyngiritelirenideviiiGs afitviccadde 5o+ on He dmipdeds06 s
covered with the parti t| on wall | .ayer 507. ecifically, a negative resist
i s appl i édcoanectehiosd 39 @pf,%hgl%twgugg,gteieﬁ% Il layer 507 a thickness of 1

tg 2 m Alternatipely ll eﬁﬁttﬁgr&éﬁdeo{ﬁ 4 l:mb{)(ﬁ}ﬁ%flt hss bRARILEK O fRing
phot osensitive acryl | tosensitive Imde. Amaterial containing
nmagnesi Uity arrdoigkd ltdlmr_fnl-zl natrdd.  cad Gigw‘ﬂib(l@ab e®itdhg device 451 is composed
15 of an aﬂode, a cathode, and an organic compound layer that is formed between the
anode and the cathode. An anode 506 is formed from ITO after the wiring lines arc
formed. The organic compound layer contains a combination of a hole transporting
material of higher hole mobility, an electron transporting material of higher electron
mobility, a 1ight emitting material, and others. These materials may be formed into
20  layers or may be mixed into one.
The organic compound materials in total make a thin film of about 100 nm.
Accordingly, the surface of the ITO film for forming the anode has to be leveled well.
If the surface is poorly leveled, at worst, it can cause a short circuit with the cathode
formed on the organic compound layer. The short circuit may be avoided by another
25  measure, namely, by forming an insulating layer 508 with a thickness of 1 to 5 AL
- The insulating layer 508 is formed from polyimide, polyimideamide, polyamide, acrylic,
or the like.
A cathode 510 is formed from an alkaline metal such as MgAg or LiF, or

from an alkaline earth metal. Details about the structure of the organic compound
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10 in work function is used for the cathode 510. Preferably, tﬁéﬁeﬂgét?%ﬁe
is formed from MJAg (a material obtained by mxing Mg and Ag at a ratio of
My : Ag =10 : 1). Exanples of other el ectrodes usable as the cathode 510
include a MgJAgAl electrode, a LiA electrode, and a Li FA1 el ectrode. On
the cathode, an insulating film>511 that is a silicon nitride filmor a
DLC filmis formed to have a thickness of 2 to 30 nm 15 preferably 5 to 10
nm A DLC filmcan be formed by plasma CVD and can cover the edge of the
partition wall |ayer 507 well even when it is forned at 100C or |ower. The
i nt er nal layaré89 nody ke et feedlyl m can be eased by m xing a m nute anount of
argon therein, allowing the filmto serve as a protective film A DLC film

is an excel | ent gd¥ OPBANFCOMPRYR HIET 6%% gt tiescarade HD espnooseivatp o
and is t *}fﬁra%&pg @ang%ag?cﬁ %m:}l?%até%%éﬂ#rﬁébg@ofh'egﬂ%aﬁ&én@mh drstoiised as a

barrier fi n-"channe use or s |ng as a

mul ti - gat £parﬁt16ﬂl€}vfaﬂr1@y6m7&§-ﬁorhie& frone b phowkenbitie 264n waedid on thelorgenit
control has LDD overl apgl ng a gate electrode. The present invention is
$

capabBe obsylating Al Foip tﬁln&iihlefaéﬂ@mioﬁ_ DiFhesdguet die esodsySAtnie cowied pitbcess.
The exanp

e referre 25a licati resent
i nvent i onll’fté’a]ﬁ%lofl&ﬁlﬁ 18%‘%5“ hg Bfé(iﬁ“gaél Y> AP Vﬁ'ﬁafés a\?lpijl d4 od%kg?en
~struct Ur%e?ﬁﬁnfoﬂrmmdy& 50ea BixElesPor 1 | 'tcPQ Ul wum&%; tKH f,;iraﬁ@man
functi ons he n-channel TFT 203 with the OFF current Towered for

swi t chi nglagerds fdrencg-fona a pbotoTdETitiRe @cylic onphagmnsisive holyinsider i er i nj ection -
for current controglling),. As.a result hj iable ]i ting
devi ce capabl e of é&?f%q?%lecﬂmaf%@aa?e§ﬂ1‘%w5§qﬁ ﬁmoﬁ'ﬁ)eror & ”?gf%q\lmf‘ wor ds,
A hi pejf e) S a

di agg’?m s%o\\?\#r%%ﬁﬁédnsltg :ﬁ %%dteﬁgrrtéﬁé %Qh(ﬂj%\{a'm h%)&gé:rnat ? I %8%%§§§§eemt%ﬁg?edlﬁ%§ t he

pi xel por Mgy @&a@abbbﬂaﬁddahpmm@d/lg adcﬂ IAg mga aatic of MporAg enl0160). On the
i nsul ati n]g filmb511 fornmed in the pixel portion 450, an organic resin 511
¥

i s placed @nplpss pf gthph@e@g&@éuﬁéﬂmﬁhem ofln S0 includly & Mz glegtredn g r at e
512. The e‘“ 5 n];%%‘é SHepradhne %{h%'cgl‘ eesa%A”ﬁfeXI%bghﬂ{Bﬂe{haF hanced

by prOV|d around e prlnte circuit

(FPQ) is ﬁh&&? E&@cﬁd& qnﬁl beraDNA fRarsi PAndb 3o H?)JO&YV,a BiBekS&PBE D we3view in
Fig. 15 is used to describe the structure of the active matrix

sel f -15uni peisadg\ toel0oimt hAsDEGHH ¢aprite. foffhesl ic plasma P jard gen 09veg tha ght

edge of the partition wall layer 507 well even when it is formed at 100°C or lower.
The internal stress of a DLC film can be eased by mixing a minute amount of argon
therein, allowing the film to serve as a protective film. A DLC film is an excellent gas
barrier against oxygen as well as CO, CO;, and HyO, and is therefore suitable for the

20  insulating film 511 that is used as a barrier film.
In Fig. 13, the n-channel TFT 203 used for switching has a multi-gate
structure whercas the p-channel TFT 200 used for current control has 1LDD overlapping
a gate electrode. © The present invention is capable of forrr_iing TFTS- of different LDD
structures by the same process. The example shown in Fig. 13 is a preferred
25  application of the present invention to a light emitting device, where TFTs having
different LDD structures are formed in the pixel portion to suit their different functions
(the n-channel TFT 203 with the OFF current lowered for switching and the p-channel
TFT 200 strong against hot carrier injection for current controlling). As a result, a

highly reliable light emitting device capable of excellent image displaying (in other
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10 enmitting device of this enbodi nent has on a gl ass substrate Qp% aupi 2@h
portion 602, a signal line driving circuit 603, and a data |ine driving
circuit 604. A switching TFT 605 in the pixel portion is an n-channel TFT, .
and is placed at the intersection of a gate wring |line 606 and a source
wiring line 607. The gate wiring line is connected to the gate side
driving circuit 603 and the source wiring line is connected to the source
side 15 driving circuit 604. A drain region of the switching TFT 605 is
connected to a gate of a current controlling TFT 608. The data |ine side

of the curwgus, 20ask-pedfbimgcd Fidht 6RBiting de@bREh®E obired. power supply |ine
609. In the structure of this enbodi ment, ground electric potential (earth
el ectric potentialfjeikt giadingren shewippihestodprs 9f the dighbewitting dedpsnthaegi on -

f the 20 t rol Jd.ng TET 608 i ted t : ic.light
o 11 ng. dBsiEE s SORoR A0 aksq ik Favy Fuf BRI it FRlocPhefit) | s
appl i ed t qpnaii&aieMELsAf fobhed B @8 pixe] pdrtidh 5@ Hnldrbde AR ﬂQ.igéQc’@d% fPC 611

serving as an external input/output ?ernlnal is provided w i nput / out put
Wi ring5l i ribs spaserbetedcndhe wisulatigg Ifilmem)l Babstatd 5623 The deenalisnhusseped. s t o

he. pover SiSBRENTeTR rBtiobe felie SRAPLEHORBERALINE HeSehinG MRS HEBUgHR ¢

t he power X ; iC

i ght em ttj i ' k i g ixelssportion of the
[ gnt omi (FER GEYERIAENFRREC) B BRRR & H Gt R ST OF For i no
t he sem conduct or Ndéw,na paegkctine Kool Fignts 1s adedZo dekdribelibe desaniebefcthad t h

reference to Figs, 16A to 16E. The nethod illustrated in Figs, .16A to 16E
i nvol ves cétiveriatigr schglumisoussisyige ob thiggrmigdimpet. o dhe petiwynptaigdlryinglight

sem cqnductor..fil m havd 100] st ruct u I S it N t

el em&*ﬁ‘trES h%@litthné aevcl:céet%ttllt;gg i ¢ qf‘%% Iﬁg{r%y?’ o %%11%2758%1 aﬁ{aitezg@ifgﬁ’%e\l(uﬁ%a}og éﬂ%ﬁi% a
substrat e g8kl 13 f@RRRACEAE03)Qhd i ditd BRE Ml diresdt @0abl % svagdhidg"TFT
borosilicate glass, alunmno borosilicate glass, or quartz. A first

i nsul at i ngoUsi inrthe pixet poniod ivan pivbamgt THE carof is tphased abtherinteesegoan offhaatki r st
insulating filmeconsists of a 10 first siljcon oxynitride film702 formed
by pl asm B BEHADENS & MEEEES JEe 66 Tn TRt BAEPE MNREROMREC B0t and a

second silcom @Rl éif’:%itfddBanaQﬁe EQIEed i PR MBnnected to the source side

15  driving circuit 604. A drain region of the switching TFT 605 is connected to a gate of
a current controlling TFT 608.

The data line side of the current controlling TFT 608 is connected to a
power supply line 609. In the structure of this embodiment, ground electric potential
(earth electric potential) is given to the power supply line 609. A drain region of the

20  curent controlling TFT 608 is connected to an organic light emitting device 610. A
given voltage (10 to 12 V, in this embodiment) is applied to a cathode of the organic
light emitting device 610.

An FPC 611 serving as an external input/output terminal is provided with

input/output wiring lines {connection wiring lines) 612 and 613 for sending signals to
25  the driving circuits, and an input/output wiring line 614 connected to the power supply
line 609. As described above, the TFTs and the organic light emitting device are

combined to constitute the pixel portion of the light emitting device.
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filmis provided to prevent an alkaline netal contained in theé

substrate fromdiffusing in a sem conductor filmto be formed thereon. If
quartz is used to formthe substrate, the 15 first insulating film may be
omtted. A sem conductor material mainly containing silicon is used for a
sem conductor film 704 that has an anorphous structure and is fornmed on the
first insulating film Typically, the sem conductor film 704 is an

anmor phous silicon filmor anorphous silicon germaniumfilmformed by

pl asma CviEmbasimerich pressure CVD, or 20 sputtering to have a thickness of

10 to 100 nm In order to optain satisfactaor ality . stals, the
concentration of iﬁﬁ)%@ﬂq%gp &l e&??bcé’ﬂ&é%@qﬁﬂ P%f\ééﬂ%ré%l?ﬂdi@%dl P2t he
sem conducligryd ddsEritdw iR Yire@ndN AFRE PR SAE UCEIY Se@bBOWcRRATAGHEed 1O 5
x 1013 atonms/cnB or |ower. These ifpurities hinder crystallization of an
anor phous 16%¢ b c bt uintolvesarngdfteddgd ehatc isy sbadildaiatatton the notieaserfate adeasity

of trap center and 25 reconbination center. Therefore, it is desirable to
use andul tSFRIGACHCIAT BUD Baying ah AmorghenspEirtHE ik doPRs noith i mekh elgmety

pol i shi ng t . : 1 .and an oil-free vacuum exhaust
system asﬁa\(ﬂg]l%laﬁ%@%@ﬁ@é@f@é?@?@?ﬁ%@ of high purity. Thereafter, the
surface of the semhqupdusA s shbstie/O3 haforngd dvna ot photslly dut prefasstdyi s
doped with a netal elenent having a catalytic effect that accelerates -32 2
6 JUL 200%acingsberbsiligae ighss, alurainp|bezosdicatehglasseoguasize n@nfirshimgilgng film

catalytic .effect, that accelerate r I'lizatigon of a sem condycter film
“Rctude | ridoteh on fhecplfidt T Sl Yo ooyt Mintafiaifhel Bl OGN R Ry
pal | agigum £,2dd;1ic &5 Bk $HRAGEHIm 707 Bl 6 lasmaPEFD RBURVE B thickf@RRATS(£4) . and
gold (Au). One or nore kinds of netal él'enents 5 selected fromthe above
can be usefiom SiHi,csHk,yandriV£k edndiassectmob ghicanadx aitnide Kiéh H3eforhed by plagmiaon
containing 1 to 100 ppm of nickel by weight is_applied_by.a spinner to form
a cat al ys¥YBoit bavRiantgiqkagss of 498 noydrony pistideNefe ngaﬁ fits éli‘?ufaém&ggﬂ Bd

wel I, surface. [ ] e havi ng
an am)rpholéjj}gslsd'f3 é&%@ﬁ?@ﬂknfﬁ(gﬂgiwgﬁg tgiglg{l %trlf? %ﬁ%%gg&? f)orn]cl m ng lgl%égry thin
oxi de fil mehiiesndabto® Fifeo GRMbahdd H@rebl. aluQEus is abddt toddrm ehe hitngatehtheoxi de
filmwth a mxture of fluoric acid and a hydrogen peroxide aqueous

sol ut il&n trst ewetng fiba may hefogeitied.and again formng a very thin oxide

A semiconductor material mainly containing silicon is used for a

CVD to have a thickness of 100 nmfrom Si H4 and N20. The first Qi%fJ{JLatZiﬂﬂ@

semiconductor film 704 that has an amorphous structure and is formed on the first
insulating film. Typically, the semiconductor film 704 is an amorphous silicon film or
amorphous silicon germanium film formed by plasma CVD, reduced pressure CVD, or
20  sputtering to have a thickness of 10 to 100 nm. In order to obtain satisfactory quality
‘crystals, the concentration of impurities such as oxygen and nitrogen contained in the
semiconductor film 704 having an amorphous structure should be reduced to 5 x 10"
atoms/em® or lower. These impurities hinder crystallization of an amorphous
semiconductor and, after cryétallization, increase the density of trap center and
25  recombination center. Therefore, it is desirable to use an ultra vacuum CVD apparatus
equipped with a mirror finish (field polishing treatment) reaction chamber and an
oil-free vacuum exhaust system, as well as to use a material gas of high purity.
Thereafter, the surface of the semiconductor film 704 having an amorphous

structure is doped with a metal element having a catalytic effect that accelerates
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filmfromthe ozone-containing solution. Since a surface of a ?e@ﬁﬂgd%ﬁg or
filmsuch as a silicon filmis inherently hydrophobic, the ni

solution can be applied evenly by formng an oxide filmin this way. 15
The nethod of forming the catal yst-containing layer 705 is not |imted
thereto, of course, and sputtering, evaporation, plasma treatnent, or the

| i ke may be used instead. The catal yst-containing |ayer 705 may be forned
prior to the sem conductor film 704 having an anorphous structure, in

ot her words, may be formed on the first insulating film 20 Wil e keeping
t he seni ceondtadlizationi | nE<adplésawif ntheametgloelshivns hevingcrucetalyitin eldeatatiat wi t h

th t al t t |.at 705, h t t t f | i .

Carri od- oo apstUfatas Sﬁasag}ca@ ordIBOPERRS fi9n B0k ! (N tabather el
I t al

anneal | 9 (CHfiMIARL SR SR 1925 FiAn A0 oanlial S8R9 biin ATt 2

halide |l a a Xxenon on arc odi um

| anp, a hipihinpre S&ir @pper ¢Ony alnargmld Z(Au)at Ond &r empt dyedt dDmcdeclinaits
treatment. Considering the productivity, RTAis preferred. |If RTAis
chosen5 a splasigd foghtheszhorve san B uprcht ﬂ?yglqalsly,mwkei s Chpseip aigh 2 gugkshaeetate

pref et abl v ieh SoRRieRRC IS Ty BRbSl ikl PSR tedfis Py d Wi 01 801 Y 2

to 6 tlﬁE§ eln om | t source can

be set ar Riafalf-tbMaindy 1986 708. 33 Bal@ ik BOQRLita ﬁeﬁppﬁl@ﬂd\ﬂéﬂ Ofurfackm i s
heated to reach 600 to 1000C, preferably 650 to 750C, in an instant. \Wen

t he tenpertmatment tihperéarnedeamcthe semiogdidtetiln [Fe4 eving enduTHphowSisticEione | s

t ant | y. heat ed d th b trat t def o
e conauCE e G HGC AT HaEr RO L Vet i BT P 08 ey ariT28a 1 o

obtai pya 12&%%6&5%@%% r ett:hﬁlg]tﬁ_’e &98e ?J%iﬂ'vﬂ% 2 nfikded 8t ﬂ§(§r‘i(9§61&' raﬁd ‘ﬁ’ny@fbg'eﬁ shown

in Fig. ysta izati by su treatnment is achieved only when the
cat al yst - qerbddanaqu@obascdutiorsiopban iadeehn suffafe)rndegainfiomahg agers thccﬂn osidn
i nstead, heat treatnment at 500C is conducted for an hour éo reI_ ease

hydrogen cdft BpRdbe PFPICHOPEEHNE SAHERT orSTREY HiiurEEe Rad SHBLCARCU O Bhdirs |
structure a% 9 510611 flthg 1}31eﬁ%&(—‘tntﬂgekg;d%r}:{%b{co'Ehccﬂl?fl%ctla:JcL:ﬂa?eastdllﬁibn Jﬁeﬂa aéﬁi;{%lgogen

substrate rece|ves tric furnace I1n a
at mospher e:v@hlya3totBing A8 Gxidefief @rpRwayat 580C, for four hours to

crystallize the sem conductor film The

15 The method of forming the catalyst-containing layer 705 is not limited
thercto, of course, and sputtering, evaporation, plasma treatment, or the like may be
used instead. The catalyst-containing layer 705 may be formed prior to the
semiconductor film 704 having an amorphous structure, in other words, may be formed
on the first insulating film.

2.0 ' While keeping the semiconductor film 704 having an amorphous structure
in contact with the catalyst-containing later 705, heat treatment for crystallization is
carried out. Furnace annealing using an electric furnace, or rapid thermal annealing
(hereinafter referred to as RTA) using a halogen lamp, a metal halide lamp, a xenon arc
lamp, a carbon arc lamp, a high pressure sodium lamp, a high pressure mercury lamp,

25 etc. is employed for the heat treatment. Considering the productivity, RTA is
preferred.

If RTA is chosen, a lamp light source for heating is lit for 1 to 60 seconds,
preferably 30 to 60 seconds, which is repeated 1 to 10 times, preferably 2 to 6 times.

The intensity of light emitted from the lamp light source can be set arbitrarily, as long as
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sem conductor film 706 having a crystal structure and shown i rn? B gUL1885i s
thus forned. It is effective to irradiate the sem conductor film 706 having
a crystal structure with laser light in order to raise the crystallization
ratio (the ratio of crystal 15 conponents to the entire volune of the
film and repair defects remaining in crystal grains. Exanples of the |aser
| i ght usabl e include excinmer |aser |ight having an wavel ength of 400 nm or
| ess and second or third harnmonic of YAG |laser. In any case, pulse |aser
i ght having a repetition frequency of 10 to 1000 Hz is used and coll ected
by an optheamisysinemt fitth @s Reab@latredch B0 té e0AOQ, pittantly too0its 73fiCaiean he

sem conductor film 20 706 having a crystal structure at an overlap ratio

of 90 to 9stgntThE/heRuke EBPaTAtEE thearpidarriet théy highi the poBIREJYGRY Ame7lpae al
t t .h i Nni | ; | . | h h
catal yti o ST EHEHEEFLTHBRE AR By S T dho b e T penpdtal e

concent r atf|@nhdviiey SOhmbipBbey sthltie s thud CARtali@led¥6/obilh h RedURhaGRor fThe
sem conductor filmwith'the catalytic el enent remained 25 therein can form

a TFT and 70tHewvingeaicustd sttignreewbivbris shown in tFig.sl(dd.ef Gysielizadon &poueh t he
remai ning catalytic ele t ettering in.accprdance with the foll ow ng
met hod. Iﬁetag?e,n?{és atqlﬁeh’e‘ggﬁ?lﬁ'i@{enﬁ]é?/%ﬁtal?ﬂfof’@“’:f“&g }%éfar lﬁﬁrqv\é\%edsyrfape of the
sem conduct or 111 AQ6aRBAEhOGing i EHRER inshhfi il ey ARNSABNDC i ErlducitC. The
t hi ckness of the barrier ayef 1s not particularly limted. A sinple way

t 0o obt ai n fohen bmur it@ relbasy erydrarch acohtaimadain- @4 Brfcahdittbr 2i005/heavizgmbkn oxi de

by treating the surface with ozone water. A chem cal. OXi?ﬁ Cﬁ? %)1% f or med
al so when AREBRGUSFURFIEE BIHP1R dobeat EEtmeEnbIPT iR SIITZAH Ry d BT R % e

al 50 when FREBKAGIHFLIP BPrR ol TS EH Oty o B RS O
G her 105 PR SRRl FLE L Sy Lo 3k O 200 o86°C

at nospher e;re@Rpbl Pt ASFALT G0r tto@ahoBE! tod ¥rbtaliZRntrcg efificahdidtdrhfitmgh THY
irradiation in an atnosphere containing oxygen. Alternati v.elﬁl, a thin

oxi de fi | mefdeanductoyfilve 06 hayinma arystabstrucgivre and prgwn intFigekpdhisdhpgormed. 350C
may be used as th ba&&ﬁi

sputtering, or evapdf ee{'ﬁve‘lt g&lﬁ]ra?péég t?‘g: Sggﬂéoé@w%f?rorfﬁfhgr@él r%%”?rlg;? aﬁ%/s(%lbg
R T L e et
708 i 9% ypicemdnyniarto ahoepteuelshé iof o filthhand repair defects remaining in crystal
grains. Examples of the laser light usable include excimer laser light having an
wavelength of 400 nm or less and second or third harmonic of YAG laser. In any case,
pulse laser light having a repetition frequency of 10 to 1000 Hz is used and collected by
an optical system into a beam of 100 to 400 mJ/em?® to irradiate the semiconductor film
20 706 having a crystal structure at an overlap ratio of 90 to 95%.
The thus obtained semiconductor film 706 having a crystal structure has a
rémaining catalytic element (nickel, here). Though the catalytic element is not
uniformly distributed in the film, the concentration thereof higher than 1 x 10"
atoms/cm’ in average. The semiconductor film with the catalytic element remained
25 therein can form a TFT and other semiconductor elements but it is preferred to remove
the remaining catalytic element by gettering in accordance with the following method.
First, a thin barrier layer 707 is formed on the surface of the semicoqductor

film 706 having a crystal structure as shown in Fig. 16C. The thickness of the barrier

layer is not particularly limited. A simple way to obtain the barrier layer is to form a
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containing 0.01 to 20 atomc % of argon which is fornmed by sp éerigg Gld§| ng
argon. The sem conductor film 708, which is to be renoved | at ,JHJ 2
preferably a I ow density filmin order to increase the selective ratio to
the sem conductor film 706 having a 15 crystal structure in etching. Wen
an anorphous silicon filmis doped wwth a noble gas elenent to take the
nobl e gas elenent in, a gettering site is obtained. One or nore kinds of

el enents selected fromthe group consisting of helium (He), neon (Ne),
argon (Ar), krypton (Kr), and xenon (Xe) are used as the noble gas

el enent . Thenjerlegddt biyrveting dhe swriaieawal togoicz wdter.n A htmidab ontlsl @nglas

el ements are used 20 as ion sources to forma,gefteri site and that the
nobl e gas f‘é“l”?ﬁeﬁiﬁ%wg‘?"etrfzaﬁ]néc‘i’%a‘ﬁ 8449eHs S@EH@%%@E’GEW H%gPWBS?Xf‘gnW@Srpi ng or
ion inplant at:] : ;ar.e: it 10 ] i 0 [ nobl e
gas el erreﬁ g%'*%gﬂlﬁ?%ygn grarcrli gg%%?@%g@%gﬁlﬂér 83% %g{d' i nqtgécrtl:lsggl%s%&th hggte t he
seni condugiidiidel plaga Sredintmno i ed.oxIdigatiohh@mobphete) agil Waidlzaioar trdatmertyby

injecting the ions in lattice cells. Both of the purposes are fulfilled by
i nj ect fng orents ssperpdi HepuglydV iragiaion do| ap | atmsphesg t @ntaigingc AXEEFEd

mar kedl'y | wh an.el e that js . larger i m r.agdi. ilicon,

such as apgkﬁna(%?&’, a BN}8?@%@%Iﬂrt?fm%drb&}éer?giﬁg?%)cgal?égenu%@ﬂ .ltu%%éh%gggﬁ gdur e the
gettering 358°CQRAUGE Gled ROTAYMALYer 8GR AhealideHimi Sreedsdplagha tdVE, poi nt .
The heat treatnent is achieved by furnace annealing or RTA. If furnace -35

2 6 J U L spooSingnnearinmption tohwyers, thickatsst efehtordnmm imsai alsel et usgd jap the
nitrogen atnpsphere at 450 to 600C for 0.5 to 12 hours. If RTA is chosen,
a lanp Iigﬁf“? UWte for heating is lit for 1 to 60 seconds, preferably 30

to 60;geconds, Whicghmk $afRPEREEY sbrli@ndfcthi ABS 70Psab A& Yhate aliBickndsé MES.
The intensity of light emtted fromthe lanp |ight source can be set 5

ar bi trari lof,25as 250ngn.asThdensieniduotod ditind708f is typiclyhmadrectphous €haim B30 t o
1000C, preferably 700 to 750C, in an instant. During gettering, the

cat al yti c @naiing Vil @ 2bateavigde vépen wHchAs farmep By trjlening UPIRE 538¥ by
thermal engrgy_and i o] . Ll i . i.f&UskQn;
acoor di ngl < YatEdeh g YR oBerhibf ¥ bF e iy W pRAAIG s ¥Ry

gettering MEPH BEREIo Ifkcrbteahs ROlet®fe REDI BGhOfsehid®ad@itomafilth g6rhaving 2
tenperature. In Fig. 16E, the distance the cat altytl,c el enment noves during
get t edbng drystallstucturchio cteivmg. asWhirean tmelphewssiligontia is doped with a noble gas

element to take the noble gas element in, a gettering site is obtained.
One or more kinds of elements selected from the group consisiing of helium
(He), neon (Ne), argon (Ar), krypton (Kr), and xenon (Xe) are used as the noble gas
element. The present invention is characterized in that the noble gas elements are used
20 as ion sources to form a gettering site and that the noble gas elements are injected to the
semiconductor film by ion doping or ion implantation. There are two reasons for
injection of ions of tilc noble gas elements. One is to form dangling bonds by the
injection so that the semiconductor film is distorted. The other is to give distortion by
injecting the ions in lattice cells. Both of the purposes are fulfilled by injecting ions of
25  inert gas. In particular, the latter is. achieved markedly well when an element that is
larger in atom radius than silicori,. such as argon (Ar), krypton (Kr), or xenon (Xe), is
used.
To make sure the gettering is conducted thoroughly, heat treatment is needed

at this point. The heat treatment is achieved by furnace annealing or RTA.  If furnace
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sem conductor film and therefore gettering in the present inégntiﬁn %@
conpleted in a relatively short period of tinme. This heat tr 5né k és
not crystallize the sem conductor film 708 that 15 contains a noble gas
element in a concentration of 1 x 1020 atons/enB or higher. This is
supposedl y because the noble gas elenent is not re-discharged in the above
process tenperature range and the remaining el enments hinder
crystallization of the sem conductor film After the gettering step is
ended, the anorphous sem conductor film708 is 20 renoved by sel ective

et chi ng. ahheal@iecibi dhgsare hbadirenipbayie ccondycté® ird b yhiedgni stobyherChF35Mtd hout
using plasma, or wet etching using hydrazine or an al kaline solution such

as an aqudlts ferd)-nte A hewrat  Hdhkmisrthoseay p dapmightsawshifemhaatiag sditder 1
heni cal, f : 4 T ier | i
ot ohi ng. SPaBERb R, prhieEL N 60 G ROLpICR's | Bt 11 10 RS, B0, 27

renoved Usi ©QinkdsUoThe iahnity 35 Hght khiiGedVB¥m eheSRIMC BBEUSSQE: Ichh Be7d@ havi ng

a crystal structure in which the concentration of the catalytic elenment is
reducéd tasbitraxlyl G 71loagoas thensempicondnstar filn iplteaticdeld ackHdAnta 106§, 16E.
The thus fo 1 conductor film710 having a crystal structure is a
mass of. ﬂﬁF%gﬁgE?ﬁ$%5%@%gsWémé?“ﬂF°thin flattened rod-like crystals due to
the effect of theseaighoicine ShenBAlyicMIGRAR GRRIGAL KieRATRIo (HhiPsikyyst al s
grows with -36 2 6 J L 20%5 a specific orientation. The Sem conduct or
film710 forhecd vy doaonbanaey wint his trhowd enthedgettering tsde Hawegla cifysoml
Structure can be applied.to the sem conductor filmof Enbodinent 1 or 2. 5

Enbodi menfccrrdRaingterisg iotersRdege PR die Pgeesh meperaiiirtang Sl edRnPrOBE ni ng i n
th ‘ il ‘ i - t t
the 1E)gm %gg%ﬁ&g%apéﬂodnbg g eoét Erﬁ)@g{ %e.rgti}%' tqlg ﬂ%gsc.l@%\c{hxsdﬁlané fpdcture

wi 'l SCr 1 Wth rererence silicon oxide film

i's fornedecagyic RRstent Aiovel &lusiall @oBdE ioabhitl the 48mchavibeghickaessssfalhe
structure to have a thickness of 150 nm 10 After a resist mask 712 is
for med, t$renisoridueion fibwi ded therefpicsgasicihgdn ths pbteal invanhers i cqmpleiedtip dg film

711. Then, . a. nobl e gas el nt al one, a noble gas elenent plus phosphorus,
or phosphﬁ#%gng%ﬂg%Fgosﬂfgﬁ?ed to the semiconductor film 706 having a

This heat treatment does not crystallize the semiconductor film 708 that

15 contains a noble gas element in a concentration of 1 x 10%" atoms/cm”® or higher. This

is supposedly because the noble gas element is not re-discharged in the above process

temperature range and the remaining elements hinder crystallization of the

semiconductor film.

After the gettering step is ended, the amorphous semiconductor film 708 is

20 removed by selective etching. The etching method employed may be dry etching by

CIF5 without using plasma, or wet etching using hydrazine or an alkaline solution such

as an aqueous solution that contains tetraethyl ammonium hydroxide (chemical formula:

(CH5)}sNOH). The barrier layer 707 functions as an etching stopper at this point.
Thereafter, the barrier layer 707 is removed using fluoric acid.

25 In this way, a semiconductor film 710 having a crystal structure in which the

 concentration of the catalytic element is reduced to 1 x 10" atoms/cm® or lower is

obtained as shown in Fig. 16E. The thus formed semiconductor film 710 having a

crystal structure is a mass of thin rod-like crystals, or thin flattened rod-like crystals due

to the effect of the catalytic element. Macroscopically, each of the crystals grows with
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crystal structure by ion doping to forma gettering site 713. Ehegﬁggpgrﬁ
heat treatnment is conducted in a nitrogen atnosphere at 450 to a 0™ or
0.5 to 12 hours by furnace annealing as shown in Fig. 17B. Through this
heat treatnment, the catalytic elenent remaining in the sem conductor film
706 having a crystal structure is noved to the gettering site 713 and is
gathered in there. The mask insulating film 711 and the gettering site are
then renoved by etching to obtain the sem conductor film 710 having a
crystal structure. The 20 sem conductor film 710 formed in accordance with
t hi s enboaspaeific poeiatan. a Theysmatondgetoudidmr & Oc fimmbe inpsbérdanaeowithehis

sem conductor filmof Enbodiment 1 or 2. Enbqdinment 8 A.silicon_nitride
filmw t FEPAHRERNEskAvETa irﬁg‘?fﬁuﬁl’ﬁen%ﬁ‘? ‘bf'eaﬂgﬁ’é ‘83‘1&1? ﬁSmF‘iOPQ‘t‘Ctorz@ﬂP r%flul ating
filmfor strate 701 in Enbodinent 6. The filmis referred to
as firstnFﬁgﬁ g%?ﬁhaggln1720. In Fig. 29, the first insulating film720 is
used and a sem conductor film 706 having a crystal structure, ‘a barrier

| ayer 707, a sem conductor film 708, and a seniconductor film 709 doped
with & nobBmbodimenkfement, which are formed in accordance with Embodi nent

6, are layered tOAIrloetﬁﬁri \ﬁetf;&ﬁ Lot I;g?tgrglg-ntchef Etaf)%igaélggjgﬁglgeég%grgq}at ﬁ‘fci ng. Ar

catal ytic el enent” such as nickel nat ure r in the

vicinity @mixeueRr M&Eodi 69IRmbddgheld 8 whichcleR Aidrydugdestridtirel @il tiee first
insulating film facilitates nmoving of the catalytic element fromthe
sem condudgsoribdd with *férehenviorgn 178rt9d7al  desiliconpxédet fint i dorsend asgridasdt or

film708 or to the sem cond r film709 doped with.a nobl as

el enent . HBAFFRAIEOSTREET i Gving & PSPV o A= bet D GREOH PodtRar and
the sGyeeRegl 2Gediiemeaf 71 PECRIBRA! Ak Ihoont BEAPERR!iEMBED W TobDh ki Mgsidel ay
in data lines and gate |1 nes cannot be 10 1gnored any |onger. For exanple,

t he pi xel instlaticg dile: FhhwnThen, Brholsle ngast eldmes alongne noaled geapkiodeat gilus

provi ding a higher aperture ratio hut, on the other hand, neeéj?l to deal
With the PROSBRENS0 BRISPRRIUS jaHwC 8 [IBigCifh de theneenaieprehigtos m d0 hauing fseq

wen a o S3ra - aurER Rt P BrhE sl MATRGR | CVel there are 480 gate
Thereafter, heat treatment is conducted in a nitrogen atmosphere at 450 to '
15 600°C for 0.5 to 12 hours by furnace annealing as shown in Fig. 17B. Through this
heat treatment, the catalytic element remaining in the semiconductor film 706 having a
crystal structure is moved to the gettering site 713 and is gathered in there.
The mask insulating film 711 and the gettering site are then removed by
etching to obtain the semiconductor film 710 having a crystal structure. The
20  semiconductor film 710 formed in accordance with this embodiment to have a crystal

structure can be applied to the semiconductor film of Embodiment 1 or 2.

Embodiment 8
A silicon nitride film with a thickness of 1 to 10 nm may be used as the first .~ - -
25  insulating film formed on the substrate 701 in Embodiment 6. The film is referred to -
as first insulating film 720. In Fig. 29, the first insulating film 720 is used and a |
semiconductor film 706 having a crystal structure, a barrier layer 707, a semiconductor
film 708, and a semiconductor film 709 doped with a noble gas element, which are

~ formed in accordance with Embodiment 6, are layered to receive heat treatment for
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15 wiring lines and 640 source wiring lines and, in the case oféggA hﬁvﬁb
768 gate wiring lines and 1024 source wiring lines. As to the é é
of the display region, a 13 inch display neasures 340 mm i n di agonal

| ength whereas it is 460 mmfor a 18 inch display. This enbodi nent
presents a nmethod of solving the delay problemand reducing the area
required for wiring to the mnimumin those display devices. 20 A gate
electrode of a TFT in this enbodinent is formed froma |am nate of at

| east two types of conductive filns as in Enbodi mrent Mode 1 or Enbodi nent
1. Al andcGuing e Apeaitlytiablemeatsuchves mackiek isi byenatere drapp¢ G by AVYZENIY ihdkee hi gh

i ch hava b BB EoraceoR bR s GgBE P CE AT O A SOITE A RdU e

i ncl ude usifGasBidhg Bf fifel Q’ﬁal?@é Slekihs &Hﬁlhthe%ém‘i&%@dtmlﬂh t70k Gh%vfﬁgd
titaniumnitride, or a high nmefting point material such (Yo} W for a

first condustal veudtitennithasemisonduceo filaci08wirtid the sganenndnstuf &t ﬁ’g9fdnbm and
enploying a material that can serve as a barrier for blocking diffusion of
Al and® Cu Wik % gascdemerit i ve filmis formed fromA or Cu and a third
conductive filmis formed -38 2 6 JUL 2005 thereon using Ti or W This is
for lowering the contact resistance with a wring line to be forned on the
conduct i veefithddime@td for protecti ng Al or Cu which is oxidized relatively
easily. Fig. 18 shows an exanple in which a Wfilmis used as the first
conductive 5 fil s lquid crysﬂahtqhsrm@ledetﬁ beconteepapatio ad éltmmmm sjze thereaf and a
Ti filmig used for t eth conduct i fil for teeec ode, a
fata || ne PeaCH ettt PLabset of RETSEE o Tk Dot pih e e SpESLAG S

pi xel Bortg@d}e@% Rh crs”FHF&Mrﬁ'ﬁe I gﬁ&&%’iﬂé’tﬂfeﬁ‘sh%hhn Eﬁf%‘aﬁhéfﬁﬂtls bn oh& first
et chi ng tre@at nment I CP etching apparatus iIs enployed, BC13, Cl2, 10
and 02 ar éhang edpa=bée efpﬂom@gah;ghbhepﬁuwmatmttmttdnetrhecoﬁharshas@,tnebds 85deal 10

5, and the pressure is set to 1,2 Pa. A high frequencly ﬁ %ﬁglled to
the subst rflethspiablsw ?fhv&krlngthqegielaéfu%%ftraﬁliﬁ.Saqewﬂfs? #sieg eﬁ%&a%lwet e

hese oot oy N g Bt ey e oo ses e
the Wfilm When a display device has a pixel density of VGA level, there are 480 gate

15  wiring lines and 640 source wiring lines and, in the case of XGA level, 768 gate wiring
lines and 1024 source wiring lines. As to the screen size of the display region, a 13
inch display measures 340 mm in diagonal length whereas it is 460 mm for a 18 inch
display. This embodiment presents a method of solving the delay problem and
reducing the area required for wiring to the minimum in those display devices.

20 A gate electrode of a TFT in this embodiment is formed from a laminate of
at least two types of conductive films as in Embodiment Mode 1 or Embodiment 1. Al
and Cu are preferable as low resistive materials and also have high conductivity.
However, Al and Cu are weak against heat and corrosion, which have to be overcome
somehow. |

25 Specifically, the countermeasures include using a metal nitride material such
as tantalum nitride and titanium nitride, or a high melting point material such as Mo and
W, for a first conductive film that is in contact with a gate insulating film, and
employing a material that can serve as a barrier for blocking diffusion of Al and Cu. A

second conductive film is formed from Al or Cu and a third conductive film is formed
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flow rate thereof is set to 20 : 60, and a high frequency po

to the substrate side so that it is substantially biased negati ve.

result, the Al filmand the Ti filmare selectively etched to form second
shape el ectrodes 127 to 129 and second shape wiring lines 130 to 132 shown
in Fig. 18 (the electrodes and wiring lines are fornmed from 20 conbi nati ons
of first conductive filnms 127e to 132e, second conductive films 127f to
132f, and third conductive filns 1279 to 132g). In Fig. 18, the wiring line
resi st ancteregnggingildoa .| yThis ifeloe dpviyingdhawongach resgigange Withea wIngling 18 gat e
line fromAl. Accordingl .he substrate can be plied to.a. display

devi ce wi P rieCR 3hE Rakanch V8 Y B Her 5RO PeliE. APy L wief, iy RaRe,

hand, Cu Zpativelysdbityabl e for the wiring lines if it is desired to raise the
current density of a wiring line such as the power supply line of the
light enitting debigcdd siovehan exaBmbodi which a5W film Guised p$ thy firsheonidsctive
characteri.zed .havi n i gher resistance against el ectromgratjon.than an
1 oAl 08 Y6 oS et naatb e R i T Rb 1 Nne L Fah e
shown in I ea - Or ssion
type TFT Byiaon o folim ERECREAR, o AR R BBl BnOt A She

for mati onci@gi @ortiwnt [R0ANasd ermpitel bpdraogi 0% e SroctprediSin ncthieafcepeviihodi ¢
tabl e (preferably phosphorus) or wth a Goup 13 elenent (preferably

boron) . ﬁhﬁﬁdﬁmﬁﬁgnneL TFTs are conbined to constitute an NMOS circuit, a
conbi nation of twe. enhancenent tvy ) es : | i reas a
conbi nati on of anlyl\%ersﬁtﬁénclzn {}Ee;lattm? Iilltpgea?gﬁgéeﬁ n; ?@%&ggg%p fdﬁ%g’ﬁgi”vﬁnﬁkes an
EDMOS i I gk D, adiseX adBbiinBfad, e FEMae eetdoiiid set & &hown: 3, Anfitke pré@ireand an
exanple of 10 the EDMOS circuit is shown in Fig. 19B. In Fig. 19A, 31 and
32 both dénst¢o 1énPanckhight fregysacy powanisedppliedrey (heesubstra¢ sie spchetriféd to as

E NTFT). In Fig.. 19B, .33 d t NTET d 34 t d i t

- chanhel ST Bieseq evFer Do dliesy cobo@oRrtts A fipeck s BRI Lo, *°

VDH : I i T I i lied
repr e%mt&lﬁgs g%\glg f/:hzﬁéﬁg;té’gﬁla r@ﬁiftaﬁd ORI Rlod MRS kLS 290b% 346) fou@bpl I ©

(positive power represents a 15 power supply line to
whi ch a nelga®ifilen.vol tage is applied (negative power supply line).

15 In second etching treatnent, BCl3, and Cl2 are used as etc?ggg%@@zg%$he
i ed
As a

15 In second etching treatment, BCls, and Cl, are used as etching gas, the flow

| rate thereof is set to 20 : 60, and a high frequency power is applied to the substrate side

so that it is substantially biased negative. As a result, the Al film and the Ti film are

selectively etched to form second shape electrodes 127 to 129 and second shape wiring

lines 130 to 132 shown in Fig. 18 (the electrodes and wiring lines are formed from

20 combinations of first conductive films 127e to 132e, second conductive films 127f to

132f, and third conductive films 127g to 132g). _

In Fig. 18, the wiring line resistance is sufficiently lowered by forming a

data line 131 and a gate line from Al. Accordingly, the substrate can be applied to a

display device with 4 inch or larger pixel portion (screen size). On the other hand, Cu

25  is suitable for the wiring lines if it is desired to raise the current density of a wiring line
such as the power supply line of the light emitting device shown in Embodiment 5. A

Cu wiring line is characterized by having higher resistance against electromigration than

an Al wiring line.
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The negative power supply line may be a power supply line of gruadiyl 2005
electric potential (ground power supply line). Figs. 20A and 20B show an
exanpl e shift register manufactured fromthe EEMOS circuit shown in Fig.
19A or the EDMOS circuit shown in Fig. 19B. In Figs. 20 20A and 20B, 40
and 41 denote flip-flop circuits. 42 and 43 denote E NTFTs. A gate of the E
NTFT 42 receives a clock signal (CL) whereas a gate of the E NTFT 43
‘receives a clock signal with inverted polarity (O T Denoted by 44 is an
inverter circuit and, as shown in Fig. 20B, uses the EEMOS circuit shown
in Fig. 19Bmbodinhiest IEDMOS circuit shown in Fig. 19B. Accordingly, it is

possi ble to use an_nh-channel 25 TFET for ev,er}yp TFT. in driving circuits of a
liquid crystal di sPrayigfedrdanngt bEi shavn 1a Embedigipbdl Mint §iV ¥ &R

exanpl e of i I Leplay: V] tive
matrix dri %‘%hﬁg?%g e BT G ?@?@S@%%ﬁ%??idﬁiﬁggﬂﬁ etk dahae
JUL 2005 caseeswhies ehiimiel Sarufation Seglen eithv il @legieh€ belonging th@rogptls & dr
driving circuit are all conposed of the E type NIFTs of Enbodi ment 10. The
descri pt i operigidi¢ table referbly phosphospsd s veith & &reipyd3 element (preferaphy yoron).
enbodi nent ,uses, . nst of the. shift regqister, ecoder that. i.s
conpr 1 sed. DG gHAEn ERRot FRRLTR TGt ShovBos SiRiEH & Tm4Re Yt e
si de dri Vi jgh ehiidndbthent! Rp&TIFTs dakes LA TEEMOGECRNNDRherdf0P cHpBatagsn drd@coder
~of the gate side driving circuit and 1001 denotes a buffer unit of the

gate side culiantengentitypeul 1 arkheddpudskion typei TFY sfhkessant DM (Facitcuitnvher e a
plurality of buffers (buffer iflers) .are integrated, A buffer s
circuit that driveg ‘PH{?lﬁf tgﬁhggﬂr‘%ﬂt lﬁﬁBOWﬂfI?:@g%nigA&Pdtaﬁeﬁxa s‘i’feam
to the qipsye (it SHGmORE 815 i, dagofier 13R08 A bepdlasabhed.
"Denot gld&by{k{fog%ég gfctri\lgulfs éshilagrlllafillt Fll%?e%%(hg?gﬁgaflt@ef referred to asn
sel ecti on Ekhhzesgmaett tipendboode TFTO Mkreififtertrbferied neas FONZFT).i nesFigl 191871
(for a signal_ obtained 'E%fi nverting the polarity of Al), A2 A72 (for a
si gnal obt &P Kisaotey ai RNFFT 3gd Hedgssleara dgpressionptype n-chanpg] TIRR (persinafiessi gnal
obt ai ned by . nverti poj ar.i f h re, . n
sel ection ?{eif%% P SgﬁrJ gtfa%r% P‘anigﬁled.gg'}éﬁg‘ ar?ﬁ%eB? S@ﬁge%‘f%g?t?gﬁ;oﬂeﬁa@b?@me ®
det er m nedwWycH Deofle611:2E i§ eyRical(pog@teEpidri @F@qu@puﬁa aI rnedehe Qgat e
side driving circuit. For instance, if the display

15  power supply line to which a negative voltage is applied (negative power supply line).

The negative power supply line may be a power supply line of ground electric potential
(ground power supply line).

Figs. 20A and 20B show an example shift register manufactured from the

EEMOS cifcuit shown in Fig. 19A or the EDMOS circuit shown in Fig. 19B. In Figs.

20  20A and 20B, 40 and 41 denote flip-flop circuits. 42 and 43 denote E NTFIs. A gate

of the E NTFT 42 receives a clock signal (CL) whereas a gate of the E NTFT 43

receives a clock signal with inverted polarity (Cl ). Denoted by 44 is an inverter

circuit and, as shown in Fig. 20B, uses the EEMOS circuit shown in Fig. 19A or the

EDMOS circuit shown in Fig. 19B. Accordingly, it is possible to use an n-channel

25  TFT for every TFT in driving circuits of a liquid crystal display device.

Embodiment 11

This embodiment gives an example of the circuit structure for the display

device of the active matrix driving. Described in this embodiment in particular is the
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device has a pixel portion capable of VGA | evel display, the nugp rJQ[ te
wiring is 480 and hence selection lines corresponding to 9 bit ?n = 9??
nanely, 18 selection lines in total are required. The selection lines 1002
send signals shown in a timng chart of 20 Fig. 22. As shown in Fig. 22,
when the frequency of Al is given as 1, the frequency of A2 is 2-1 tines
thereof, the frequency of A3 is 2.2 tines thereof, and the frequency of An
is 2 ("-1) times thereof. Reference synbol 1003a denotes a first stage NAND
circuit (also called a NAND cell), 1003b denotes a second stage NAND
circuit, aagt SOeScthdesvute@sside dnividy ci2&its tml)¢heNAND stder duiving ditmmitnamebet  of
requi red NAND circuLts corresponds %o,the nunmber of gate wirings and n NAND
circuits &PEPREERIANGELEE WISk Fmbedimenfelibgdie degsmiptign Wil e giaanih

i nvention i a9l i Ci: i1t ] ND
‘circuits f§%§%9?géf€%géﬂhgg2§ g@ﬁ fth?%ﬁ§@$E%%é%%%ﬁe?fﬂ%ﬁ%@ﬁ%%%ﬁgﬁébﬁbog.
Actual |y, d2oodEriimt &r@nipsied oforepalchadnet METNAND circuits 1003. -41 2 6 J't1l
L 2nn5 The n-channel TFTs 1004 to 1009 each have a gate that is _connected
to oneSof the selfé®tirM9Wnes cxopple(af theagete sigp diyape circuitApln Rigz@d, | n

t he NAND cj i - TETLs,.. 1004 §. e . | gate
connect ed%?%%%ﬁ%a S%]f%%? ﬁ%@({)(?ﬁglgot%j?%%)der -E tk% gg %ehég%]dglggngsgéﬁl?g%%qrg% erred
to as 5 pRabks WbuSRE @6 i0PMhd pAESIdeadrBiROBRAGT ed'ht GueRe udil QEMRT tol Npart
parallel, and connected to a negative power supply line (VDL) 1010 as the
comon sourlmse amtirality & bofiens (buffiérmenplifitts) ampsintehratasio nfo huidieras p cirfpie that

n- channel TFTs 1007 to 1009 each, havi a_ gate connected to one of the

i nes A71,drixs5without tansicrana (B snthCREROng AORRSTeARdD PRV IE4E- negat i ve

sel ecypon |ines) &ig, GAODRELRR 42080400 deifial CDendR thhfo-£annel
TFT 1009 10 positioned at an end of the circuit has its sourcé connected to
a positi venpaveegnab lippd therdinafeer (Mohipd 160 i selbtioadmethef theodeaodse| 1006T ©O07

positioned at the other end of the circuit has its drain connected to the
out put | i riBe kipasi100Zskipgseeh it dofanibsignal @@mefiimm eariihe pefarnal flbLent

i nvention jfagl S.; | . - opfiect ed | R—SeFk| €S, n
n- channel ‘#Iﬁéﬁg %zistlé]j éi} gb{égﬁﬁg} tlgggr?;ﬁg E@O.&%{ltglq?él{z}f H(')’\/\%\]/’e‘g, ﬁgf]der%c% I'nation
of . the n- chiingd by fkertdipcihk po15#@Y 6F AinP Arel HBSS Hese. diThfs@bRNEn bélodHionNenesi r Cui t
to the other circuit out of the n NAND circuits 1003a to 1003c.

15  are arranged. The number of selection lines is determined by the number of rows of

gate wirings outputted from the gate side driving circuit. For instance, if the display
device has a pixel portion capable of VGA level display, the number of gate wiring is
480 and hence selection lines corresponding to 9 bits (n = 9), namely, 18 selection lines
in total are required. The selection lines 1002 send signals shown in a timing chart of
20  Fig. 22. Asshown in Fig. 22, when the frequency of Al is given as 1, the frequency of
A2 is 27! times thereof, the frequency of A3 is 27 times thereof, and the frequency of An
is 271 times thereof. |
Reference symbol 1003a denotes a first stage NAND circuit (also called a
NAND cell), 1003b denotes a second stage NAND circuit, and 1003c denotes an n-th
25 stage NAND circuit. The number of required NAND circuits corresponds to the
number of gate wirings and n NAND circuits are needed here. In short, the dccodcr
1000 of the present invention is comprised of a plurality of NAND circuits.
Each of the NAND circuits 1003a to 1003¢ has a combination of n-channel
TFTs 1004 to 1009. Actually, 2n TFTs arc used in each of the NAND circuits 1003.
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In other words, only one output line 1011 is selected at a tinmefandth@hns
selection lines 1002 receive signals that select the output |ines 1011 one
by one starting froman end. The buffer unit 1001 is conposed of a
plurality of buffers 1013a to 1013c in 20 accordance with the NAND
circuits 1003a to 1003c, respectively. The buffers 1013a to 1013c nmay al
be structured in the sanme way. Each of the buffers 1013a to 1013c is
conposed of n-channel TFTs 1014 to 1016. The output line 1011 fromthe
decoder is inputted as a gate of the n-channel TFT 1014 (a first n-channel
TFT). TheThe atchamed! THTF W@#4touH8Y cachdwive iaveatp dvaéris zenmagisl ip Pnenel (hgDH)

1017 as it QUL L.t s—dr ai t i ri 1018 that leads to
t he pi xel S%&f?]f)f‘(i]%.gsm%ﬁgﬁaﬂi&"%Fg’r'i{)‘[%%a%%%sgc\gmrjl Rgchannel 'Eli'FT) eﬁsZs ?he

posi tive pover synpk WAND&iCYPID0EOHE Rehdnhd BAEE.008 (5064 LatR HAGMER Suppl Y
line (VDL) 1019 as its source, and the gate wring 1018 kept always turned

ON st at e ga&teicosnaitasl 1. onenobtheelinesoh HsA2,eac nofthdshdinesi ffibris fOdiea toas1013c

of the present invention -42 2 6 JUL ZUCS has the first n-channel TFT (the
n- charfel Paver Bp1onHoR Hipesharesuafidech 1¢ Rah ARIharFn paralifd PG Repseled 12 e 1015)

that is c ' ' f i - T its
gate the Jarn BFvEREOPRIER (Bt L0 PR Mo BN Cul e Y 15 o
n- channel agifhf)cobisfm &aines he si-ghamhel ITHRTE 1067 {0RE¥OtehciaBavihg a gafeeonhdited
negative power supply line (VDL) 1019 as its source, and the gate wring
1018 as i tasod¢ & rihe tines Aedatd vd povem (these l{ngpiyill1ba gefrrgd Be a5 neealiivid power
supply lin GND). The channel .w dth of the n:channel TFI 10 nd the
channal | vRdegioRgtiosh At ol & ot ieghst rafEarnl iy Brbaret FToteaf < W
The Cf@nn?bsit%&fdmt ahQnt&irahs cirfuif RS ket &{nn@ct@ﬁi"ﬁ‘%lgsi%@? ?g\t#ie%hfgggi on in
u

the direction perpendicular to the channel length. T

oper at es &isc {BbljoWl2 Fhests tibunichgnral AEFat(0Vepostlanaget itlse otppkeiddf tie t he
output line 1011, t(ﬂe_ n- channel TFT 1014 ié in an OFF state (a state in
whi ch a cKHfAHENaSS q5aip ceereetd; 8 Ay utPing 8l bt her hand, the n-channel TFT

1oL | 2 e et e skl Sl e MU Bea AR i, o
i's appl i ed-dhanddlerRI8tigat e ¢o@edtOd & series and n n-channel TFTs that are connected in
15 parallel. However, the combination of the n-channel TFTs and the selection lines is
different from one circuit to the other circuit out of the n NAND circuits 1003a to 1003c.
In other words, only one output line 1011 is sclected at a time and the selection lines
1002 receive signals that select the output lines 1011 one by one starting from an end.
The buffer unit 1001 is composed of a plurality of buffers 1013a to 1013c in
20  accordance with the NAND circuits 1003a to 1003c, respectively. The buffers 1013a
to 1013c¢ may all be structured in the same way.
Each of the buffers 1013a to 1013c is composed of n-channel TFTs 1014 to
1016.- The output line 1011 from the decoder is inputted as a gate of the n-channel
TFT 1014 (a first. n-channel TFT). The n-channel TFT 1014 uses a positive power
25  supply line (Vpy) 1017 as its source and uses as its drain a gate wiring 1018 that leads to
the pixel portion. The n-channel TFT 1015 (a second n-channel TFT) uses the positive
power supply line (Vpy) 1017 as its gate, a negative power supply line (Vpr) 1019 as its
source, and the gate wiring 1018 kept always turned ON state as its drain. -

In other words, each of the buffers 1013a to 1013c of the present invention
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When a positive voltage is applied to the output line 1011, 2e§ \Rhapel
TFT 1014 is turned ON state. At this point, the electric potefittal of the
gate wiring 1018 is influenced by the output on the n-channel TFT 1014

si de because the channel 20 width of the n-channel TFT 1014 is greater than
the channel width of the n-channel TFT 1015. As a result, the voltage of
the positive power supply line 1017 is applied to the gate wiring 1018.
The gate wiring 1018 thus outputs a positive voltage (a voltage that turns
the n-channel TFT used as a switching el enent of a pixel ON) when a

posi tive haofhtage h-shappl TET (e d-beanael PET 101 MHearkDht . sc€dnd hiehainbeTFTand,
when a ne&atlve voIt%&e 25 is applied to the output line 1011, the gate
wiring 10ftBe aichasns! SEH Pl 3) fézlahlé@altlw@d iy s¢ricade thealinvon-chagmet REL apdiuses t he

n- channel A TET alfeSﬁld cﬁ'%n%f?hwftlrg n]%n e#ﬁ?t of a pixel OFF). The n-channel

TFT 1016 PE'&EYTES A" et orcedly lowering the positive

vol tage applied tegpd ha:haﬁﬁe@wm@gs &rdt RchReN®HR] LYR & Qlsk@dBnal line
Specifically, -43 26JUL2605 the n-channel TFT 1016 inputs a reset signal

when the ¢Rdse s in gper hodiefgivetpowegatpply Imer (\hg) 101Bas its emdedambthe tgate t he

negative vol.tage js .appljed._to the gate

n- channel Wﬁqgg{gl%asﬁé{j‘%ﬁ’él orilf PEERHYV HPBWQ ”ée ‘diqéf? W?@’e& g,rgﬁﬁ PRB¥r ati ng
as above S (fﬁD ate wirings one 5 by one. Next, the structure of the
source si %gpgf%lv? rcuit is shown in Fig. 26. The source side driving
circuit shown in Ehgcha&ﬁxel wixlthi de shean-demneeTFIL Q1S (W1) atd theldhd@nea rwidth

buffer unit 1023. The structure of the decoder 1021 and the buffer unit

5023 are phéhe %‘&h@n&kTfﬁel%c%@rsa&ﬁﬁh@ﬁé’d?ﬂ?ﬂéﬁ’ M2 of Theridapnpl evig hdﬁ
Case B ¢ R mEnGfrdt £ PR hg Rrmpal TG o e G fbefrficn s e "

conposed Qﬁalﬁlef]eﬁ%ﬂh stage latch 1024 and a second stage latch 1025. The
first stage latch 1024 and the second stage |atch 1025 each have a
plurality of basi &harhuﬁfsr 10123@& opszatts of follniveh Fistcdwpsedegdtivm voligbannel

TFTs 1026a t,0 2 028 the.d tted
to ;at es gf’pl'ﬂeﬁietorfﬁﬁ OB qtﬁzlrsfhelﬁ’f WBT%ZJ%B(}4 lf(“ané‘i‘ g’(i: oﬁ@tf'z(?ﬁkaz :%rggﬁ 01?

the basic ypif g hOek i Bst égfmahedr ORIES Bl A, AhDint dAhNel THEABIS is | T the
display device is capable of VGA I'evel display, for instance, there are

15 always in an ON state (a state in which a channel is established) and hence the voltage
of the negative power supply line 1019 is applied to the gate wiring 1018.
When a positive \}oltage is applied to the output line 1011, the n-channel
TFT 1014 is turned ON state. At this point, the electric potential of the gate wiring
1018 is influenced by the output on the n-channel TFT 1014 side because the channel
20  width of the n-channel TFT 1014 is greater than t_he channel width of the n-channel TFT
1015. As a result, the voltage of the posiﬁvc power supply line 1017 is applied to the
gate wiring 1018. The gate wiring 1018 thus outputs a positive voltage (a voltage that
turns the n-channel TFT used as a switching element of a pixel ON) when a positive
voltage is applied to the output line 1011.  On the other hand, when a negative voltage
25 is applied to the output line 1011, the gate wiring 1018 always outputs a negative
voltage (a voltage that turns the n-channel TFT used as a switching element of a pixel
OFF).
The n-channel TFT 1016 is used as a reset switch for forcedly lowering the

positive voltage applied to the gate wiring 1018 to the negative voltage. Specifically,
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640 source wirings. Wien m= 1, the nunber of required NAND cir02gisé]s7mﬁ
al so 640 and 20 selection lines (corresponding to 10 bits) are djdt‘*"
When to = 8, required NAND circuits are 80 and 14 selection |ines
(corresponding to 7 bits) are needed. In 20 short, the nunber of required
NAND circuits is Mmgiven the nunber of source wrings is M Sources of
the n-channel TFTs 1026a to 1026c are respectively connected to video
signal lines (VI, V2, ... VKk) 1029. Therefore, when a positive voltage is
applied to the output line 1028, the n-channel TFTs 1026a to 1026c are
turned ONth¢ nathaend@nNF23016 dgmits h ol Sigasiseaemtiedsaddibntgeeiot dopeat pate TFTs
are inputted. The video signals thus inputted are held in capacitors 1030a
to 1030c tWisngallds s sadask wdthab thehregativh seliage iTppRlicd o2ibg ga vopee1018.

respectivegly. The second tch.1025 has a plurality of basic units
1027b. Eagw%g?@nﬁﬁ%ngﬁgﬁgfﬁﬁ?ﬁgiﬁgﬁygepgug% osed of m n-channel TFTs 103la

to 103lc. Gates ofpHehfite dde 3ri@ilné:é}rc@i98 ARV e Iﬁ%@ts #e3hee WRinkddhe are

all connected to a latch signa i ne 1032, so that the n-channel TFTs

1031la 6o 193iE. anNext, thewsniicOx: af thonoercokigdn daivineganciig é sholwnagdig.<26. agpei ed to
the latch signal ljne 1032, As a.result, signals that ve bee eld in the
capaci t or SOYFFEGHI BIVIREBHECUL;sBows R5iE ﬁén@%@%&%&%ﬁapgﬁ%@ﬁ 15589 #833c t hat
are conne A n- F : thyely At the
e L1 e D Wi 10850 BERAELrd cF e HeRer JGon) i€ pulieeRaE 07K M0,
1030c ar e sauicpdtthededodertdnd thebiifesr umiti of tHOZA3e sidb drivingeirsnigrmmk explaaations.

out putted through the buffers to a source wiring 1034 as illustrated in
Fig. 21. Thercobggoutied kgge-driving circuit operating as above selects the

sour cq v 11 ngs oy, e o AR AE36KI REsly BN, of il 48l WROTfGONAY 2

driving circuit can a e conpose anne ing a gate

side drivi élﬁn_{p‘dsé&léffa faRdstages DiHC €0 Rl a dEdonti Rghgei 1IN 102501 Bhy firgtamage
n-channel TFTs. The structure of this enbodi nent can be applied to the
driving cilathi 1028fandnthecedond swagerlatchsiPBStargh dayena Bhrsaldiy rairtasiciumis W2715

of i sp aye BB SR AP &1 Rt rroeT OF iy 1A Eaees ks, SvRFe s B ot
i's such a £896nt BadodPr A2ANPRputted to gates of the m n-channel TFTs 1026a to 1026¢ that
15  constitute cach of the basic units 1027. The symbol m represents an arbitrary integer.
If the diSplay device is capable of VGA level display, for instance, there are
640 source wirings. When m = 1, the number of required NAND circuits is also 640
and 20 selection lines {(corresponding to 10 bits) are neceded. When m = 8, required
NAND circuits are 80 and 14 selection lines (corresponding to 7 bits) are needed. In
20  short, the number of required NAND circuits is M/m given the number of source
wirings is M. | |
Sources of the n-channel TFTs 1026a to 1026¢ are respectively connected to
video signal lines (V1, V2, ... Vk) 1029. Therefore, when a positive voltage is applied
to the output line 1028, the n-channel TFTs 1026a to 1026¢ arc turned ON at once and
25  video signals associated with the respective TFTs are inputted. The video signals thus
inputted are held in capacitors 1030a to 1030c that are connected to the n-channel TFTs
1026a to 1026¢, respectively. |
The second stage latch 1025 has a plurality of basic units 1027b. Each of
the basic units 1027b is composed of m n-channel TFTs 1031a to 1031c. Gates of the

- 44 -




TFT which is described in Enbodinents | or 2 is used in the soppcgisi gigh
driving circuit and the gate side driving circuit. A decoder enpl oying

p- channel TFTs substituted for 20 general shift register. Fig. 24
illustrates an exanple of a gate-side driving circuit. In Fig. 24,
reference nuneral 1200 denotes a decoder in the gate side driving circuit,
and 1201 denotes a buffer section of the gate side driving circuit. Here,

the buffe i i i i ral.l 0, ffers
(ot o oo GFRREL] 9T RS, WO g Lot ah R e oo A b2
circuit capabirebTFEXNIOB14 td1g08 he akdr tuygdgORBatCaf@bivheérd ¥ Mighiivauvolpigevis di ng
any adverse effects of a subsequent stage on a previous stage. The gate
si de decod@mﬂ@QGDm@ﬂﬁﬁhﬁéﬂﬂémﬁgﬂgéribed. Ref erence numeral 1202 denotes

i nput signal lines,(hereinafter .referred as the sel ect| | i of the
decoder 1200 andhbreolp et waf hivetian baaS e Soigtore LB s iRy an
i nvertef pRbRnEIdbyaplciRfs 1633360 1683 21h%: £88RStdiG0 Mo n-cAnc ATRTY B33k gnal
having an inverted polarity with respect to A2), ..., An, and A 7n (a

si gnal havion@03le, irespectivety. poltathiet yame timey dlspeighalt dh&nhavel beent held mothd, 1t
can be considered that the 2n selection |ines are arranged. The nunber of

the sel ect facitqrid83Qastogki30k s autrptiedety b bufer Rk EE3 - ofl hemthe signal§ #Engs to

b Cout ik . ik S Uit . it
where " pr B A g Bt Sust ML 2058n TRAERIE ip Mg; o 0BT
required, Yhir€bidddrivikg Bird@pet 8% as bvhvalseREts B @@}&Gﬁhags) bid18Borle0 be

provided for 9 bits (corresponding to the case where n=9). The selection
| i nes 1202 transmi As sdegeritied shwown ai pixehegottion ngd chalritving mirliy.cagsll As shown

in Fig. 25, assum hat uency of Al |j ormaljzed to be 1, 10 a
frequency 8Fm%§e€bﬁ%b a@&ﬂr@éégg’ gf{gﬁeﬁrédﬁgﬁ@%c%@n%gl AfOHES E¥hr essed
as 2-2, apgd.a,f 1 i

12%%2?% AERYSOEY, SimAD c%ﬂgl%p’gﬁ? segk acﬁ‘ this cldbodih tf‘cgﬁ ®e

numer al enotes a“first stag cuit so referre as the

NAND cel | ) apphlaii ke tht20Ringadittuit 20 36 aclbraharia seetatedn Entgdiaads Bor A-th st age
NAND circuits, respectively. The required nunber of the NAND circuits is
equal to 15 the nunber of the gate wirings, and specifically, n NAND

&;{ﬁuii% aﬁggéﬁg%%ﬁgg here. In other word, the decoder 1200 in accordance
p ntion is conposed of a

In this embodiment, the specific example of circuit structure of display device
of an active matrix driving. Especially this embodiment is such a case that p-channel
TFT which is described in Embodiments 1 or 2 is used in the source side driving circuit
and the gate side driving circuit. A decoder employing p-channel TFTs substituted for

20  general shift register. Fig. 24 illustrates an example of a gate-side driving circuit.

In Fig, 24, reference numeral 1200 denotes a decoder in the gate side driving
circuit, and 1201 denotes a buffer section of the gate side driving circuit. Here, the
buffer section refers to a section in which a plurality of buffers (buffer amplifiers) are
integrated. Furthermore, the buffer refers to a circuit capable of exhibiting the driving

25  capability without providing any adverse effects of a subsequent stage on a previous
stage.

The gate side decoder 1200 will be now described. Reference numeral 1202
denotes input signal lines (hereinafter referred to as the selection lines) of the decoder
1200, and more specifically indicates A1, A 1 (a signal having an inverted polarity with

30
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plurality of the NAND circuits. In each of the NAND circuits léoga Qg 05
1203c, p-channel TFTs 1204 to 1209 are conbined to forma NAN irJ i%‘."'
Actually, 2n TFTs are enployed in each of the 20 NAND circuits 12083.
Furthernore, a gate of each of the p-channel TFTs 1204 to 1209 is connected

to either one of the selection lines 1202 (A, A71, A2, A72, ..., An, An).
In this case, in the NAND circuit 1203a, the p-channel TFTs 1204 to 1206
that respectively have the gates connected to any of A, A2, ..., An

(which are referred to as the positive selection lines) are connected to

each ot hegspett BB Ae)] A~ 2(dsikrH] hhehg 2R i&@ﬂ@@?éiﬁﬂtﬁ@itlﬂrd@?@dﬂté @), powed, source
wring (VOH) 1210 as a comon source, as well as to an output |ine 1211 as

a conmmon addad m (Osigh#ichayitzemm haaded pelerityewih méspgetpo mmnndi otiEFord,207 t o
1209 that respective have t he gates connected to any of A71, A72, ..., A
7n (whi cWaEE'ECP%SF%??CL%'a @‘e?@ S‘rf]lﬁ%&Wel{:fEtsia(Fé‘f?é‘g tion lines) are connected to
each other in rd RH ) inQf ; Trecralp] R b4k oned at
one end of the @?rﬂ(ﬁﬁeri S -ﬁ%é%ﬁ%ﬁ\?ﬂggat%ﬁ%@llgonneg{i eog tg%%gﬁﬁgggfé%% power
sour c6 wwirings {ovied putp@ifPormtihd gataside drimingfeirtiie pFalzammnple, inThd cds20vhere

positioned at the other end of the circuit is connected to the output line
1211. As dBiel sesEan ifor Veeh disalpg, s PR IdeaNBOR igateuiring 25 EOrHShcERER th t he

et o VIO Y P 83y T ARSI B

the one coBduhbievi9). t YRE sdlediRnNinedaDOR traddndi sikchalt Bhwic ast) thompetted in
parallel. It should be noted that in the n NAND circuits 1203a to 1203c,
al | of comFigdSi ods shawndn Fige2p-assizmingthar B feequenty i &1 is apeealized to baés are

different from eac ther,. I n other rd, the ou t lines 1211 are

Cont 19ur cHIESRERRET & oiseBrrsitts 75 Shribietd! Bl bEp s A (o
the sel ecgﬂd%rg@eh&wﬁsﬁgggbes%pesgé}pgs 4+0® output lines 1211 are
sequentially seltect'ed fromone side thereof. Then, the buffer 1201 is

conposed of a PRefemhid yumoérabl2ferdend@d dibtostd21ISANSbeirast (absor m&pegltiovel y
correspond to the NAND ci r,cuitgthéz 3a.10.1203c. It should be noted that

the buf f etssthg NAND gelip vhdle i) lefee denpte aspepoduiage a! #uPtRSH%re, the
e T R
15  the number of the gate wirings, and specifically, n NAND circuits are required here. In
other word, the decoder 1200 in accordance with the present invention is composed of a
plurality of the NAND circuits. |
| In each of the NAND circuits 1203a to 1203¢c, p-channel TFIs 1204 to 1209
are combined to form a NAND circuit. Actually, 2n TFTs are employed in each of the
20  NAND circuits 1203. Furthermore, a gate of each of the p-channel TFTs 1204 to 1209
is connected to either one of the selection lines 1202 (A1, A 1, A2, A__Z, .., An, A n).
In this case, in the NAND circuit 1203a, the p-channel TFTs 1204 to 1206 that
respectively have the gates connected to any of Al, A2, ..., An (which are referred to as
the ‘positive selection lines) are connected to each other in parallel, and further
25  connected to a positive power source wiring (Vpy) 1210 as a common source, as well as
to an output line 1211 as a common drain. On the other hand, the remaining p-channel
TFTs 1207 to 1209 that respectively have the gates connected to any of Al A2 ..,
A" n (which are referred to as the negative selection lines) are connected to each other in

series, and a source of the p-channel TFT 1209 positioned at one end of the circuit is
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input as a gate of the corresponding p-channel TFT 1214 (a firgtg THL ghnd he
one conductivity type). The p-channel TFT 1214 utilizes a ground power
source wiring  (G\ND) 1217 as its source, and a gate wiring 1218 as its
drain. Moreover, the 20 p-channel TFT 1215 (a second TFT of the one
conductivity type) utilizes the ground power source |ine 1217 as its gate,
a positive power source line (VDH) 1219 as its source, and the gate wiring
1218 kept always ON state as its drain. In other words, each of the buffers
1213a to 1213c in accordance with the present invention includes the first

TFT of t kenredaondieghiivg powd: ¥perct tgn@ (ehanned whid a #binld1Hg p-chmehef ur t her
i ncludes the second TFT of the one conductivity type (the p-channel TFT

1215) t hdiFli R qesisionedatithe ether ridrafithereireudtis cormednd te byt line y21ype in
series and wutilizes.the gate of the first TE].of the one .conductivity type
2o the drain. AERErEYRE RaSts CRENAID st 2 sodclfenif P RF BFPhe. one
conduct i htioh YREIdeS B PYBTEof §RondhIRE E}ﬁ?gﬁle(&%hél PSS ihehigdhgy the

y L
positive power source line 1219 -47 2 6 J 05 'as 1ts source, and)the

gat e i ricogneeRtiBinaseries snditla othel © Bfiduifdhbenacbedhictingy tyfee(thy prohannegbower

source line 1217 may be replaced wih a negatjve power squrce |jne (which
isa po rSs@u@Sb¢%ﬁ£§°W§F“§rﬁwPﬁ? g altviiopidyle mRigd g dudhe nplN ne

TFT, to ki Chi - Qf i 3 j h state).
S 1t STeRae. 2% o OLUITR CoBT g e RaR IR prcpl TETE MR e Ol
and a charogdn Whet dve diftgemat®d each ¥Whpr ofln biter predanaeutplETind212i1sati sfy
the relationship of W < W2. The channel width refers to a length of a

channel feopfged o thei Gy oneas thear iy seleckrsl, and signpls irp ampé Haltheusediction a
ch | length . .Th ffer 1213a. fol.| pws. . Dur,i ti i od
£ nowhBon S gopoute W B AAgE AR LN GRa Srk Bl B Sl Pl ofd FBeTonn

t he p-chapyebs TFT 1214 is in the OFF state (i.e., its channel is not
formed). On the other hand, since the p-channel TFT 1215 is always in the
ON state (i.e., Thetsthelaffael2(]sisfoompestd, ofoa plotdiiagef biiffarhd2pdmsiot 1248¢ spower

cource | e 12101 8 P01 0,10, LIS 8L 2, 010, 1208, 0n LhE, GLRer pand.
e e AT et oMl By 15 cxse, 8 e (e
TFT 1315, Furthermore, the buffers 1213a to 1213c¢ are formed with p-channel TFTs 1214
to 1216 as TFTs of one conductivity type. The output line 1211 from the decoder is
input as a gate of the corresponding p-channel TFT 1214 (a first TFT of the one
conductivity type). The p-channel TFT 1214 utilizes a ground power source wiring
(GND) 1217 as its source, and a gate wiring 1218 as its drain. Moreover, the
20  p-channel TFT 1215 (a second TFT of the one conductivity type) utilizes the ground
power source line 1217 as its gate, a positive power source line (Vpy) 1219 as its source,
and the gate wiring 1218 kept always ON state as its drain. |
In other words, each of the buffers 1213a to 1213c¢ in accordance with the
present invention includes the first TFT of the one conductivity type (the p-channel TFT
25  1214), and further inciudes the second TFT of the one conductivity type (the p-channel
TFT 12153) that is connected to the first TFT of the one conductivity type in series and
utilizes the gate of the first TFT of the one conductivity type as the drain.

Furthermore, the p-channel TFT 1216 (a third TFT of the one conductivity

type) employs a reset signal line (Reset) as its gate, the positive power source line 1219
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the electrical potential of the gate wiring 1218 is pulled by a?e@t{f&gtﬂ%n
the side of the p-channel TFT 1214, thereby resulting in the e tr P
potential of the ground power source |line 1217 being applied to the gate
wiring 1218. 20 Accordingly, the gate wiring 1218 outputs a negative

vol tage (that causes the p-channel TFT, to be used as the sw tching

el emrent of the pixel, to be in the ON state) when a negative voltage is
bei ng applied onto the output line 1211, while always outputting a
positive voltage (that causes the p-channel TFT, to be used as the

SW t chi ngas ied ezt and tHehetpwicdlg 1216 dodtsidnaibhelt Ghéuid thatr®jedwhentha gpoasidt | ve
voltage is being applied 25 onto the output |line 1211. The p-channel TFT
1216 i s uRdEETHeUEEe lwedi212vpayche Feplacsd il AghagRidvravEenioricsgine (¥ hieh @ whi ch
t he negative. vol [ i ed, 10 pul | 0SJ.Jq1

vol t age. R%"?r%l S;‘?‘,lltcgg ﬁlgrfﬁgggogﬂ%xég ?gﬁiti%rﬁh%tf aggestahé Cga ngva\nk?i %g%lgéfg algg

conpl et edswidchi@S@tmest FRddixdlStolHRRH theSONshi@d). @ positive vol tage is applied
to the gate wiring 1218. It should be -48 noted that the p-channel TFT 1216
may beés onitt ed. Invhisirastha dhanecl svidéd (thdicatadpsWVil pof the tphelienog dtdi B315i andt he
above-descrj bed ner,. the e W rings nti al el.ect ed.. Then,
the struct Ghangkwilt g‘l‘}ij’(?étegiaﬁ rqf%%@'cgﬂﬁﬁﬁ%gﬁfgﬁﬁgéhhﬁxﬁglﬁ{l%{m&"%?f The
source si 48 & NOTR kfittr) 30BNREs 1B Liithet? 5 INpudgonAulACAARE 1301,
a latch 1302, and a buffer 1303. Since the c%ecoder 1301 and the buffer
1303 havenicharédianhé datctwhrmpegiendieslanid hichiashod éerpfih.t he gate side driving

circuit, respecti Velﬁé’ descriptions therefore are omtted CEere. In the
case of the soutke-byflge 1di34 ongratesrasyfallogionRuring p Jime genieddn | which 41302 | s

conposed of .a first s |at ¢ 4 ngd st age | < ifFach of
the fitstP 051@"65 %1153 elléa %ﬁg fgélighatnéﬂ% ﬁgtggteg%%?@f gjge ?%ngﬁﬁtgggé?%)g ﬁrges a
pl uralityuRfobRsiat URl,lis chafiel @Asdk f6ARRYS ednahe Biher BitaN BRRke TeTs cH3M6R t O

1306c. An output line 1308 fromthe decoder 1301 is in[)ut to gates of the
respect i v8FII2pS5 éhamags irThT ON g06d1-¢.oits doercltih farmegh prvotthese ofdbe potiiva 1307.

It should be noted th he n r.in is.any.integer. For exanple, in the
case of tH%W?fé&uﬁ‘ieslmeg@,lbt‘%%op#ﬁ%t}w@f’tet"ﬂgné&]&{%g wirings 15 is 640. In
the case where gkne biiRy RAHHOE! th@fcaddGhdiObRegifve WoliBed RABPA&HIO Be BEtput

provided is also 640, while 20 selection lines (corresponding to 10 bits)

are resui liae 1201, the pelonheletFT Q214 lsemet heo thai statewe Ve ithis whsen sineg the he

nunber of the necessar
channel width of th% p-channel TFT 1214 is wider than that of the p-channel TFT 1215,

the electrical potential of the gate wiring 1218 is pulled by an output on the side of the
p-channe! TFT 1214, thereby resulting in the electrical potential of the ground power
source line 1217 being applied to the gate wiring 1218.

20 Accordingly, the gate wiring 1218 outputs a negative voltage (that causes the
p-channel TFT, to be used as the switching element of the pixel, to be in the ON state)
when a negative voltage is being applied onto the output line 1211, while always
outputting a positive voltage (that causes the p-channel TFT, to be used as the switching
element of the pixel, to be in the OFF state) when a positive voltage is being applied

25 onto thé output line 1211. ' 7

The p-channel TFT 1216 is used as a reset switch for forcing the gate wiring
1218, to which the negative voltage is being applied, to be pulled up to a positive
voltage. Namely, after a selection period of the gate wiring 1218 is completed, a reset

signal is input so that a positive voltage is applied to the gate wiring 1218. It should be
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NAND circuits is 80 and the nunber of the necessary selection Iiz:gs e g
(corresponding to 7 bits). Nanely, assum ng that the nunber of t goﬂrc‘e
wirings is 20 M the nunber of necessary NAND circuits can be expressed as
M m Sources of the p-channel TFTs 1306a to 1306c are connected to video
signal lines (V1, V2, ..., VKk) 1309, respectively. Nanely, when a negative
voltage is applied to an output line 1308, all of the p-channel TFTs 1306a
to 1306c are sinultaneously put into the ON state, so that video signals
are taken into the correspondi ng p-channel TFTs 25 1306a to 1306c,

respect i \neted.thafihke piclames THTALI6 iaydetoakieed.in are retained in capacitors
1310a to 1310c, respectively, connected thereto. Furthernore, the second
stage |atch 130%itlFheozateside deiying gicuit shat opcrgtes ba dhccabonpdsscribed Tsnaete h

conposed tﬁ%éﬁgvﬁgﬁgsggr? %Eq%%ﬁalylg’e]réc%e&. 0 'liht é’é‘%f’ Séula.étPI%fOfgiaStO?l?CégﬁEdelt (;tl]r?vin

p- channel C -are conne _ atch 'sign i ne %312, SO

that whenrimuit49 sBofnJHLFEOQE, na@atdovre Vild @ﬁein%sciﬁﬂm heehdveh tiRerifabeh
signal line 1312, all of the p-channel TFTs 131la to 131lc are
si mul banduelgdisp a dacader 1901, adateh T¥2uknd a biigersli3gpal Sincethsi degaddri3Phend

capaci tor 310 1310c are.then retained respectively jn.capaci.tors
(3h5a t o e Bater i dErEdss Bt St i el RS s Sidk s BRGU g

si mul tane;gé&btyve@%tdgégﬂﬁrﬁgng herbMt Les omt?@d hekhen, as described with reference
to Fig. 24, those signals are output to the source wirings 1314 via the
buffer. Wth tlhehes@ige oftheisderceisidel difyiny ¢cicumittshdvain BigeRattes lateh 1R is
above-descri bed manner, the source wrings are _sequenti al Ic}é sel ected. As

descr i bedomPostkolab i stagy leshpdet Ayl e secopdisiesleieh d39i dépchiatds fihnd t he
10 oM CQu 15 Dtk e Gtk PR Yarl 13030B8 Z:{]@ﬁkaéig@%bag?é dnifizbhe pi xel

|
sections a driving circult's can b€ entir p- channel
TFTs. Accaelico@bysedifon p-EiadhelCEFTOMB06hH t8N3664. | ven b®bhi Hnd YRE tospihay

device, a fabrication yield and a throughput of the TFT steps can be
si gni fi cateechderil@pt avaput tohgatesyf thesespedtivg m p-apnsd d&dd 1390 BWOF drtcost .
TP ot S, OB IR AT S8 BandBE, CLoNY o0
sem conduct or deyicgspeaih @6 cARMVTBE Va2 dishky,Us BEmbOOIRNE SRR wirings
15 is 640. In the case where m=1, the number of the NAND circuits required to be
provided is also 640, while 20 selection lines (corresponding to 10 bits) are required to
be provided. On the other hand, however, when m=8, the number of the necessary
NAND circuits is 80 and the number of the necessary selection lines is 14
(corresponding to 7 bits). Namely, assuming that the number of the source wirings is
20 M, the number of necessary NAND circuits can be expressed as M/m.
| Sources of the p-channel TFTs 1306a to 1306¢ are connected to video signal
lines (V1, V2, ..., Vk) 1309, respectively. Namely, when a negative voltage is applied
to an output line 1308, all of the p-channel TFTs 1306a to 1306¢ are simultaneously put
into the ON state, so that video signals are taken into the corresponding p-channel TFTs
25  1306ato 1306c, respectively. The video signals thus taken in are retained in capacitors
1310a to 1310c, respectively, connected thereto.
Furthermore, the second stage latch 1305 also includes a plurality of basic units
1307b each composed of m p-channel TFTs 1311a to 131lc. All of gates of the
p-channel TFTs 1311a to 1311c are connected to a latch signal line 1312, so that when a
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invention. The followi ng can be given as exanples of such el ecfroniic 2005
apparatuses: a 20 video canera; a digital canera; a goggle ty & fsp?ay
(head mounted display); a car navigation systen an audi o reproducing
device (such as a car audio system an audio conpo system; a |aptop
personal conputer; a gane equipnent; a portable information term nal (such
as a nobile conputer, a nobile tel ephone, a nobile gane equi pnent or an

el ectronic book); and an i mage pl ayback device provided with a recording
medi um 25 Exanpl es of these sem conductor devices are shown in Figs. 27
and 28. Hiegati@&Adliagt issipphitd® the bavehi dignal dife 43U sk tod phepeclkomal TEGNMAILer and
so forth, which includes a frame 3301, a support table 3302, a display
portion 380311Ggre shanliangeuslyriygned@inspl ay portion 3303 can be applied to the

port i on 3903 HEeddPspl ay 3303 can ed o the
or "the 11 ot -ertt BrRgnly chef ek R GBI adie TIAHTNT gy

JUL 2005 setafiedi fesgeriivdl ih Qiap@aioly 139l 4 181 3ch@niéctedio thepRESHRNTFTS
invention. The nonitor of a desktop personal conputer can be conpl eted by
usi ng 5t helPdesehillcmpdmimpslaneppgy optpt ol theBeffet1883.a Thatees dessrbed withch

i ncl ude in.b 311 dj spl tjon 3312, . i j ti
351, opelirish 1Sar o bt g BiluaRo thORure Suntl B4 B g BOT O
portion 3@4@, th@lsohiRe stdek@ividd Rir6ihis E}la@)bp&@fefsiiﬁ Nhe3 B3 CRRcitdaRBhA@dtht0 t he

liquid crystal display device of an active matrix driving shown in Fig. 8
or the |isphutce veinings anegegientigdy shawed.in Fig. 9. Another integrated circuit

can be forned b l.yi he TFT of the present invention., resent

i nvention. The ‘%? ag‘gng%gg‘r 'i‘ec?gﬂv%é’yc“(?ﬁ‘iﬂo dhe gt Sids RS _GL’(?)C‘% @l?de@?c
illu at i: i - f..pl f . : i ay
whi o1 nefnd G e kb g Bap onRIRE o aSorife Sl uatie o plen
3323, a sdmdRg cifeoitd ko bd3dMirelarfoantd oalthes psdhemncd3PSLs. a Adcedinyy, 386, or

the like. The display portion 3326 can be applied to the I%gyid crystal
di spl ay deprieaionrolan agdyy Patriatypr disglaycrigeshiphpcation yiplg.and aghrqugptti ght

emi g deViCaranQn, | BaFho.qidn Ol et LOLLRBLEY CLIGKE LA LS

formed by adﬁiying T 0f % S€e I hven ead- noun

di splay cgmribRionc@eP! athedrivutsdMBistchBobngse bin bayHlel @theRirBingdifRuit
illustrates an i nage reproduction apparatus which includes a recording
15  of an active matrix substrate in Embodiments 1 or 2.

Embodiment 13
Various semiconductor devices can be manufactured by using tﬁe present
invention. The following can be given as examples of such electronic apparatuses: a
20 | video camera; a digital camera; a goggle type display (head mounted display); a car
navigation system; an audio reproducing device (such as a car audio system, an audio
compo system); a laptop personal computer; a game eqtjipment; a portable information
terminal (such as a mobile computer, a mobile telephone, a mobile game equfpment Or an
electronic book); andl an image playback device provided with a recording medium.
25  Examples of these semiconductor devices are shown in Figs. 27 and 28.
Fig. 27A illustrates a monitor of a desktop personal computer and so forth, which
includes a frame 3301, a support table 3302, a display portion 3303, or the like. The
display portion 3303 can be applied to the liquid crystal display device of an active matrix

driving shown in Fig. 8 or the light emitting device shown in Fig. 9. Another integrated
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medi um (nore specifically, a DVD reproducti on apparatus), which igqhﬂgqggﬁ
mai n body 3331, a recording nedium (a DVD or the |ike) 3332, oge at1on
switches 3333, a display 20 portion (a) 3334, another display portion (b)
3335, or the like. The display portion (a) 3334 is used mainly for

di splaying image information, while the display portion (b) 3335 is used
mai nly for displaying character information. The display portions 3334 and
3335 can be applied to the liquid crystal display device of an active
matrix driving shown in Fig. 8 or the light emtting device showm in Fig.
9. Anot hetircuiitcey hatfednad by applyingrihd @FT arfrtbel p2Seridyinanpby.i richetthenifbFof af t he
present ipnvention. The inmage reproduction apparatus can be, conpleted by
usi ng t he"SSFIQB BREORA, GURPY g Can b Gompletediby ugiag thernsesent ig¥e§ioe: t ype display
(head- nount ed d; I i -IyR| d 34 L spl ortion
3342, an arn1pgﬁgﬁ%ﬁyégﬁgﬁgg%gﬂgégp %?‘@%&F?%%Bgﬁéﬂéﬁ%ﬁ%hﬁ%géb%P? H to the

li quid crystied 3812 phaydidembeepdiion B3 B; opvatisrbwitohed 33 Y4, NOb&RAWI3THhn2 6 JUL
20n5 in Fig. 8 or the light emtting device shown in Fig. 9. ‘Another
i Nt egPat edNAEP FGIVInETRAtIGR33 ¥ PR Liky. aPip! disphay paréom 3 2o bh epicd sethe

i nventi ony A ype.di splay can_be. conpl et ed by usi he..pr.esent
inventi ozl.lq"l‘?g.rﬂ%ggmﬁhtyu@%rl%t é@aré%ftg’ﬁt 1615“ e‘frévgﬁ%ﬁ%%ﬂ%fuégr f{;\,ﬁf ([’:}F‘F P%Etl udes a
mai N bodyem#irg3&Vicedshbwag 8352, Adiics Phidyral@clb@nc %fo@e&%?ﬁapﬂﬁfng 3354,
or the like. The display portion 3353 can be applied to the liquid crystal

di splay déeildd of tlampeesentvievantion.i XThedvided ngnehoan tiencdnpleted byrusingethei ght
emtting deviﬁe shown in Fig. 9. Another integrated circuit can be forned
by appl yi N&ChEVSEPYf the present invention. The |aptop personal conputer

can conpl et b i i 2Nt 1 i N Lh | ates a
portg§1e telepﬁgﬁé¥7 ?g f%%?hggg&g%§F§%¥g§h% %E@ @95I?“%§£@%EEF§?F§n panel
2702, a cwhickdtdlintys paniindodR 383, siBhel @blkpBase, pared nd6Albind 330Bposeenof  a
liquid crystal display device, a dispLa¥ devi ce 2704 tyg%fied by an EL

di spl ay deirtier 332 aRniigalotsism 3Hor fi Bwle76aat thenlikent dhn sisplag Portivge

2702 and B Ananie AR B PERTSondl offla? BRI L R AR o BB B e

appl i ed t@ ¥ibes ot ehd 81 eyskiab dévied !slﬁbWIﬂﬂVﬂ‘ig.eQ.OfAlﬁﬂh@QﬁtEgi@ted QRédi %t Vi Ng
shown in Fig. 8 or the light emtting device shown in Fig. 9. Another
i nt egroat etbrwed byiapplyg the TFdrafele prgscap piveiting. t Abe Tead-mourtérediprlas et be

i nvention. Tq
comp

gted by using the present invention.
Fig. 27D illustrates an image reproduction apparatus which includes a recording
medium (more specifically, a DVD reproduction apparatus), which includes a main body
3331, a recording medium (a DVD or the like) 3332, operation switches 3333, a display
20  portion (a) 3334, another display portion (b) 3335, or the like. The display portion (a}
3334 is used mainiy for displaying image information, while the display portion (b) 3335 is
used mainly for displaying character information. The display portions 3334 and 3335
can be applied to the liquid crystal display device of an active matrix driving shown in Fig.
8 or the light emitting device shown in Fig. 9. Another integrated circuit can be formed -
25 by applying the TFT of the present invention, The image reproduction apparatus can.be,
- completed by usin.g the present invention. '
Fig. 27E illustrates a goggle type display (head-mounted display) which includes
a main body 3341, a display portion 3342, an arm portion 3343. The display portion

3342 can be applied to the liquid crystal display device of an active matrix driving shown
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portabl e tel ephone can be conpleted by using the present invengigpnil 2005
Further, Fig. 28B illustrates a sound reproduction device, specifically, a
car audio 20 equi pnent, which includes a main body 3411, a display portion
3412, and operation sw tches 3413 and 3414. The display portion 3412 can
be applied to the liquid crystal display device of an active matrix
driving shown in Fig. 8 or the light emtting device shown in Fig. 9.

Anot her integrated circuit can be forned by applying the TFT of the
present invention. The sound reproduction device can be conpleted by using
the 25 pnddgnt of hedight emitting devigrghomwn|indilig. & e dnathgl gitaezdted elfritacandie ch

i ncl udes maj p body. 3501 i splay portion ( 3502,. a view finder

por t 1 o 386561 By 3petSing 106 Tk pbE e BR e Rf e Hispyse8%¥hng o

battery 3B 1ctddBy 6HiSPihe prRittidveAgon3©02 and 3505 can be applied to the
liquid crystal display device of an active matrix driving shown in Fig. 8

or -52 2 6 JUL BIgO%B7E hiduskraghta kpiopt pengpndkvoroputshehithi inclides a Snaidrbother
integrated circuit can be forned, by plying the TFT of the present

| nvent ons3Sthd Mg Tars £aiveiek Perion éggﬁr%qygq%zﬂq B H%ﬁ%ﬁél fzhe%? dialay

i nventio fort , . S i i e,.appl.d

vari ousl Qtré@%%%g%lg% g%g@%ﬂé&g tt@f%@%@oﬁ?%:tala%%@%tdgggg%?naga"lac?&? |ﬂé"|9g)s{ The
el ect r oni gridippashatvuisis Figd 8 hur sthe ntixddi eiiftingméyvicel Shovenyin OFig. &f  Another

configurations shown in Enbodinents 1 to 12, As described above, the
present | MiemipdEireyt sapapiternstd bbapalygeihe TAd el thypresepl nyppte: enthe DD
structure nd _a p-channel TET on it sa .t he same process.
The obt ai %gfg)pé)gﬁo\r}gl C%r’rmé)turelrfalég e lte %8(1:3 #gﬁgﬁﬁgér%g%%&n@%ﬁélgct ure a liquid

crystig] di spl ayrigediL alus@iteda ghsM@tlephbhetRNicl trchayd Agisplal ipghdl 2901,tani ng
| ayer on the same substrate. Reducing the nunber of photo masks |leads to
i nproved ppesaiont pavélt3702) mcormddingiportjont 283 pr Beedispliyrpaeclt476h iepmposed of

L neel LR ol L1 1811 a% AL Lt andh poL ot pmnes, chRacter sl of of
TFTs as d&ﬁﬁlﬁic}ﬁﬁﬁt ﬁ&@i\ﬁﬁ 2783 akd Bn ka0 VHfYle &;%rﬂoﬁ‘lpm 08 is composed
of an operation key 2706, a power switch 2702 and a sound input portion 2708. The
15 display portion 2704 can be applied to the liquid crystal display device of an active
matrix driving shown in Fig. 8 or the light emitting device shown in Fig. 9. Another
integrated circuit can be formed by applying the TFT of the present invention. The
portable telephone can be completed by using the present invention.
Further, Fig. 28B illustrates a sound reproduction device, specifically, a car audio
20  equipment, which includes a main body 3411, a display portion 3412, and operation
switches 3413 and 3414. The display portion 3412 can be applied to the liquid crystal
display device of an active matﬁx driving shown in Fig. 8 or the light emitting device
shown in Fig. 9. Aunother integrated circuit can be formed by applying the TFT of the
‘present invention. The sound reproduction device can be completed by using the
25  present invention.
Fig. 28C illustrates a digital camera which includes a main body 3501, a
display portion (A) 3502, a view finder portion 3503, operation switches 3504, a display
portion (B) 3505, and a battery 3506. The display portions 3502 and 3505 can be

applied to the liquid crystal display device of an active matrix driving shown in Fig. 8 or
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1. A nethod of manufacturing a sem conductor device conprising t,?g mt.lep@%
of: 5 formng on a first insulating filma first sem conductor Ta
second sem conductor film and a third sem conductor filmthat are
separated fromone another; formng a second insulating filmon the first
sem conductor film the second sem conductor film and the third

sem conductor film formng a first shape first el ectrode adjacent to the
first sem conductor film 10 a first shape second el ectrode the second
sem conductor film .and a first shape third electrode on the third

seni conducthrighf Plﬁ}ttm%ii\?ﬁl‘#gsmwwgﬁlg i% stAIHlﬂ?ﬁf Agjegratecirsnit o pg formed by
concentrat on i [ oD f £ Cco t|v in the first

sem conduc yIP grg e lrﬁ d’f‘satg(%’: ha Igtelrrrllv%ngr?gm fgl mcgné%rg (iaﬁgoe ?(Pf'ill?iated by

sem conduct@hg fHelpidedt iMeéi@nt he first shape first electrode, the first
shape second 15 electrode, and the first shape third el ectrode as masks;
form ng a secondAs kedpertif abos’@, tb¢ presend dheentions@p dn dpplitdparised p tda widechngsde,

and a secogé sha e th| g&j % r'Tﬁt he,first shagelﬂfl t el ect r ode,
the first § ffémél ca&ﬁafa “éTSeIB © ElRerniG appardsesdn ik PO RER! BiYe ;
form ng thﬁ%ua@ SREGNGnfigl aﬂ&lstgh%%qﬁrﬁmlgodﬁﬁ&fm 16ARCRNLERL AN abfRUIHL Y 20
region of t ne conductivity type Int second seni conductor film and
third conpestmtatieation guapatily of Egindmsn-chartneETBReofdiffetent LIDIY stricyypes ami t he

first sem conductor_ _filmand the second sem conductor film_ the second
concent r at Rdhchampelr TEY e ficosimsy SHstpii i teneme pBitassshdpe Sdeigry active

el ectr ode: ek LBLAL L.l BEAUINO LI ARRLIDLI SLIFALA, OHEL e o display

concentration i np regi on an ncen ron rnmpuri regl on

in theyg hi Héiwﬁéﬁﬁv(iﬁg’lﬂugﬁtcﬁmftidg%yelrBﬁtherﬁﬁie%ﬂﬁstﬂ@é“ ng the ot her conducthl ty
type that is opposite to the one conductivity type. 2. A nethod of

manuf acturing a se&@mﬁmmummé@hcmrmsl@ln Stthelﬁﬂltf@‘{ﬁﬁ phductyay2 B JUL
?005 formn first sem canduct or sem conduct of fi lz?r;%l and a

Chird CsenfOdnatcest TrER ofvehiphr st  SeuRab T IOy or Hndy oLk o
i nsul ati ng pEichMA8e ERRadiidistics of&e ARGy ERdtrixubsirate by optimizing LDD structures

of n-channel TFTs as described above.

15
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sem conductor films; 5 formng a first conductive filmon the Zf%ogﬂ
insulating film formng a second conductive filmon said fir HuéQ|ve
“film etching through first etching treatnment the first conductive film and
the second conductive filmto forma first shape first el ectrode adjacent
to the first semconductor film a first shape second el ectrode adjacent
to the second sem conductor 10 film and a first shape third el ectrode

adj acent to the third sem conductor film form ng through first doping
treatnment first concentration inpurity regions of one conductivity type in
the firstWieat doadudMiEDIS! m the second sem conductor film and the third
sem conductor film etching through second etching treatnent the first
shape first electrode, 15 second electrode, and third el ectrode to forn1a
second shape firs I Q

second shape thlr%“§f§%@6£ ﬁm ‘iﬁﬁgﬁg%ﬁﬁ%@gﬁﬁggﬁéﬁgwgg hnggg nERﬁ a
second copgentration |npur|ty regi on of the one conduct|V|ty type in the
second sem conductor film and third concentration inmpurity regions of the
one cdhductivity foyméng enthéirsti inselaiegrifdonaUisosemzonductan &ﬁm 2 recgrscond

sem conduct or f nd form. thro thir do in treatnent a fourth
Semont o Sarpondustir i an h i etifoqdtlon i B P9 P Egi on i n
the third sem CO“FBiﬁﬁIQ% aEédoHH nﬁsﬂﬁtmé %%%%hé"ﬁi’s‘t @&nfcbﬁd&‘i&%ﬂnﬁﬂ&%@éﬂd’ Ity
type that is opposite 1o the one conductivity type. 25 3. A nethod

manuf act usémigoaduwenr fion dut therthidksanteondnotwpfilisj ng t he steps  of: fornlng on
afirst insulating filma first sem conductor film a secand . sem_conduct or

film and a thi rdg%gﬁ?&éﬁ%éPW firsY sleqtrode aﬁlaéelgé%él}eafﬂfé%ﬁeﬂl%?ﬁdaﬁ@fg t her :
formnpg a fgstgérbaggasg&nd' L8didd "tﬁé ﬁ%ﬁg%\éﬁﬁcfohﬁﬁctéﬂ pﬁﬁ &Eﬂ%ﬂ EQEth I m

with a - gecond 1 hs m 1 nterposed t ere et ween,;
form ng aefek:fr@cﬂe@om@emd@etmlemduﬁwmrhy regi on of one conductl vity type in
the first sem conductor filmby using the first shape first electrode as a
mask; forming a fifersting Hhepsh Set pping eameptiBrsherncanyjioatimpueereginns gt

el ectrode o2y gonductlvny in the first semiconductor film, the second semiconductor film, and the

third semiconductor film by using the first shape first electrode, the first shape second
15  electrode, and the first shape third electrode as masks;
forming al second shape first electrode, a second shape second electrode, and
a second shape third electrode from the first shape first electrode, the first shape second
electrode, and the first shape third electrode;
forming through second doping treatment a second concentration impurity
20 region of the one conductivity type in the second semiconductor film, and third
concentration impurity regions _'of the one conductivity type in the first semiconductor
film and the second semiconductor film, thé second concentration impurity region
overlapping the second shape second electrode; and
forming through third doping treatment a fourth concentration impurity
25 region and a fifth concentration impuﬂty region in the third semiconductor film, the

regions having the other conductivity type that is opposite to the one conductivity type. -

2. A method of manufacturing a semiconductor device comprising the steps

of:
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5 the second sem conductor filmand the third sem conductor filnfwilih e
second insulating filminterposed therebetween; etching the first shape
second el ectrode and the first shape third electrode to forma second
shape second el ectrode and a second shape third el ectrode, respectively;
form ng through second doping treatnment a second concentration inpurity 10
regi on of the one conductivity type in the second sem conductor film and
third concentration inpurity regions of the one conductivity type in the
first sem conductor filmand the second sem conductor film the second
concentration i npdertiyg s &igitepmicondudianilimg stdrad semmoddgtiopiding @odradhird

el ectrode; and form ng through third doping treatment a fourth
concent ratSF‘BFFOPﬂ‘b‘iﬁ?riﬂg‘ Oﬁﬁgfgéﬁ%gtl&ﬁé‘?‘é} fifth concentration inpurity region

(0 the third sem eandhg! @f <o ifddfatint @GN DN AL NIyt "G OIATagRORMEL ! VI LY
type that is opposite To the one conductivity type. 4. A nethog of

manuf act ursemgroadsesi filazguct or devi ce, conprising the steps of: = 20 form ng
a first sem conductor film a second sem conductor film and a third

seni cofduct or fi | Ap@Hn&afiryteondyesive Simeg the seapnd igsiptieg Hlkecond i nsul ating
filmon the first 5@?@8&?&%%&&&% figmhgpfssxﬁ%ﬂgt cgﬁa?étﬁ%ﬁrﬂ‘?t or film and

the third sem con & ormng conductive Titmon the second

insulating film e&hidOfHFbikeh first QTS GRMEMGT ithe fitdt| dBnaficiivRefilm 288 the
conductive film etching through first etching treatnent the first

conduct i veetindmcamtictive filge twddrne ondingst $hape flistireleotrodsr adjacentr ot theh&gss i r st
el ectrode adj.acent to the first semconductar film, form t.hro first
dopi ng 1 SATHERENGOR T (E5HRRs FEOROR PR AdiareRdg et FRCHI8 05 of
one CQRAUGHYILLY 2 BYRehddR (hR€ clobisd a%gae £ABMMCHRE sEhlcBhMdisiipg the first
shape Pirst ’g e%t%odezgs a ﬁgsk;‘%t hi ng througﬁ séﬁond etcﬁ?ng t r eat ment
the first conduct ifeenihi|throagh firdtelopiectacatinew iitsictaneentfatiomitnpufigr mgenki r st

shape second el ectrode and a first shape third 5 el ectrode oger tﬁf second
sem conductfemecprdachndy tne ip fis st emicynygior hmsthe sgcond semiconductor film,

and the third semiconductor film;
etching through second etching treatment the first shape first elecirode,
15 second electrode, and third electrode to form a second shape first electrode, a second
shape second electrode, and a second shape third electrode;
forming through second doping treatment a second concentration impurity '
region of the one conductivity type in the second semiconductor film, and third
concentration impurity regions of the one conductivity type in the first semiconductor
20  film and the second semiconductor film; and
forming through third doping treatment a fourth concentration impurity
i‘egion' and a fifth concentration impurity region in the third semiconductor film, the

regions having the other conductivity type that is opposite to the one conductivity type.

25 3. A method of manufacturing a semiconductor device, comprising the sieps
of:

forming on a first insulating film a first semiconductor film, a second

semiconductor film, and a third semiconductor film that are separated from one another;

forming a first shape first electrode over the first semiconductor film with a
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etching through third etching treatnent the first shape second e@egtngqnqg
and the first shape third electrode to forma second shape second -
el ectrode and a second shape third electrode; form ng through second
doping treatnent a second concentration inpurity 10 region of the one
conductivity type in the second sem conductor film and third
concentration inpurity regions of the one conductivity type in the first
sem conductor filmand the second sem conductor film and form ng through
third doping treatnment a fourth concentration inpurity region and a fifth
concent r at $e6anqd mswlating fijre dgiterposad therebatiweerd seni conductor film the 15

regi ons having the.other gonductivity .type that is opposjte to the gne
conductivity typ_e.fog.m% %@ESE6%!“8?“?%&’%&?%@?&:(&%’6“3%Saﬁﬁmuﬁ%p’l’aém e
accordi ng figt SdricOhdhctor WRNSI widdh8e fitst Shape RS LEC¥Ee §d d fRabie fornmed froma
conpound of nitrogen and oné or nore elenments selected fromthe group

consi sting of Ta, Mmiiiga &l shdpe sachd 2&tnolie nrd A firkteshsgcthivd etadde bvere il m
is forned froman_ all oy that contains one or nore el enents selected from

the group BEn%ceRd fgmaronguctoxafilny and,the frd gemigopdiickydiibe Withdhracsettdng a
sem conduc} ar; glsé/'ﬁﬁﬁ ixﬂ‘é@%gé@' tﬂ%eg(?wgé im3, wherein the first conductive
filmis forme& om a conpound of nitrogen 25 and one or nore el enents

sel ected fromthe gebiup tkofisi slidpdge@hd ERctrde drid thafigst Mhapeadhttd eWaabéd @ t he
second conductive filmis formed froman alloy that contains one or nore
el enent s s&rEct ¥§oRd hape Recogd §lestredgidsy sepepdothagythingeleptrodgespeetivelry; A
nmet hod of manufactprin el d or_devi ce accor di ] ai. . =57 2
6 Ik 25 wher e n o [t BuSE SRAM Ghe RENRES) BRERTR OBkl ifoteier

Niltrogen  adpbOBE BE R oluBHERL $ype e theededon@Mchii€or@eiep Skt ing of
Ta, W Ti, and Md, and wherein tthe second conductive filmis forned from an

al | oy t hat comsti@itis immeity regiorseofahe veatcsndetivity edefindhe fing sgminppductor

consisting _of Ta, W Ti, and M. 5 8. A method of manufacturing a .
seni conduchP H&F@e@@&%ﬁ&%n@w% Sl ghe S%ﬂ%‘?@ﬂ%“ﬁé‘“%‘éd@ﬁagﬁ’o%%‘h ve

filmis a B'\rérfgggg-l;g'ﬁthé’sé‘c%ﬂ&%%S@Qcoﬁhlei&%@%e;%ndA met hod of manufacturing a

sem conduct or ce accordi to clal
forming through third doping treatment a fourth comcentration impurity

15 region and a fifth concentration impurity region in the third semiconductor film, the

regions having the other conductivity type that is opposite to the one conductivity type.

4. A method of manufacturing a semiconductor device, comprising the steps
of:
20 forming a first semiconductor film, a second semiconductor film, and a third
semiconductor film on a first insulating film;
forming a second insulating film on the first semiconductor film, the second
semiconductor film, and the third semiconductor film;
forming a first conductive film on the second insulating film;
25 forming a second conductive film on the first conductive film;
etching through first etching treatment the first conductive film and the o
second conductive film to form a first shape first electrode adjacent to the first
semiconductor film;

forming through first doping treatment a first concentration impurity region
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10 wherein the second conductive filmis a filmmainly containi ?gﬁ Syl @90%.
10. A method of manufacturing a sem conductor device according To claim 4,
wherein the second conductive filmis a filmminly containing silicon. 15
11. A method of manufacturing a sem conductor device according to claim 2
wherein the second conductive filmis a filmminly containing alum num or
copper. 12. A nethod of manufacturing a sem conductor device according to
claim 3 wherein the second conductive filmis a filmmainly containing

al um num or copper. 20 13. A nethod of manufacturing a sem conductor device
accor di ngof one banductiditymygeeinnht fiest semivuddcamndfioh ibyeusirig tiei frs@stapk irg@mi nl y
cont ai ni ng, al um num or copper. 14. A nmethod for manufacturing a

seni condu‘gélﬁeﬁtFoc@é\?iad%aS&‘ccordi ng to claim 25 1, wherein said senm conduct or

serm conduel i i m e conduc
gt oup. consi st ng. OF ey Ree Sofy LA BRRF L E R oo Bl B IR

di splay, gecoad coadtictiat ifitn DyRi@m fian shad RcsmDEREiSIcNhdde Virg &hage ARt Op
personal conputer, a ganme equipnent, a portable information term nal and
an i mege pleatyereciver hevspeand seggeopdectgnfilm snd the thirdvsthi¢amduetantifict uring a
sem conduct or device. accordi claim. 2 rein said sem conductor
device is incor poPtﬁﬁlgaqﬁﬁ?Pgﬁ gﬂr efﬁ(él?:lf‘g gﬁft _eBbﬁ’gff&?H%“é%e SesCSP‘gg?[egtaocFer%’rﬂ t he
group congicstifsNehk i HRA0EARE G & Bt BhpC HBEA clRHIUhE al B D

di splay, a car navigation system an audi o reproducing device, a |laptop

per sonal shapephirdelecteodgane equi pnent, a portable information term nal and

an i mage pl ayback_ device. 16. A pethod for manufacturing a sem conductor
devi ce accordi ng fq;mélpgaﬁﬁ?uébsegpnﬁ@lgg preaigpegt §e9ﬁ‘FQﬂ51nﬁl?€%HFaUBB\}F’é’8“Ws

i ”COTP(?T aEé’g‘i’?ﬂ oAyl ESﬁcfu‘BHbig« gﬂ{é?‘ﬁrﬁtth%? S8confl &%i@&dﬁ*{am fie Q{épﬂﬂfd
consi'sting of a video canera, gital canera, a goggle typé display, a
car navi gabne@nirstysi Bipurdn régickhsoolr poad kondigtidey iy, inaht @pdtepmpwhdenat
conputer, a gane equi pnment, a portable information term nal and an image
pl ayback fidfeeng ghe spsond semiconductor film; and

forming through third doping treatment a fourth concentration impurity
region and a fifth concentration impurity region in the third semiconductor film, the

15. regions having the other conductivity type that is opposite to the one conductivity type.

5. A method of manufacturing a semiconductor device according to claim 2,
wherein the first conductive film is formed from a compound of nitrogen
and one or more elements selected from the group consisting of Ta, W, Ti, and Mo, and
20 wherein the second conductive film is formed from an alloy that contains

one or more elements selected from the group consisting of Ta, W, Ti, and Mo.

6. A method of manufacturing a semiconductor device according to claim 3,

wherein the first conductive film is formed from a compound of nitrogen
25 and one or more elements selected from the group consisting of Ta, W, Ti, and Mo, and |

wherein the second conductive film is formed from an alloy that contains

one or more elements selected from the group consisting of Ta, W, Ti, and Mo.

7. A method of manufacturing a semiconductor device according to claim 4,
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17. A method for manufacturing a semiconductor device according® g g$lai W05
4, wherein said sem conductor device is incorporated into an electronic
apparatuses selected fromthe group consisting of a video canera, a
digital canera, a goggle type display, a car navigation system an audio
reproduci ng device, a | aptop personal 20 conputer, a gane equipnent, a
portable information term nal and an i mage playback device. S :

wherein the first conductive film is formed from a compound of nitrogen
and one or more elements selected from the group consisting of Ta, W, Ti, and Mo, and
wherein the second conductive film is formed from an alloy that contains

one or more elements selected from the group cohsisting of Ta, W, Ti, and Mo. -

8. A method of manufacturing a semiconductor device according to claim 2,

wherein the second conductive film is a film mainly containing silicon.

9. A method of manufacturing a semiconductor device according to claim 3,

10  wherein the second conductive film is a film mainly containing silicon.

10. A method of manufacturing a semiconductor device according to claim

4, wherein the second conductive film is a film mainly containing silicon.

15 11. A method of manufacturing a semiconductor device according to claim 2

wherein the second conductive film is a film mainly containing aluminum or copper.

12. A method of manufacturing a semiconductor device according to claim
3 wherein the second conductive film is a film mainly containing aluminum or copper.
20 |
- 13. A method of manufacturing a semiconductor device according to claim

4 wherein the second conductive film is a film mainly containing aluminum or copper.

14. A method for manufacturing a semiconductor device according to claim

25 1, wherein said semiconductor device is incorporated into an electronic apparatuses
selected from the group consisting of a video camera, a digital camera, a goggle type
display, a cér navigation system, an audio reproducing device, a laptop personal
computer, a game equipment, a portable information terminal and an image playback

device.
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15. A method for manufacturing a semiconductor device according to claim

2, wherein said semiconductor device is incorporated into an electronic apparatuses
selected from the group consisting of a video camera, a digital camera, a goggle fype

5 display, a car navigation system, an audio reproducing device, a laptop personal

computer, a game equipment, a portable information terminal and an image playback

device.

16. A method for manufacturing a semiconductor device according to claim
10 3, wherein said semiconductor device is incorporated into an electronic apparatuses
selected from the group consisting of a video camera, a digital camera, a goggle type
display, a car navigation system, an audio reproducing device, a laptop personal
computer, a game equipment, a portable information terminal and an image playback
device.
15 |
17. A method for manufacturing a semiconductor device according to claim
4, wherein said semiconductor device is incorporated into an electronic apparatuses
selected from the group consisting of a video camera, a digital camera, a goggle type
display, a car navigation system, an audio reproducing device, a laptop personal

20 computer, a game equipment, a portable information terminal and an image playback

device.
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