.:‘

EP (5 4767701 Bl Descr;ptlon This |nvent|on relates to a thin-film
transi storaccording to. the preanble pgphsftfzofhsi M1 and as known from
JP-A-61 183 433 and to a th|n filmtransistor panel using thin-film
transi stors of this ty ' Thin-film-transistors (hereinafter,

referred to a ”ﬁf'?g?"are broadly di vi ded |nto t he stagger type the reverse
st agger type, t co n the rev e hSo t hese,

t he arrangenem;_A_T,l'z 3and ngt n_m %ﬂ; '§‘1afd§m°"2‘fﬁ’ﬁ‘d
will be exp 'a' b@& élé?ﬁﬁt& °2ncgen b 8
of a met al ? éeneversestag-
substrate 1 aln \ﬁm ,aﬁem I nsuf at ng lm

formed on t he g%ﬁnﬁ @ J aﬂtee&rodéQ chrisisREf & RtIGOML Gnluf dr BArdhi? RFdribd &0

of i-type anoanhdidingsbetra@H mbade Rgisde br theiikb, Qh AR GhteRbulali kP i€ fohniba bh b bitGleidck

3 S0 as t OrOPPARFtybd VmBHdGcHE HRACHIMBEERGRF I-typ dinrBhoBs\hicEH (B-5) 18 o bR RE §atingblAting
made of a met filn 346GH tA6pp6Es e Hatd WedtFcde R BolTR6! ami trdinQedtrode BRANE S Mibde d Hetalduch as

film4, respectronsh gre fdimhédun @i Miypb YéicoR@idioEIMAGEpattivbly) MBdugh r-typs SenfidoRduSioBiayREs

apart from eat bndairdspaceld apat froimcdet @iien by predbteBrhinsticiistanes tb fma chaalehiragion. Each-tore.
Each n-type ssamicooduciuddyer? cogsistsrof ityp@antrphous sitiéon (va3§l) doped witindromsirityi A pratestive layer
[err] doped winbtshewn)isfiqpued to yoverdhgrntieeltucture | ayer 15 (not shown) is forned

t o cover the entThistypgefthiretimtmnsisiinand & W) eatsik atrdyicomposédof theserTETsArrgnged indnatyix iRVE

matrix array besnmenuasturgd by e ssthyg-dascrived belaye fble] listeithe requitesprts bancesning the manufac-
manuf act ur ed Wing ¥ps fae e Reendenakihindiimitranaiptonand T BT watrix aray; In thisrase; the tavereaipaoer
conger ni ng t hyPhe{Rigr bie takenypiemgn @e®P® for a conventional thin-film

transi stor®and a TFT matrix array. In this case, the reverse stagger type

of Fig. 1 Is taken up as an exanple. 20 25 30 35 40 45 50 55 2 EP 0 476
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4]) -1- 4)) 50¢[Step 11 Pgatle retaf fil i sf rd metal,
sucp asCr (chroni um, Ta( #an{akun}, o M }( no} ybdenum strate in
the tenperfature rangefof- 100 tol 200l exir] usijng..a
orspattering apparatu$. 55| slhen, |thg gage ab fl dto form
a gat® el ectrode and gate nt%EBton ectionF R Step 2]
Then, on the substrat ¢, Sl SIEC sili gdn &) t ) S t he
terrperaturfe range BOE B 358 epl] Swigh RE 8 rdensity
range of 120to 130 cqg rigHUsidlo f Pops R oduce 5
a fine-quality gate—-ihsuini i VE % t age.
[Step 3] Next, on the g£ igﬂ a ng% ' T jor phous
silicon) layer is forfred 8yt &f | higlr & fa-ISi a
semicondued or | ayer i fp~a—t+grperpttiie o« F
di schargi ng power dengity yange ofE 40 m pl asma
CVD apparatus. The re@ason Wyh t he—d- ' fo O[err]C
is that a higher film{form n%te ! r; rs
characteristics becaugegf|ate ctBlo &yd f the
a-Si layefsand that a}l ghedfid njf &m, Bre ual ity of
the a-Si film 15 [St¢pkaljNeékt| &) t y'§r, (n-type
i mpurity-doped anorph ugs Ilﬁ:%H)g a 9 c@ntlact | ayer
under the same conditio S __.I)s f 1 aye f oRNi Ing
tenperature of about 5%C 28 i & t har g ty range
of 40 to 3b mWcnR), dsiFhg|t hegbl asnmd aus| on the
[errT<a-Si layer, a squrcejard {ird|n Hf , s
formed in the tenperafjure 259 ranfy ot 080 evapor ati on or
spattering apparatus. fiter |this| Qe ar m Jjand t he
underlyings[err]-a-Si |l aye| and{acfi b pat t orma
sem conductor |ayer afda hg¢n g, ol ol o

£ Q o] o Q

. B 9 Fr] T P
7] n ] n n

[Step 1]

Agate metal film is formed out of a hard metal, such as Cr (chromium), Ta {tantalum), or Mo (molybdenum),
on a glass substrate in the temperature range of 100 to 200°C, using an evaporation or spattering apparatus.
§5  Then, the gate metal film is patterned to form a gate electrode and gate interconnections.



the'sourte and drain netal filmand [err]-a-Si layer are separated into a
source and drain’el ectrodes. [step 6] gp\g ¥fe70fp4 r @nsparent conducting film
such as an ITOfilm to serve as a pixel electrode, is forned in the
tenperature ran e of 100 to 200[err]C, using the evaporating or spattering
apparatus. Th F? } he ITOfrImrs pat - terned to produce a pixel electrode
one of whose ed s ov S thesl s;rrce el th St 7 Next Fﬁg&g
filmis for rred. rdensr ran Icmed%smf asma a tu roduce
I nt erconne t| ?}‘s '?i‘lrﬁ hear qﬂ Qt? qann sarre n'a

t hose for atrn | orm g t enper - ature range of
300 to 350[erlgleg th the RF di schargl ng povver density range of 120 to 130
mNVcnierr], using the 40 plasnma CVD apparatus. Following this, a contact

hol e reachi ng thext%areaatsinaret.ﬁmﬁ SINAIRE - srrh,ﬁormousem&rdr@xﬁgfmmaabutarmydmenateu
film [Step 8jsrtasiH)asasetitOndubbr idysitn 4 Sfsdrdtary Saboub 20t lith @ RFidisbiargiig power density
(titani um angnddoP40td S0(nMW/A3, deitigkhelplabri®CVAY & paratisTRb rbddobwliy tiRIACS lajét isttdifed at about
t enper at ur e r zsogeis €Hat 4 Aighet Him36HAing teimipbratuteSinpeirs tHe Serfivahpitton tharigtesticsSidoduse 61 o 16
appar at us. Af duetionlinithechydrbdea cohtentofitle dASitdybrand thatabwerfiim-pabitgienyethturedepradad ttequality
dr ai n i nt er coofttectSiéim.connected to the drain electrode through the contact
hole. 50 #Step 9] Next, an SINfilmis fornmed as a protective insulating
filmin the titepdrature range of 300 to 350[err]C with the RF discharging
power density range of 120 to 130 mW[err], using the plasma CVD apparatus.
This com pl et e dlex, anffiers=Si layeep fiam il tyes mpgity-doped amerpheng gljepn} ipyer is formed as an °h“2'°
aboye- descr i beaitaphiayeruader the s %ggé&‘tdéiﬂ%s a3 fhgsefor fog-i igyer {aifilm-fopjng tappeeafuspef ghout 250°C
thin-fil m%r awilytes R dischargin deptyrapgeh 40 tg S0 @l vaing therplagma CYR, aRkargius.
been,used in ésgrg] ng the gate insulating filnms and sem - conductor |ayers
of ot\her type 8 t hi n- filmtransistors: the reverse copl anar type, the

stagger type, angd the copl Y i
A e o it

el ectrodes, be.tap
i ¥ Psitdy S:Pa%d % la s§n‘ri nﬁ&ﬂ:r E&Jr 'ér'l

701 Bl In the
filmis used ¥ %n i mbRIFhth ?ﬁd'nﬂg-sflb e%rgsep%ﬁﬂﬁlo%o brée/4hH didin eleBbcRbs. t O the
TFT of Fig. 2), interlayer insulating film (not shown), and protective

i nsul ating fijsm@eepot shown), and a silicon oxide film rray be used as

needed. | nweach of these conventional TFTs, a silicon-based thin film such
as an Si N fil m aest, #ranEpatent dohducting filng ki8R Gs Bn ITOYM, 20 ph@2eA pkdl Blec®iié dscformb inghe
pl asma CVD netelpetatin remgereartt bantd 260°C,ausipgihy evagorating prospategng pppartas. Jihep) therfdO film is pat-
whi ch a subst teated tolpesitcach pixel etecirde dest of whaise edjes everiaps tiesourcel efectoaie. causi ng a

hi gh-frequency gl ow di scharge (RF di scharge) upon supply of an RF current
so as to s¥t ISep7brocess gas in a plasma state while the pressure of t he
process gas is controlled to a predeterm ned val ue, and depositing

silicon corrpounc!"%rﬁ"tﬁ‘h‘ef"@ifmi"hﬁsé" infepl@yeeipaylafing fim thaf inguiateq th %Q?FP "B%[g‘@ﬂe "Pﬁf mthe

film 10 %@Wﬁ‘@é@"g g‘& °'Btast§!°??é‘?"ﬁ‘ergétat??‘t'%‘ﬁgf ‘3&‘“

source gas foFt“Q“F'lgPHﬁ 300 to 70" Prg'ngﬁH“'? P? q%{gp Y tho
reaction g%s F s"(f[‘tﬁ‘ﬁ | 4pParpiLs- 5?"§‘§ A thie,a,goatact RiqcHRoed eriayer
mono$¥l ane (S 2¢™and anmoni a [err] gas constltute a main reactlon gas,
and nrtrogen gas Is used as a carrier gas. In orderto formthe Si O
film nonosilane Eerr] gas and the laughing (N20) gas constitute a main

reaction gas, anded)bh the HRayefinbulatisPfimi 1 (HEHRF) & AR (Sdhifunt Film@ - forihad in sequence in
Formati on of {HaQenpeflied rénge lof 120 A6 udinditd Jvagor&m@r Bisekbiing Grakls. Arlaethis, the Ti and

fol | ow ng st epsrims arb péliefndd B ProBite § iR inserdhnekivn clineaaIsthEdain déttroddtitougit the contact
di scharge tinhsigs In Fig. 3. A substrate heated to a predeterm ned

tenperature is set in a chanber, and the chanber i's evacuated. The process
gas as a gas [steptoyire of the main reaction gas and the carrier gas is
supplied and controlled to have a predetermn ned pressure. Wien about 15

m nutes for st ali¥exi on Sitdfilmtieformed 988 proteciive inputating i dnsthe gmperatyrel rarge of 8Pto 350°C with
substrat e tenfeREdiseharsing apwee dengity rime ef 129 91180 mWicn; yping thejplasgia SVR eppagaiusRFhis com-

di schar ge, t hepepgthigdiraiansishy a pl asm and startl dep05|t|on of a
si i con- ba€ed t Hthough thﬁFb%é??c'!i’ D§e¢n%"w SPPWE" d“ﬂeﬁ s%?ﬁ'!‘tﬂl "?'ﬁ?"

thin filmto gﬂfﬁ ay Fﬁa?&‘t’eg g’? ‘éa"s‘ﬂgg gs’?g andte
stopped to in ‘ﬁji a?'f’

supply of the°H8¥e¥eY §he|9§t93%'ﬁ?j§ ?'?9 §hard mp %98 geqz or Mo.
silicon-based thin film (especially a silig€on nitride thin fllrr) which is
free from25 defects and has a high breakdown voltage, the silicon nitride
thin filmis formed at a substrate tenperature of about 350[err]C and an RF
power of 120 to 130 nmnWcnjerr]. A conposition ratio (Si/N) of the number of

silicon (Si) atons to the nunmber of nitride (N) atons of the re- sultant
silicon nrtrrde frlmhas a vaI ue dose to a stoichionetric ratio (SUN =

N ey g Y b1 T o,



siliconnitride (S|N) The obtained silicon nitride filmis dense, Is free
from defects and has a high br eakdowp3Chze ¥ alggage Since filmformation is
performed while the substrate terrperature I s kept maintained at 350[err]C

t he sub- strate rrust he aggpg heat ed not ﬁﬁgeglauesig“ defects such as gfﬁ%
distortion a

cool ed overag '“ mg:&“ff " E’Eﬁf ntqr ‘f'%‘%ﬁ Qt"?"ﬁ °Y""il‘ih?§'d§5’ g'jggs”'at'“g
prevent: theg 4 el e i §&H 3¢k

i fference ﬁérg hoq,qse @3“{ f
and the P17 8 Bhgetﬁ%h rf oG ek M
formation metiofege tﬁﬂ ht'l? f‘orsbt epressure of
prol onged toy €on rglfe efe nTideﬁ krﬁuibcé(nd%po%inﬁd &éﬂi&orhﬁﬁ@dm& e {ubbths,
resulting ing m,ﬂ “(,ym;agedt,h fim. 2 shows an i nprovenentof the inverted

st agger edsd ype T bfoosed'gas dondisitsof a nain Wbkction Gad sdriliy d4@5urde dab o k film t6 Ge fordelanda

consi sting ofcarfiér ghgTordindihg themdirn reattionyadto btk tASIMA Btite [t drdeR@ forh the SINGIM) Mbnosilane
regi on of t heSiNyday ped svivhia (NHi)Lgbk odnstitOte a maliedactibn gbd; Bl nitfogér (N9 a8s iOlset! s & cafdef
are the sane gas Intohiatefornnthé-8iQ filml moresithné (SiH,)gasand the laaghing (O gasesnatitate amain readtion) .
1 denot e t he gsmeawl nitsugers(Np)igasis gred s a dalrier gdsove net hod of forming the

si i con-besed tiomatiph oftheiabove siieonibased thin filra isperfaamedd thetfalipwing staph es Mifichted hpsvesly
in Fig. 2. Stotphepmeesygasandihe R dischargeimingsfmFigydl | be descri bed bel ow A net al
fil m consi sti_ng? 8ibsten heated,iaprdptermined temperaturefnget in gshambateangiihq qyambap js eyauated.

li ke |'s fornd§e pfrcess gaggs a ga5 ’%"Et'i"af’@h? mwreactlg gastand the gar gasrisyupelied and ‘H"%tm"ed t°
patiter ned by avwda@mw %WBEI‘ abP‘HéF ?E’F?ﬁhﬂg g th % ?“@I%@? Pr9eRSs 92

AR M@&%ng’aﬁ% 32 -b;guﬁ% i gt"ﬁd i ﬁr‘gﬁ
bl o Eﬁquen“%’ .EE% ; ’gg’ -;:p f E’%% h.ngemg% %h%ifs n

"’938

bl ocking insu én
the Dl OCkba“gd &H ri%!a ﬂ&ﬂk ge] thE 5 ﬁe{i ﬁlﬂﬂ? mie@g# evafureldf ©
seni conduct ory u@y@sc Fﬂoﬁdmz&ﬁ%&ﬁw petor lTayer 7 1s formed on

i -type sem condusohess.t h kb Gi/kof e Runibe Gt sifiodh(SHARAS & thenuBét ofnith®d (R] auémsldmhmde
of chroni um sm&mtsﬁ.bwnimwmméss/M&a ¢IB3e6 b WloidBlorstricTaISI (St 20175) Bf thd cheicAlly slaBl6ke S
5 and 6 is f @nicoaGitiue ($SIECTH-obikiRE SRICEH rtAdRANS s @énsh,38/ffe frém dfects 4na Wi siighbgbakdown
apparat uss Thetag®tal filmand the i-type sem iconductor |ayer 7 are
patterned by a Sivefirebriationds paofrad whits thesubstiattenperatureds kiptraintsited at 3502 the Sub-
and 6. 55 stratd ingst be gradodlly bemtad oatithavsie defedt espchy asdistogiomantl tracka efthel snbstriate. I apldition f
a transi st or thesulisirate miast be ¢onliedover d long periad efitime tongeptharithelheatidg fimeigp as ppprevent the silicon
manuf act ur i ngitysefitrefeom heing erackedily@sizesy Fapsediby differense betwesin theithegmal xpansion enstficiente
bl ocki ng P5ay@f the subsigaterend dheclican) iiyide; flimyTheraferg, aceedingte {he onveniiprablii iremation mpthed, 4
conprises a Moetingendsenlingperods piihnsublstralp pre prlanged todparpde “5 f°""‘atEP€ﬁ‘?%3‘°W?5 $iliqgn-based
film The n-tH @m§é?ﬂ"8'éﬂ1€ll‘}¥'!tp@f’"°ﬂ‘r"ﬂ’m 7 corrprl ses an f I mh%:

TheS|Nf|Irrsa'%f mpypvenieqat J-
\Aﬁ aya" '98%}:1 meebreg gﬁhﬁ tyhe semicon
Egigrﬂfg O é@i i é ’f%‘g Wﬁfﬁggﬁfr PSSP o ﬁasg'%g)

| mis for rre
di scharge povgg gé%ﬁ gih 8: %ﬁ%& t%ﬂﬁ‘q&&d iﬁ%@%a? I:ekglale"?lats%g(afofecr easgoé”
in hydrogen Coni Bt fllrﬂ%ﬁs %mﬁm mn'(fa) InflyBderurk! (MEFér tehRe i3 foFRed on a sub-
condi ti ongs asthtd PH &ttehmpmaus%hd & b&tmne& By alphdtSetchRgWGthod, tR&MEYY fomiRg 4 Jaidlelebtyod® f
filns are corztdnaygm né mmﬁ@mgmﬁw @ at different substrate
tenper- atures Algdtd ingilating filth 8,ah MFbd SeMmicomtiuitbridysrat, ndla bREKXG MUl /8 digsequentially
schenat i car r asrged@nthe subiam 1iby alplagnaiCVibapparails. Fi g. 4 shows the plasma CVD
apparatus for CcThetbloskirgUsbigting €inme i patteined iyed photbetehing aethodto feaberthéShlockinginsulatingfitm
sem - con@uc tsom orflyl thexshdnnekregiontdiithe bypecdemiconduaigrdayer®, 10 - This plasma CVD
appar at us conprAseypesepishriugtoriayerl? isdatinedpndiecttipe senicbndugtor film ¢ byra piste CUR apparatus
f or mat i on chanthemetgalfim mede ol cheonpivmm) tantslums oranofybdenurn speying-asisengeefand drin glegtppdesdiand
chanber her eiéitfPimed yn thon-type semicpariupter iayrd by a sruttering apraeius.ghe mpiahfitm and thekbyee seir e
cool i ng char‘rﬁ‘é’l“d“f‘;?" layop7 ﬂ'ﬁﬂ?‘ﬁfﬂﬁﬁgy% photoptehingrmathed to oy spwreaARd draineloctindes 5and By o ¢
to as an P Lipe sesniceitucior lavept inRgtiepned inths i ¢f a transisior Pé‘f‘ h iﬁ"“ffﬁ? ?‘?S'F‘ﬁ‘f”r?@

the i- typese dutorf|I 4, asgptrater?atlngléianﬂ g‘ |cog
de film B gatp " are
IREAATSIRIR RA 1\ i g% AT etk e

a substrate unl oadi ng chanber 17. These cham bers are conti nuously f or med.
The gate insulating film3, the i-a-SI |ayer 4, and the bl ocking |ayer 8
are fornmed by this plasma CVD ap- paratus in the foll ow ng manner. A
substrate is |loaded in the substrate |oading chanber 11 and is heated to an
SiNfilmformation tenper- 20 ature (about 350[err]C). The heated
substrate Is transferred to the gate insulating filmformation chanber 12,




decfeaset! to an'i-a- Si layer formation tenperature (about 250[err]C), and
the cooled substiate is transferred tgp§lR7orgyPe Sem conductor film
formati on chanber 14, and the i-type semconductor film4 is formed under
the 25 above CQ'ndIt ons. The Su bstrate I S then transferred to the

bstrate heain '“"P?F@agﬁ 0
tsgm?)er :t 5|’ eeat %%1“" 0 “%ég{ a s i ?|ﬁli imi mmd
bl ocki ng | ayef iﬁ%& g:’f.?, v n% ase
under the a bq}{ﬁy ﬁ“ﬁ,,ﬂ @oﬂrﬁ 5 - -s|f|lm in
substrate unlg qonagu,ﬁ. ra&; F%.ff%

ke

(room tenper aJtH-B Erﬂa ashh é%é&pﬁratu hdving®Rach a‘RU&n%h J |§|§£d
unl oadi ng cha#rparsn bine pilsink CVD G5bafitus fdr conBdashyortmitig theRiate it il met §pe semi-
gradual | y heajondud®@r fit @Sdntl BeBlotkihglidysr 8. 0adi ng chanmber 11 and the substrate
heating chanber THiSpidnd cVDagparlis dniphises 6bstiabRoadifehmber €1, & shicbdHiridedhhbtion timber
cool i ng chanberbekaderivddo ds i gatelitttlatingifim formatierichagber Raeihtter) 12 fosfornfify thelgapittviatitig
cracks causedfiiag, eisubsteste @biing sltambert 13)ap amorphdus sificdN fdrinktion aifehbért(® be reflenist td aa\ae -
formed on t hetysasemiconduator fohation chambéhimmeiniafier) 14faréormiegithsittppgemicuidiciopfimide sobstiaten
transi st or haherting chemblet tScksilicgn nintride [fitw fonmgtidnachambe(tatieaeferred fo dsiadplocking]layer formgtion
formed, tHe nehempeeheseinafion tf fordirining the bibcking layer 8 @nd@ substfatarunioeingghamber . Theseshan-
| ayer her ei nalfersare epntinupusty fosmed:. he - type sem conductor layer 7 is formed

i mredi at el y af t &he gafednspiating fln 3 theil-a-SHanec4. ard the bieking layer f gie figkmed byjtfils plasma CVD ap-
for mat i on conﬂfrﬂt‘fsdh@"WW'ﬁé‘a R¥.r]1-aSi | ayer can be the sane as t hose of the

—
3

-acSi |ayer. TRSphstrale B'°a?'ﬂé" ’E tf’ﬁ’é?ﬂ"‘&? F'ﬁ beritf ?ﬁd "t'}?éte qtoa }3 U formaieriemees
Iayer and® t "’ﬁ( fiaosjeine H"qft' “"ft'?ftf"a'ﬁtfeé"z and
formpd by a .mtafL%{‘tm? g"sswg t| ng
charbet 15 an : &ft uqzra i %&re%f i
the plasm ! ( He rfl fsf Her the
chanber is Ween t e |- type sem con u or: orrratlon c anber

14 and the’su {)S trﬁ@st.ﬁstaal.sqm'n%f&.@@mrsuﬂs?m hébtihgnamiss aﬂﬂﬁaraeﬂe S RRteltdldr ik fulm
transistor, abeidniém oB1380°], Piehestbd2ubsiratd B tramfirted b fhe biocking layer formation cham-
[err]-a-Sil ayKur §6) bRt lﬂa':ekinilbﬁi‘ 8 RforMédund@ tHéRBéve dbrdiiodsOr Med, the 1-a-Si | ayer
and the gate i Nyud substidth id hbr WrsAbEmedeSIME Bibbtrltd VAo BAEMbeR WCknd oghAiddo & iblertashs:

| s far med sb hepepdbite (rddnfemieritdie). THe@odieduliSirath Byéhioved tiltside ChoFatis@ath Grilasding thagbéri1y.m
of this stagger acthis ygse, ithikes & lang feeiod of tiive tb geadually péat thaaubelvdid ia thpddadingichainber iihand
conti guous chtherubsteate heating chagnber1B ardtagradubliyachi thg subbieate in the sybsteate gooling gr@mber 13 and
sem conduct or thé substratepuninadingsharpien fhseras taprevehtsracketcausded by 4 Iregt stlesardgting, on thedii tim

i nsul ati ng fi#ndtied+a-Silayer fopmedoh theisehstrateend a substrat e unl oadi ng chanmber. 50
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the present in-2%ention; Figs. 30A, 30B, 30C, and 30D are sectional views
show ng st eps i Fig. 34 sreghematia ey of nelasTE £VD spRaratysysed ipythe manuferturing nthoi of the present
schemati c®i ew Brentony| asma CVD apparatus used in the manufacturi ng et hod
of the present 5% 32'sa?°ﬁ\P§ﬂt"|°Ur‘?’a¥ff ure-ob a TET whichdg. manyfagiured by (e grethad ofithie pegsgite
of a TFT which F!‘“H%i‘rﬂ‘]ﬁ' different from Hhat shpwn iR BG4}y of t he present invention and
different from Pfdf '%%W"F‘H"\“—'% s@‘f‘"”ﬂ@“@‘ﬁ”% 5““3‘@5?’7"8 frihe Mefg? ofthe present

structure of & TFT which is manufactured by the nethod of the present 9




EP ‘0 476 701 B1 | nvention and different fromthat shown In Fig. 32; Fig. 34
is a sectional view of a structure of i ch is manufactured by t he
nmet hod of the present invention and (Fpta'fﬂe’lr:gor‘t'tmfromthat shown in Fig. 33;
Fig. 35 is a graph showing |-V characteristics of a TFT manufactured by the
nmet hod of the pr¥egionand diffasent fram that showmilmig. 3gnd Fi g. 36 |s a graph showi ng

| -V char act er i sfig-34 isgrsestiqpal yigw ofg-siepture of FT . whigh is -pe'rfeftr%@ngemeth%d of the P"esent
acconpanyi ng dr"a yresent, i nvention wil

fhetshayn in g, 3
expl ai ned._ [A fﬁ? Q%Pgéﬁﬁam‘m Vﬁ'ﬁ"ﬁ?’&& T‘?fﬂ‘&ﬂﬁ?ﬁ"’f“%%tﬁﬂgtw Pfglae prosent inven-

enbodi ment® of t

| |t| |nv cten'tr %%‘ |q,\bew of an
act i ve-mtrix | r%érné S ﬁ%%b I AT

Fig. 7 is a i Rk BEdimen W of one of the TFTs. In Figs. 5 and 6, on a first
substrate,l0l of a transparent I nsul ating material such as glass, TFTs 102

and 15  transpag@Ns thidhightshéi dfrdt brRBAMeAtdRthéE SHEYRRGIVETioR. P 'Mﬁ(anHﬁbfaIEatﬁe-ﬂa%x
are arranged jiqid-éetd ti¥playdevicaniaing TREof RieXpRseri InGentidns s’maenomamm ligidéal
l'ines 104 r urdispisly dekice. FIgVY islh befidnalGidwioPore G tRETHTs.L O 1 e gate el ectrodes of the
TFTs 102 ona r omFigaSiand 6, Hh Sfirstaaisuate N0 1t dnetrnsparént RéuBtihg meleial shéhds gl TRTs 802aand
data signa ItranspsredtPixel lelactrudes)! 08 conhévtad taihdividualdiFTL10R B arranged i makis. iBetwden the pixel
drai n el ect r ebctsoded 108 seaniing signallines 104xiuaiimthelnanadirsctiono connéntio ¢hegataplestioddssf the TFTs
constitut e a 10Fonapawhabis. AlEhbetwder thie pixd! eledtnodas 463, therg are dataysignial lihesr 08 urindng indirectold D,
and TFTs 102 disgctiontocannestito fhietdraincefectnrdesgf thatTF Tsron 2 Goluin Hapis. All hesenampangnt$ eanstitute a
al k_over t he TFT panel. TheipielelepteodegyT03, signg ras 14 and 4%, predESs 100 arefcensrerd with ancoripntatien
el ect rode® 10 Héshat isformed ¢ipvenibe fﬁ}r‘t’t&%ﬁe &91. Qrrositepingtradas, 108 faping thecpixek elacirorgs
the first sutl83§gfoamedon errt%ttaa? 'E g%fﬁc‘“ f{rﬂgubgmegfmgﬁay@@part

107,4n or i efnieeesnd sy Rptjmd s‘t?BtP prea °'ﬁ?f‘f’ Qgs't'bf
the opposi ter?g E ’gg"dsP $ th %9 eg p %%"

are Connegg |nF:ﬂrt a gection IvF ﬁt §1§o e ' eth T le elec-
member 11 @g&%"ﬁgﬁﬂf B)& n &%mmgﬂ&rltﬂg Rfd s| nSulati
filled. 25 g rél on hef é fig di “”jﬁ%
thin-filmtrg zﬁaﬁﬁedoﬂt L@m@!ﬂﬁ fnPnH &Bﬁ b1k,
Si gnal l'ine J.Qéls ras it bidctiStied 116 3hd Fi¥ RAkddabsve &rrna!marn rI8YeM 14 9a8n

i nsulating fink.@silh-Bypb AhptRY-deed alErpitdus &ﬁmﬁ)lbhﬁfcl’c@rﬁ&tl (h&rind¥eer, kdlerfe@ Yohis alBRtact
gat e el ectr olger] 113. The doupdedlebirdad 118l ikddARected 0@ pketblectidde 303Phads 61H tRaRdpEiéAtcOiducting
| ayer 114 f orameslichds ITdThgyblebeldctiods!103 is Panddioh the §dtSinsulatiagstilth 013fsa that onbend@ptheelec-
el ect rode 11 Zrodettd maydvertsp ti@BourcbleRitrode 118 ¢dr slaxhizal cdribectiam tthelshmicbraucar thyer Wity sdurce
bot h edges ofand drain aleatiodesithant 017 atecvpered Wit an/Sitd interiaysOinsulatingfilm 48 Birm¢dovérytpentire
i mpur i t y- efopeepichirovhich thesiats signatiiney 105 arsifamed Tiieatata siges) tine 105 isfoanadah the interlayer insu-
referred to datingfilmdng andcorinegrasitd the drsin elbtirode T threugk h cantacidule 118adorined i the interiayed
to a pixel elinsutating@itn 18T herdatesiangl line 1054 ropasedayith an SiNwtectivadpstlatingfilmid® as | TO
The pi xel el ect Tho@ate sleciroie 112 gndasanning signabling 194-are made|oftitaningm-gonteiring glamigym withati-
one end of t Heniugcagtent oh23%or mersbywejshilp i °‘i"'ﬁ%!‘t e drte eignalliae 105 is@iso madproffjtanium-
el ectrical® cc?ﬂ'?t%@'tq glminum hg&ﬁi"%?ﬂﬂ?&‘t%? 'iyl"tP'g"’s'B"t?rsE'é"’eaﬁ'i'dd &lepfrodes 116
el ectt odes 1%6 L grecomeaspeof Ageety 'é‘ﬁ”\ﬂffﬂmﬁﬁh B RPUAG: YItp the\Pesp-S] ‘?‘i’g'ﬁfté?é’?'ﬂés gundlinn

118 forned oveér %Q‘ﬁng?ﬁa'blre tﬁe rln?]néﬁ%w%g rr{eﬂtf%g tl?eghutt P lﬁt&ﬁérs@n%llgt k:e cliels%& 105

are formed. The nal ter yer 1 nsu-
lating filgn 118 and connected to the drain electrode 117 through a cont act
hole 118a forned in the interlayer insulating film 118. The data si gnal
line 105 is covered with an SiN protective insulating film 119. The gate

el ectrode 112 and scanning signal |line 104 are nade of titanium containi ng
alumnumwi th a ti- taniunctontentof 2.2% ornore byweight. Inthis
enbodi mensa the data signal line 105 is al so nadeof titanium 40

containing alumnumw th a titaniumcontent of 2.2%or nore by weight. The
source and drain electrodes 116 and 117 are conposed of a netal that has a
good ohmc contact with the [err]-a-Si contact |ayer 115, such as Cr.
Referring to Table 2, the manufacturing nethod of the thin-filmtransistor
will now #e described. 45 50 55 10 EP 0 476 701 B1 cO) (@) O~~ O
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{Step 11

First, on the glass substrate 101, a gate metal film is formed out of titanium-containing aluminum with a

titanium content of 2.2% or more by weight in the temperature range of 100 to 200°C, using an evaporation or
spattering apparatus. The gate metal film is patterned so as to form the gate electrode 1 12 and scanning signal

line 104.
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EP D 476' 701 BL [Step 2] Then, on the substrate 101, an SiNfilmis forned
in the tenperature range of 250 to 279.{ Hebﬁ] th the RF di schargi ng power
density range of 60 to 100 nW/[err], UsIng e plasma CVD apparatus, to
produce the gate 5 i nsul ati ng f|Im113 [Step 3] Next, on the gate
insulating filPRPESI N fil n) 113 an a S| (armrphous Sili con) | ayer is forrred
out of hydro- 10 genate he sem conductor |ayer 114 a

tenperature o It “tﬁ%‘tﬁ'&tﬁ?eﬁf"l]:&"' stNH I@'ﬂ?%iﬁgg@@e Angg ah S0 19 270°% BtthRF

40 to 50 mW ! ’9 Lrapge.otehio ROBWIHE s LARRLFUSL RPN the gale
| ayer 1Is forn‘B’iﬂ' 50[err] Cis thata higherfilmformng tenperature
reduces the t’k en content in the a-Si |ayer, degrading the sem conductor
characterlstlcs [Step 41 Next, on the a-Si layer, an [err]-a-Si |ayer
is formed as thpeg Qsmh% te w@Mﬁfng i‘ili‘rﬁsM'?ﬁL%rné Ql’?aéw&cuﬂﬂlﬂﬂ?er%?ortngd)ﬁoffh%ro-
the a-Si | gyegdenktsd ;-Sl (H:B 1) a8 18 QerhiSdhBiGeioR 85 RF discha
di schargi ng st ofﬁ@t%@mﬂﬁcnﬁ@sihﬁh E]a SA/CVBTappardtssl THI rdaBdh whly &2 ESI

appar at us. 20rdmab *mnhate RighePim{fétning teperhture AddBdes the hydRIgbricantan f tHladdi rayer,
metal film ofdegifamﬁgmxeamwom“cﬂmmaerﬁmned in the tenperature range of 100
to 200[err]C, using the evaporation or spattering apparatus. After this,
the sourcesanstedsi n netal 25 film and the underlying [err]-a-Si Iayer
and a-Si layer are patterned so as to forma sem conductor |ayer 114 and
t hen the sour ceNexicndhem-Silayertanin™§-Bi layecis rmiedras the gor@ict layey 6 undepthe samercandiigns as
i nto a sour cethesador the aiSHaysr @ im-fotning temperaturpchf abpyt 25¢°Giindhe I disgargipgpowergensity range
tragsparent ceAYRER MWCnF). peing the pissmASVRAPPRTELISf i | m to serve as the pixel :
el ectrode 103, is forned in the tenperature range of 100 to 200[err]C
usi ngﬁ{ t he eva@GPé}tl ng or spatter| ng appar at us. Then the [ TOfilmi s

n

patteérned to pr?duce a%gf(yer, el ectrode 103” ,atus ,Sﬁs;gthe::u O%ﬁe
AR e

t he source eIec
%ﬁ&‘

I nterlayer °

fromthe cfat 12

gate |nsulat|ﬁ fpa: ormng enpera ure rangeo
270[err]C wit di schargi ng power density range of 60 to 100 nW[err]
40 using thegppgsma apparatus. Followi ng this, the contact hole 118a
reachi ng tshe dra| n electrode 117 is made In the interl ayer insulating film
118. [Step 8] 4Next,atranspaRRt.cofdOStN@IRT SAEH aR)AR ITO Tkl tdeive @6 inb Pikel didctrode 18,34 formed in
I Nt er connect i etefPérature frangofi 196 ©B20000, Wing e evadporating ot spaNtering Eppartting) Tasn,thb MO Tilm is
with a titanipatermedtb protuce the Pixal Wectrodsnii3@nddf whese@tdes bveriagsehe sourpesiactrodect16.ange
of 100 to 200[err]C, using the evaporating or spattering apparatus. After
this, the sraSmpitht erconnection netal filmis patterned to produce the data
signal line 105 connected to the drain electrode 117 at the contact hole 11
8a. 50 [Step 9 Nextan SiN film is &irrpd s theyintaslayes inprialingim 11§3has inalates e scanaing signalfige 104
film119 in tin theﬁmwmawm% r g sapsgopdiions7asdiose for t'te aﬁemﬂﬂaﬂm s ghedign-

power densi t yformingden “’6?)’3'196“ to ZTAPE with the Rfdisq 'Q"WGP‘?? e@#ﬁ)ﬁ em?,
Thi 5 conpl®t eing H‘)(‘y %F““@Pﬁ“"m 1133 veaching the drajg. 117 is made
traﬁ?i‘stor t'ﬂg’eé’ﬁ‘?’éyeéfné‘ﬁ"?% B11%> and scanning signal line 104, which are

for med bef_ore tegglnf ormation of the gate insulating film 113, are nade of
titani umcont[a g alum numinstead of pure Alerr]. The resistivity of the

titani um cgntai &Engo.ﬁtamr ns.ﬁatngt.wnmd & h R Rbn eli3R mbtiFim 1 formd o8 oftltdtiufnlcon-
but much | owegny amnimmﬁ.a ﬁnwﬁn 95% of thord { idthe BRipbratl righ 10018 26376,
such as Cr, Tysifghhe\Ra &ﬂ'gg HSpBrafls. ﬁtft@ﬁhi& 'tﬁead?élebroér%ectlon frstal Pinti€ Battbbhbd Bl

cont ai ni ng al seauteHRd éiési nbﬁmetos :tnedanomaamlnmwemtaemomﬁa:tnuagma
characteristics of the thin-filmtransistor. Further, use of

titani um cent@tepiong al um num forthe gate el ectrode 112 and scanni ng si gnal
line 104 allows |ess rough filmsurfaces during filmformation and a
subsequent heat NextsatSiNfin idforvmd sea protedtineinadatiag film d 19 in fhe Tamperdlomirarige pE250 1270°C
sel ecti ng t hewith thexRF discharging pawer dehsity mange oft6Q it 19hmWeroZavsing the nlgswa W apparatus. This
accor di ng to edmplefep thenthirgfilm treqsistor-ng t enperature of the gate insulating film

113 for med® af t ein thip thinfiim transiston “@fg‘“@ mlectipde d12@pdecpnningsigna] ine4a4) which are formed before
the formation of the gate insulating film 113, are made of titanium-containing aluminum instead of pure A¢,

The resistivity of the titanium-containing aluminum is a little higher than that of pure Af, but much lower than
those of conventionally used high melting point metals such as Cr, T, or Mo. Therefore, use of the titanium-

12



scanni ng' signal line 104, hillocks will not appear in the surfaces of the
gate el ectrode 112 and scanni ng Si gnakp“ﬁ 1’LQ4 (titanium containing
alum nun) during the formation of the gate |nsul ating film113. Fig. 8
shows the relationship between the titani um contentof titaniumcontaining

al umi num and ¢eatgining plwnipum fopthe d?”é'ﬁ‘f?éﬁﬂt'ﬂ?’é@ tﬂ&°"ﬁﬁ$"¥5ﬁ"?ﬁ%"ﬁ@k§’ t’!“a‘ll‘@‘f':p'l faeeest?rn
the titanium coﬁt“'HPht‘ %’“&”HWH‘[‘H?'T%‘%‘““WP’WP ate gle 11793(‘3?&5[“&“93‘_903' 6?4‘5”5
titani um cont! ?'(I%”HQ) Hg @ PH’W?'W@J"‘?‘W%W , "@%"B;P‘éég'?q of
hill ocks a pe “m; ‘ﬁ’El 4 i F";g? ! , te ng(fe:!:%:m-
tFrrper at ur nal ne1 dctlswul[ g‘ e%%rfaoes ﬁlﬁz ngﬁﬁ mrégdmﬁg
al u- m num \M'Fﬁf‘ ﬁwﬂ la y
heat treatment g S ralstio Jh b9¢ wmuﬁt Gitbritink Edntain 9: .Fu rﬁmfﬂe&t}é’&
hillocks appeggntte at whitH hil h‘(@ﬂéddmm%ﬁh-%ﬁwm@a\h%ﬂﬁ’t AMMnlFy. & for example,
titani um cent@rl i méma’ufe. Ry aldifidueh With a BBnitth tdnfRt6P2.5% RBRighDYo Hikals at;ree.a,t,mtre@t
370[ err] C or héntar270%esk lopbr, BubifiéMpBlatined highér 8RR khat Billockd dpPed. Foi a titdhint-@flkiRing alu-
appear. | n Fi ginuSwith 4 anftcdfeht BIB0% ) weightthohfo8S appaar by et frdbitrhént &t S20°0 Br INVAR, b6t
it is difficustteniperafifos higher tafthaf NdcK appear Earther, foPdiaiitecontiniig allmindnSwithAtitanium
not ed above, ¢dilntef £26H0Might, naliilibelks appeadby hedt trextrient @ 3702C ofiavet, biittterhpeeatirestigher
t he tit animsm tharthat, hillocks agpear: In Rig. 8, the $hatie pdrtipreindiaates an indefiniteirégion where it s diffiok todé-
the titani um eamvtethapresgnealocabsencersihilibde.and t he heat treatnent tenperature

(the fil mform Agnatedgbeveathe presenca or absenagaf hillocksaftbrinedt trgatmpit of thel aniunp@ntaining alu-

Fig. 9 shows hipun film depastissonthaditanjymeortent pfithe titapiut contaiping mu"tﬂm gfskthe heat treatment
titi@ni um cont tampars ﬁhﬁmmmotemmmtvm&ﬁtmﬁ ale gylating flen 13y | n film113 is

formed In% he t E aws how hPleﬁ'fg@kqﬂaczsftrr P‘?S‘“ o} ¢f "et‘ﬁg'“']"ﬁ° 9&[5‘5‘1?&"‘ film, ‘""°"
enbodi nent  Whiiip 9ais insulafing fi F‘ét'%fa"'}?éf"é" V"t‘ﬁ@"‘f'
surf &ee stat e‘Q’hﬂf’t" ‘”St lﬁ# 3 ne e : mt e

al um num fil ”&g ralzeon Webg?:aum;n%eg ! r%i
250 to 2702Ler in n%ﬂﬁgmmu %Ev e% Q?p &YU;}HE? m n"%P

on whi ch a pug, é JI “m Jum m&}s
been formed w &ﬁi&ﬁt E@é&ﬂ&& iél biHabdae
for mati on of 4géaiun feat*ﬁaﬁﬁ‘am @tﬂ%&i& ﬁsw ; m&im Fiubnun.
al um num fi | Myopaining Bidihdnd i Wiia fshiinfdhtent ad %@m,ttﬁﬁhrh yurfa&uﬁb muéh 1685 rough than

surfaces eayennadd @5 Burb BidhibUninBU0H feiv MIbdRSa Ware ofsarved i BhtFakiof #RgHum-chiaininh BIG-
hi | | ocks at oapp@Rfikwith Biitgilunt @htent of 20y wielgR the ilin sii B vits Bimdg sMbdtana HemilidciksWere
w th a titani ehsereesat SMMhishibidsltrud f6r fitsnivieiopiaining altiaindn filAs with i tidGiem CERNISEZ 1% ard 58%
rough than 30by vdight. it @ks fodind thatithe mérs titahiam the iaiuimuim Eilat costaihs te lsmbdtime the filtn sieface be-
observed. In emesrast, for. a titaniumcontaining alu- mnumfilmwth a

titani um c¥nt entSingd in the 2fbdsiimentzthg bate insulating filh 1 3dsforimed i thedempatatiosrangsetiS0 ke AKE
no hill ocks wesnddhedatocptopteade 412:anfl scammiigsignal lingst 04 prg anafiexf titapiurricentainingratuginkinwih a ti-
al um nunf i | mstapim pententdf 2.2% oumarekyyeight liifocks dp aptiake piace@bthe,suriages gifhe gate elggtcode 112
found that t henhdgeanaing signaldine;104 dyriag fermation i the pete insulatipg ilp A1 TW%M%@UM@*
fil m surface 9¢is from appearing in the gate "SP'HE’B f'f"‘h“?HE‘“éﬁBB‘H’I"l‘P@h?ﬁe’ "ﬂ p.of the gate '"s“'

i nsul ati ng®f i \lig 'I’B" cthe "Ft?f' ﬁgﬁ %TF F -Zozthdme;?;o
2’% ﬁmﬁfﬁﬂ dhe, Iy 118,30
the te el ec ; %ﬂ? H,%%e,gﬁ?

titanium COI’lt

°C and the interla

n ulat| nd rotect em Te ratu %9fr25 29
wei ght, hill o ?at %ﬁ%‘faﬁa il Ej« & sur-
112 and Scﬁnn*agéloﬁ'hg el c't and ﬂéﬂl ]id4gpt |m ?onq fﬂoée'ﬁ a I ng
film113. This 5. -aqaaflﬁ mn difiremifilnith @ BIRRG bdnGint ofi2. b6y vibiRhe
insulating fi hé@aﬂtﬂogt nolrél ﬁrﬂ& lﬁﬂ‘ﬁﬂﬂiiﬁﬁ%ean@ﬁ&lﬁfocl&hﬂreff&fnﬁ&tallCFBrtﬁl reaft, t@afiuth-con-
insu- 40 | at {alnfig Elhhmmlfgl&s witNStitsin RBAILEL. X of Myreby weithSire LuPeRAtfor hask tréatent in
contact | ayer thé epipbratudr-rivige loB250 t) 27D4C5 Inthecerfibotiment, holveler, for saiatgls &ike, ti@ium-containing
formati on ®f &hsindndles WitkaGtanilh Sonteatof 2296 drimoraibd Wéighweéte (e d Thetitdnium-dortainihgdlumigm
film 119 (bot fimmasiebetter sarfackisthle hitdrhdat tréditmentast ifs dtasiam tantenncedasess| Siyee an hdrdasa mdhe
cont act| ayer tifunacosteitisadstolthe ineroase bf thkrsBtapeaif the dtaniurb-gontaining mluminenfila it is desirablem
118 and pr ot etimakeths tigniimedontan) af lithens pdsoiblas Toe filowforming tamperatoretobthpaatedtaylatingfim 18,
of 250 to 270nterlayecinsulating fiira 8, and protective insulating;filmi{ 2t maytbe iowprdhani2RREC diowever, the sem-
i nsul ati ng®f i lcpRdyctay iaver 114da formed at plhout 25¢ 4o Ahging@podisampieondycips ehampterstigs agd g film gusility,
faces of the 5%‘9@"@&@8?‘%@@’ 12 nd seepniog signal in 1°§a pte *Pﬁ@"%?cé’t""‘tgfffﬁmﬂ°!‘rﬁf“lﬁ
f ormi ng t hose®qMiqopguctoniaye ﬂ'ﬁ "’g?fs, @’tﬁ‘?%‘ﬁmsﬁ"ﬁ'“it 'g‘ a“‘é“?l % mpgrature
al umi num fi | niowprthan 25¢°F+ BmpEATEr o ot g iRl cgant of s“P"'ﬂ'H"g a' inum
roughness in the filmsurface and no hill agks were found at all. For this
reason, titaniumcon- taining alumnumfilns wth a titanium content of
2.0%or nore by weight are sufficient for heat treatnent in the tenperature
range of 250 to 270[err]C. In the enbodiment, however, for safety's sake,

titaniumcontaining 50 alumnumfilns with a titaniumcontent of 2.2% or
nor e byvvel ghtwere used The tltanl um cont a| n| ng aI um numf| I m has a better



EP O 476'701 Bl fil m for the gate electrode 112 and scanning signal |ine
104 to a value at which heating to ab&%ﬂ%w&poes not cause hillocks. To
achieve this, in the enbodi nent, tltani um contai ning al um numfilms with a

titaniumcon- tent of 2.2%or nore by ht were used and t he gat
i nsul ating fiffimforts 93‘? pleitode, {12 ang ‘I‘fg'lﬁ‘l"af'ﬂ ""Pl"%"Pﬂﬂ”" %WEI" 6'!"@&4"9%?25”0“33

i nsul ati ng f|‘I°Fﬁ°_“LT§' “VI‘é‘F 0 pehleyaibys. inihg embodin é’IaQ con-
equal or 5|| weigt %ﬁn fhe ti fnlnlg su Im Fil’I 18, anec:
seni conduc or "I“% Ié‘:r"?_ mg e‘{mreof'g‘ scﬁqé'?gc’l' gy disks

density i<’ cofit Ii‘.%,,“ %‘“z& &tgxea.mhégumtﬂbowmz
ilm-forming

filmto servem% tos Dodiled
appar at us, &W ‘H}G@ tﬁa’"‘tiné1 9nultl3 é)su?f Q ly high
al | ows the gag,gakamq@éngfl m1ll aveasuf|C|ent y hlgh br eakdown

voltage. 1p [A second enbodl ment | V\hen the gate insulating filmis nmade of
a stacked filp@eeanpdnbbdimengof a plurality of insulating filnms of dif- ferent
materials, such as a stacked filmof an SINfilmand a TaJerr] (tantalum -
oxide) fi I m t hhepthe gdtéiRsikabing fivg is himde 6fial shackaa FilmbDedngisting o alusalitly bf insulatirigl fijmeof die
br eakdown vol feregtandyialé,audhias g stalied G of an Siiflira tndegTaby (tantalum dxide) filne Wiecgatetinsuleting
range as |#®w fim maphe ghen 2 slfificiontly Highkreakdows witagedly fafmind theogateringulating filpviethe beneraturp,
Fig. 10 and Taigeas Bwas 860rte 7atCwithtap ingregsed A dischatgind powendengify. t he present

i nvention. 20 26ig30 ag&Tahig 348 rejgtedss a sepond entbpdiment pi3hepmesent invention. 5
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(5 4 W = gspd-|jg 8|7 [i7 lei_L 0 |AsA showne|i 4 Fi g
10, In this enbdgdi e t,claft:he gate ihsul ating| felml1l20fis corrpo::e&%f a

t hiee-1 ayer fil cgn ig%gng off a Ipwer |gate]insylatipg fill m 120% wpde of
SIN, a m&ile gdate i psalafing|filn 1208 made of |TaQ krr],] and aﬁﬂzper gate
i nsyl ating fil m@Exzocymadeof TEST ryutat g fitmsT12604; 125b,
120c>ere formed 28oy 06240[ ert] @i th fhe
RF di schar gi ne Jove bR Slusi nb @ pl asma
CVD appar gf use Theg erfblpi et Shat e
arrangenent as thad & ptis Bhak B|he? gat B BIn<Al 4t i ng
film120 is af hred Bl sbdl t2opediR tde
first enbodi nent a% erfB c acgets d Bheir
expl anations wl| & ter b, @t e @ nj e Ay

i nsyl-atinge fil miEds H-HE—are—Fotred—urdeq t he
same conditions jas those fo filps 13048 120b,| a@d|120c
(the fil mtenperfaturé wi t hi t he |RR3 di schar ging
power density range of e 3listy V&

condi tions conc f a {hgn-

transi st os&accor di ng- fig Bt Lan

manufactured In [thgf r¥ g of t

101, a gate net + COHI akni

10 titaniumco nq;gé Perfp

100 to 200C, usijng & € of% a;pgar-gu

filmis p4tterne g sgar

104.>{ Step 2] 1§ The ivN | i bam

t enperature range of [250 fo Z dr Echar

range of 120 to [130 ey re¢ Drappawat

| ower gatgsinsullati kI 220a.8 2 Xtge pngt b

insulating filmf{l2@a, agfern] &1 egps

100 .to 200[ err] G—usilng- spattet] ol

gate insulating film2120b. 25 [Step 4] Then, on the mddle gate insul ating
film2120b, an SINfilmls forned in the tenperature range of 250 to
270[err]Csaith the RF di scharging power density range of 120 to 130
MmNV [err] using the plasma CVD apparatus, to produce the upper gate
i nsul ating fil nkdshoen inF®. 1%indhis Bhbodiment, the gate insulating film 120 is composed of a three-layer film
consisting of a lower gate insulating film 120a made of SiN, a middle gate insulating film 120b made of TaO,,
and an upper gate insulating film 120c made of SiN. These gate insulating films 120a, 120b, 120¢ are formed
85  inthe temperature range of 250 to 270°C with the RF discharging power density range of 120 to 130 mW/emz,
using the plasma CVD apparatus. The thin-film transistor of this embodiment has the same arrangement as
that of the first embodiment except that the gate insulating film 120 is a three-layer film, so that the same parts
as those in the first embodiment are indicated by the same reference characters and their explanations will

15



Next, ort the gate insulating film(SiNfilm 120, an a-SI (anorphous
silicon) layer i's fornmed out of hydroéptgmgb{e% a-Si (a-Si:H) as the

sem conductor |ayer 114 at a tenperature of about 250[err]C with the RF

di scharge 35 power density range of 40 to 50 nmWcn®, usi ng the plasma CVD
apparatus. | pitigq. Hega,the interjaver ingulatingSilm i1 and protegiive insulating filmy 19 arg {pamediunder e $ame
as the cont aciordiipnsss thoss for the gate nprlating;fiws 1208 {i20h. 8R120c (the iim-femperature sange §f250 to

a-Si layer (27P19%hieRh %W@W gpg% to vgwﬂgéa ie,3 Jafp.yatigus conditions
di schar gi ningdednap ethd ol adhig-JimsansiRiRy pesprne o e em gt BreuimEh
a:o;gr g{ gls.ng[ggg%fsﬂan Betu di"'ﬁf WNISIPEhe [err] -g-?iri%l ayer, a sou-?]ce and

drai n netal f[%le%f’ for exanple, Cr, is forned at a tenperature in the
range of 100 to O[err]C, using the evaporation or spattering device.

After this, thersphaR oRbdsublidieroilalgale melal fh A 6tmbd6ut SRR L cbMAning didridufiwith 2
| ayer and 13- SitaruitV@htert o2 Bpbrnhd By he Rt ifihe loipdrRtuilrdhgs S1Y0S Q20046 ding X porktioh

and then the ggpsiteihg3pparatlisahe gaiB mdtal flirh ls/Phtedbd kd¥orm thedgall eldcfot8 1 125dnd ssafAY sinld
into a sourceginghgh. drain el ectrodes 116 and 117. 50 [Step 8] Next, a

transparent conductive film such as an ITOfilm to serve as the pixel

el ectrode 103stepg] forned at the tenperature in the range of 100 to

200[ err] Cssusi ng the evaporating or spattering apparatus. Then, the | TO 55
filmis patterngkkntan tipr subistae 10hen PiNibh is édrmaed in thel temiberatusrange bf 260 p220°Ciifh the RF
over | aps t he dissharging powerdensityrenge 9fd 20 to 130FW/IEMA IR the plashia QVBiapparatys, thjerrduce thelo@prN
filmis fornmeghtedrsulating finm129e.] ayer insulating film 118 that insulates the
scqnping signal |line 105 fromthe data signal |ine 104 under the sane

condi ti on®® adStAdke for the gate insulating filns 120a and 120c 5 (the
filmformng tepperature range of 250 to 27Qlerr]C with the RF dischargin
povwer=density Y 8"%‘1"?‘!?@“? s"l’?@g;g‘i?\?io@ﬁ%o"? " *Wf’;ﬁﬁ'{’ﬁﬁﬂ’%e&%ﬁ@?g@é.
Fol | owi ng t hi €"9¢R&ralisrie aprargiys, 1@ Prpques the middje gl inspiating fi 8lec- trode 117 is
made in the h@&ﬁ“{ ayer insulating film118. [Step 10] 10 Then, on the
interlayer insufating film2118, a drain interconnection nmetal film is
formed out of 't *rmmmmﬁ&waﬂ Rdufbting Y TobULH SHy Fih 18 folrhdd i thé BinG GBS Mng @5 280 B0
or nmore by WejgiHwine k%%é&&dﬂ&&silﬁavhb@ﬂé%gﬁ) Joshd) Gsirlg@e iaing EVD Spparatus,

using the eva,gg{oaﬁobngu?‘;ergm fing i a4dRAr at us. After this, the drain
i nterconnggtion netal filmis pat- terned to produce the data signal |ine

105 connect edstepst he drain el ectrode 117 through contact hole 118a. 15
[Step 11] Next, an SiNfilmis forned as the protective insulating film 119
in the tenperat tee, anzhegatednsaéting Gith (i filEn)ARE an £-Si (andrphous ailichty lagler ssCfbranedjout of hydro-
power densi t ygensiedyeSi¢é-Sit) @s the sehf@ndvethi iayer 114 et tergpetahire ¢f labeih260T0iith S Rkrdischasge
This 20 @@nphaweedensity gangdaf A0 foi5P mW/ami using the plasniXVDSippargus. n t he enbodi nent
the gate insulating filns 120a and 120c, interlayer insulating film 118,
and pro- tectiSte6l nsulating film 119 are fornmed in the tenperature ranging
of 250 to 270[err]C, the gate electrode 112 and scanni ng signal |line 104

R e S e
) b .I' = T U | I er.agnsity range
2{)@“ r‘gd of VE“?E&@%-’W%VQY"&H%%%W& ¥ F?Pﬁegféﬂs‘ a 25 lower SiN gate |

i nsul ating fi':sg}’ Oa, mddle Taerr] gate insulating film 120b, and upper
SiN gate insulating film120c, the mddle gate insulating film 120b being a

close insykati ngpdy fﬁ*@%% S d33E'and drlilirhided il W9, FekaihpleQ s,  Formed e b Senfpbritu

even if the Uiﬁﬂﬁrrana@'g‘: W&«é‘%&:ﬁgm oftibl i s a’ttL deviz0 Peterthil) re@bifce'd Dyt avred
| ow br eakdowngpm@hd HEEH fa-SitgBr Ap@E 5l 14Y81 kR Palterhdiab 8518 Rrfh Snficohdtio®@f 15ar 2% and
250 0270[ er 1] e thisdule affuirslh MHEtATNG hridG-RSV1BYerl 88 Sépaditell MR solce dntdh electrodes 116

130mW [ err] t handt4ot.al breakdownvol t age of thethree-layerfil mconposed of
thegate imsulating films 30 120a, 120b, and 120c is sufficiently high. [A
third enbodi nikpp] While in the first and second enbodi nents, the gate
Insulating film112 or 120, interlayer insulating film35 118, and
prot ecti ve i nsulNaxtiatgpnsparent cordyctive tifnosupheas ap TG fiire, to seryo@s the pikeb elpcirodac103:fis 2H©d 8o
270[ err] C, thibg merbfefefi'bﬂhﬂwgqqiﬁmmﬂ”%mim the pysporeting pispatieriug-appsratgs Jhenethe ITO
3700C. Talffe fim|i§patternedip praduse the Akel eleeitede 138 9nef Wherg edgea overipnsthecsoyred eirgiradedifis
for a third enbodi nent of the present invention. In this enbodi nent, the
gate insulating filmis fornmed in the tenperature range of 350 to
370[err] C. 40 45
: 16



50 55 17* EP 0 476 701 Bl C w o o C G

O L) *-L IU a9 (f e e 0 OL O 0
5 o 0 0 5 ESo 57% 76181 © eq MON N
04 Cq (n 44W I I I I I I
| 10 O lStep@l 40) 4 0 0 0 0 0 CLO
s . 0 weo N 0 | f) HE (4 0
-4 r4 (\Iext anS fonaed as the interlayer insulatmqftllmﬂﬁ that insulates the scanning signal line 105
A O from the data 8 nal lme 104 under the same conditions asyl he gate insulating films 120a and 120c
"' Ca) ~~~T - 5 (t -forming temperature range of 250 to 270°C with th 'E |scharging power density range of 120 to
~~~~~~~~~ Icmz) using the plasma CVD apparatus. Following this, the contact hole 117a reaching thg dl&ln elec-
17 Islm tﬁe interlayer insulating film 118. 7 15
Ito 4-1 eV Ul t U r 4- -4 a - 0)
“r4l G, [s'*’?’”] HO!J C:50 +)da H CD 0
C) H Then, on the Inérlé}’ér rHulatIr@Trlm 118, a drain interconnection meth| filr’;\; is formed out of titanium-
H - dchtdining dlinifuniwith a titanim content of 2.2% or more bylwﬁn at Qte H,mperature in the range of 100
0 u 0 Qo 2¥83°2 vsingthe evaporatinh or spattering apparatus. After this the drain interconnection metal film is pat-
9:1 *C X Brnbbto prdhuce tA8/dGla signal line 105cofinected to the drain electrode 117 through contact hold-ABa.
OPk o 15 0 01 0 XAX'" A a) 2
t ) > [Step #1] > HO) HO) > H O H L-b .43 4 0C C
4. 14 4 43 4) ~ 4-3.4.1 25 .0 040 10 4)
04. 0 Next, an SiN filu ﬁfo)@d@s the pmatdétive ins_datm film 113 in the teraperati@e rangirig{250 & 270°80
0 La o with tile RFE discharging power deggity range of 1200 (30 mW/Bm?2, usir@ the pladma\ CVD agplaratus. This
0 230  gomgiptes thg thin-film@ransftor 10260 to 0l 1M PO 0o 04
0 HO, X Singg in thpiembodjment, the gate insulating films 120a and, 120¢, interlayer insulatingfiin118, and pya-
| Kkl k,/ ' tectivklnsulating filre 41959@ formed in the temperature ranging of 250 to 270°C, the gate electrode 112 and
P E~~ scanning signalline 104 may be made of titanium-containing aluminum with a titaniym nt of 2.2% or more
a) by weight. In the em| %l t, the gate insulati fl§% 120 is composed of a th -layer film consisting of a
g g% Wer ﬁ,‘N qate insulatjng fi 120a g\iddle T q, gpte sul fulm 120b, and upper SiN gate msukun%?lm
ut e middle gate insulatin aclose Ins made ofa hig Zr o‘D's.ulatmg
: erefore, n if the upper an i ulatin films 120a 0c are break Xolteg
alJ E) 4OJ ic;h ave | 43 thete eratu I 270°c hthe RF dls ing power deysity ra
04) . |l 0 P 5 130 pf 2 , the fotal breakdown 9 etI'lIee-Iayerfll mposed ;Eth%%te in a?r] fi
Uyl 1% g 1201;' 120b ahd 120cis sufficlent hlgh a
I 14 L HH Ca4 Ca .4. 'C
02 [A tHIr}t 3mﬁbd.menq 014 ) 4H
O H Jka H U 0 U.-I H- LaH Ca a)H4 40
) 4) 2r " 4 Whilelip the fitstérld secofid embodiméits, 4k gatelilisulating filfh) 112 4124, interlayer indudating fiim
Ca Z5/ 118, and protective insulafing film 119 are fdrnfed in the terfib@rature ringe of250 to 210°C, they mayttie formed
Ca La intHediglids temperature range of 350 to 370°C. 04 0. C 04
0 0. (Table 4 lists v@ious conditions concerning the manufacturing steps for a third embodiment of the present
invention. In this embodiment, the gate insulating film is formed in the temperature range of 350 to 370°C.
, 40
-
45
50

55
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W+ 0* 14) a) 4) 4) 4) 4) 0) E-e 4)

4) 4-) - 4)4 . S 4) 4) Ep ¢'475 70181 50 The thin-film
transi stor of this enbodi mrent has the sanme arrangenent as that of the first
enbodi mrent of Fig. 7, so that Its explanation will be omtted. Wen the
gate insulating film ips—fort gt ot enperattat ttre—rergeof 350 to

370[err]C as in this ¢emiBdagrs 8 ekecl redel apd bage | o

i nterconnections nay He -gle :0of |t i2] cogf al ngng a&u ngm '%h a

titani um content of 4.2‘53 ore by ' %e eptp B @ Bl) The fthin-film
a“.’; geI

transi stor®is manufactlu hel stiepp deskr itbel wa The sane

films as those in 55 | k@] BafeQ abpdSDy|t B kale | eBerfnBe

characters. EP 0 496 1@l BY [[StYp 3] Bfrst.|or theTglpss spubStrjate 101,
a gate netal filmis florm&q out {of (ti€fan®im coptainfng aj umi numwigh a
titani umgpntent of 4.f29%0 D gny 1Tn fne tgnper argcﬁ;§ range of 100
to 200[err]C, using tHe evapo ionf 6 of spatteripg apparauls. e gate
metal filmis patterndd t® fcﬁ"@thé gate ¢lectfode 112 andgéganni ng si gnal
line 104. [Step 2] 10| <o |Thgnp,| on t ;Jbstrgte 1p1, ah EMfilmis
formed in the tenperatjur el farg® of 13501 t@I370[ er i C Wit hi t {30 i schar gi ng
power denssty range of] 1 t a2 #30 lg r!?],t.us ng t he: | Bs Vg appar at us,
to produce the gateirsul%\ti Bli 1N 14B.+'The ghte’ | psul af i @g=zfi Fm{L13 Is
close in quality and ilts Brledfdgwn is suffigient y‘.‘mqgh befause it
is formed in the high |tenpdaragile r to 3f 1B <l5 [ptep 3]
Nex:b. on the gate insylatirg fil{m ( (anpr phols
silicon) |#Ayer is forned oyt of [Nydfo- K: R :I-él) hS T hE

sem ¢conductor |ayer 114 at |a d“:a:%per tu b ]© oh the| RF

di schar ge power dengi tly E’angegcﬁ 4 i ng tdm& pl aspjra CVD
apparatus. 20 [ Stepg4] , B a3 Iae* is
formed as fhe contagt Il ajed) H3jurtd 5 dsHihdselfor the
a-Si layer™(a fil mworme tenmrag irg e%?F

di schar gi ng power d%'nsité an 25 usumy tihelpl asm
CVD apparatus. [Step THeh, Son t8 sdlir efanﬂ drain
metal filmof, for examphke,| A, li s™fo uf® 0™ range of
100 {t 9 200ferr] C, using thef evagoralio seyice. |Afgef this,
the source and drain ngetal ffilm a_gd t ]-a-Si ISwyer and
a-Si layerare patterned soas 0 |f oBmM &]seri Ay er 11 q;,nd t hen the
source and drain netal{filn aRd [e‘?‘*] - Sif | ayd parated =nt® source
and drain el ectrodes 1/16 §nd 317 EBt®H 6]] 35 Nexd, |a rdnspale
conductingssfilm such ps gnl 18O ff ifim Hio Mergdilasht he Hi xelyeljedr ¢de 103,
is formed in the tenpefatyre Han e'_ngH:-OqgtoﬂgO[ rnl G, ysifhg it

evaporating or spatter|ngeapparaf us '&)em-; taa|l fli Ignisjgattgned to
produce the pixel elecfrofie onB| oB{whdse &lge? qvediglpszt He Balr ce

el ectrode 116. 40 [Step 21| Nl 2p SIN QI nSdHs éhd iQERr | ayer

i nsulating®ilm 118 thht inpuBa¥ps8|he al M nq;,'194'gf"trm t he
dat a“si gnal |ine 105, ﬁnder tfBe paft & hgde {f ¢ tlhef!gdte
insulating film113 (thefitm fhrming angetof -3940t
370[err]C with the RF fli schhrginp w%f e of |120 tjo 13Q 45
mNcnferr]), using the pl asfra”ovp Appar ce. Hol ov#n tihi s, the
contact hole 118a reachi nﬁ; h@‘d'a eﬂ“ S 8'ace thg‘
interlayer insulating {il§ qu; Step +f ﬁheln,",;’,on tHe |l iper{l ayer
insulating film 118, atdrain.int i mls—formpd—dut of

titaniumcon- taining alumnumwth a titani umcontent of 4.2% or nore by
wei ght, insthe temykin-timtrassistarottbis efbolb@nithes theeqmerarprgement psfhatofthe fgﬁégﬁ?‘*g{'ﬁ"ﬁgj
or spattering Rigppao thatits expdnation Wil omitteds Whepy the gpte ipgulating Sifemia formes st big m‘rﬁpﬁfﬁ |
i s patterned tthe jpngeci5e ta 376°Ccrindhis erohediment; thegatepipcireda qad qatenten '2??3”13 Y pe made
el ectrode 117 ctfﬁfﬁni\u'gwmsqlﬂﬂ'tf‘mW“ﬂﬂ)‘!@"*ﬂ%&‘?m&?ﬁ'zé%@t"@g ;ﬂ;" e 'tar'?.?msa'Nst iLm
is formed as a prestaiefimtensistarinmanufaciured. foliqwingdhe steps dpscrbeq islew, the same TS as figs
350 to 370P%r rfE7aretngicangbythe spme referonse Hf88®er density range of 120 to 130

mMNV[err] using the plasma CVD apparatus. This 19 '

18



EP 0 476*701 Bl conpl etes the thin- f|Imtransrstor 102. Wth this

enmbodi nent, sincé the gate el ectrode ?clannr ng signal |ine 104,

whi ch have been fornmed before the fornatlon of the gate insulating film
113, have been_nade of titaniumcontaining alum numinstead of pure

al um num the %ﬂ’eﬂatr ng character| stics of the t hi n- f| I mtransr stor can be

i mproved. Furth od ate e rode

scanni ng si gn% eﬁ %;v su:rs rge iﬁ% mulg-db a m num with a
ti tani um cg t%P A §leg%dé1]gl%§ f?ﬁﬁr
surfaces o Fe te € ectro ann| ng srgn I'I'ne

shows the results of measuri ng the f| I m surfaces after a pure al um numfr I m
and various tiggggum alumnumfilns differing in titaniumcontent have
been heat-treated at tenperatures ranging from350 to 10 370[err]C. The
heat treatent WhiendARR sibstrte ad1, HOSIRfiFUDHBINE irfth@impdratard radgd)sf BS0 3 BIUTT Wittinthe RF
filmor titanidisthafingpoendenbitydangé 620t B0MW/ER2 g the plasniaCvDREpardtis to blaguch tha ére
CVD appar at us instating ®ins ABEThegata teulating tilhot! 3 isrelobdvia qliality-andiitd breakdanin vbltage iy atiféiciently
i nsul ati ng fi Inigh bdcduseftds farimedin therhighitegnperatlre rérige of 850 ® 320°Gmi num fi Il mwi th 0%

al um num content had extrenely rough filmsurfaces after a heat treatnent
in the 3507 oI¥OFlerr] C range, allowing hillocks a to appear at a
significantly high rate. This 15 holds essentially true for a

titani um cont ai riextyomnthe agteinsiating film (i Aim) 193; qnani (Amomrbete alfieapk laver is tymad ayiaf

| eadi ng to thderated 2 S SiHH apihe semigendusipriayer iy af %1?5"’3’1“8'!33' oyt 2R0°GrR B RE Jisdhrieg
al uginum f i | mPRvarHensity aggef 4o Bmticmt. usipe the plasgmg VR PRIt he il m surface
was much | &s rough than that of the pure aluminumfilm but a few hill ocks
a were observe%fe ‘ﬁn contrast for a titaniumcontaining alumnumfilmwth
e e
al u- 20 ggnh : I sa, 0 th(gmA)ywelg"E?b? mdma
found t hat the rmre trtanl umt e al um- numf I'm cont ai ns, "t he snoot her the
filmsurface hagpges. Wth the enbodi ment, hillocks do not take place at
the surfaces of the gate el ectrode 112 and scanni ng signal line 104 during
formation of theri@alon theRs-tsAkyer @ sdurde@hddrdin mathiifiin ¢/ faeRaipe, G ib foAnddimtBersMpbrature
def aci's frem agnge paIag for200°Cusindithe @vaperation sispatteringdeticd. Aftel fhBs, the soutck @nd drain metal film,
enbodi ment, afahéthe triderlyingh&Siilaysr aod a-Silayergd patternaisb ad tb fogn 4 seimivoddlidor 14yer 114 dnd then
seni conduct or thesspare gnel diBin mefel/filin andint-4-Shiaybr are séparated intwyseurce(gnd drah elact@ded 1A§&d)117.
115 are forned, followed by the for- nmation of the interlayer insulating
film 118 and fg®er@ctive insulating film 119 (both nade of an SiN filny.

Si nce the &em conduct or Iayer 114 and contactl ayer115 areforned atabout 250C
and the inter| aydex A&arsagrent nf’rctlraftr&.sucanaawetmhse@e 75 1aq pixet qlactsode;1p3 s formed in
are forned in t@%@“ﬂ%ﬁg{” e ypingthg evapprating prspg 'E;ﬁ!‘g appasatys, Then ¢ Qrf“'“ e
ature as that Paterggdite. ﬁ%t"‘bB!’f"ee'? 9 198 Papgf vhae PP Hie Fetice ejprirgdg 4

not take pIacg the surfaces of the 30 gat-e eIectrode 112 and scannrng
sign i n& 103°&% the tinme of form ng those films. Although not shown in

Fig. “rl, a tltann .rantrm DloRbadb mnr;rrmet.réu i) 178 el bl e &'ﬂhnﬁ'{%ﬁnﬁﬁrﬂe
4. 0% by wei ghter u.npmrs%tt HeSsamb Bonflhs 'ab tHoRebH @gfa‘i‘eiﬁéﬂ tird Him M3l (hQ &
were not founctoratng rAperaltRY rahdd &f 35EBHIC ith (tRRE BGHAGG pier derity-h 750 lo0
With a titadi Wiler)ushYhétiastha 89D aipatias 8 pRiudd Holbiving Bisithdshthét ftiéH1Ba eabhin@@drain

treatment in temmtdgnmgﬂadér,ﬂhéﬁ@g@,eaﬁsu@ﬁgfﬂ@1ﬁ70[ err] C. In the enbodi nent,
however, for safety's sake, titanium 35 containing alumnumfilm with a

titani um cont gstep 8If 4. 2% or nore by wei ght were used. Al though in the first
t hrough third enbodi nents, the data signal |ine 105 is nade of

titani um céht ai nTheg, caktheinkeniayer inulatingefijm 18, aisaicintercormedtipryhetat fillntis forperh it ofttitanih-gbn-
such as Cr, t Heininggiuminymxwith a titsniynvgontentigk4- upretbbrefersmmeteamatmmnopof 100 to 200°C,
el ect rodes 1106:siagthe evegorating of sppiieripgapparatus, Afterdhis, the depindntereaqnestion reetal filgdbeatiarped to
and 118 and ddosiuesitheista signs| line1195 cqppsrted & thesdrai eleqtrpde, 7 thequah theycantagt helg HBanet a
filmin a nmanner sim'Iar to that in the formation 40 of the gate el ectrode
112 and sc&hnilfigr g ignal | i ne 104. Further the source and drain eI ectrodes

116 and 117 may ani u numfrI .
titani um conten @he ﬁf?'h's?%"s”{a 2 e‘f:;tglo flz%\ﬁ" 3?;\%;' %@3 ?fgsqtéfT.l?hg
the gate i nsul'd I'ng f m'gi"fffwér ?’Pley'la e i's caSe PNy 8%, rpgﬁrf

that the source and drain electrodes 116 at¢d 117 shoul d be two-layer filns
that have.a nmetal thin film such as a C film wth a good ohm c contact
at the interface with the contact layer [err]a-Si |ayer) 115. The netal
filmmade of such as 45 Cr may be extrenmely thin. Use of the two-I|ayer
filmof a titaniumcontaining alum numand a netal thin filmmde of such

as Cr results |n ‘a very srrall |ncrease |n the resrstance V\hrle |n the

I Y L o Y o - o, -



55 "al um num nmelting the mxture, and repeating rolling and forging so
that the titani um may not be segregat gl ghé'7o44 COOl i ng. The titani um m xing
ratio can be set to a desired value by controlling the mxing |evel for the
titani umcontal ni ng.al umnum% t, and by controlling the ratio of t he
titani um chi p® g‘ﬁ' ﬂ’%

m ex osur e re f [
titanium chi p di SBEPSE TI: ateelqupgﬂz 1?4 w§ F’%ﬁ‘ﬂg
of the tltam(H’ %ﬁ é e nf r§n:|]é im Inrmt e;m;n-
line 104 IS s eq é’?. dquf p

tenperature ﬁgii é@ggg
and the all ovxﬁgiﬁdg%,{nhggg,{aﬁﬁ,b%@nce 0 e scannl ng SI gna | ne an ta
si gnal 1ine redqpigl®@dndwe thelrédBitsF mbastiin thhﬁm{ duftided aféer ¥ Birddlurhlhub iR ¥ndl@Ndus Btanidhile
titanium Contmﬁnnwﬁfnh@a.rfaﬁ@wﬁmdnhmhgﬁt HaGAbeeR heat- krbdtadl 41 Bnipera@rEE Pdnging frém @50 to
the subst rat e37049) TiY HaBQreativiehtavas Hdie BPRYatiilia Jubside @F whibita fuRSdivnliihAin otianfulaon-
t he upper | i ntaiking Slumifim fil hisbeenformeWith thepiding GV agpaia i intthebmé Marinerde thatin tha forie
requi red for shétien ofitisyate)insalativg filnF118. exanpl e, 'since titani um contai ni ng

al um num wi t h aAs$ shioemin Hig 1d he piretalupinuinFanowith\08i alpirinuinaentent rad extsmely rough firh surfacast
17 [err] a 20sflereclieaf tregtment inthe/350 &l 3706 vange allawing diferkdd te appear at asignifigarite highokte ddiss
640 x 3 haoti Zheids assentiglydrug for & titanium-coetaining gluntinymdifrowith atidnium cintentof1:3%) byovejght lasding
devi ces are pothepisption piiilogkpataigimgier Fops titenimscontainipg slungnumiiim wigatiggniumpgrtent of 3.7%
vertical. 10 WN‘EU‘FQ‘#"@#’H&%W“P“ WHSF @sreﬁemftm/mqltwuméw l?\é*a illogkg awgrey
TFT havi ng tv&?ﬁ? e'|“ %’@i! fP"r?§l5ﬂ“&'{“rq9 'T“T'q ?'H"“ "'“ I’E"?%‘"H‘"E@B*P?t% VXWW e
a figurth emb i &'& :g&"“ f?[fgﬂ‘ {ping alu-
secti onal %i e'WE"'T i T"ﬁg'fhraq "t?fﬂ OMHU‘T' ftyes 'QP%'@HU%’H?@ ury éa'F'B'{)'r‘"E fjm

enmbodi nent . th°f§‘°° e ct ode

By Iﬁ.o n&eseﬁyczgéf%s am%ﬁ 648
202 ot med O ﬁ{gﬁﬁ t :Eate Qulkﬁ llghaltli'?Ttp (g%%{,
gate electro thé} Iatiﬂ rXPﬁ I @%;E% E¥ter tnd
ed %ELeﬁ b§f?thoFe

gate i nsulzet | th aysp(a eﬁ.ﬁmoa 59%; &£ ﬁ;y

and drain el egdiopsian ﬁé}ﬁyem@ul& fillh A1 GR proidctN@inbliBALER 112 b& db ofta¥i B film). Since
seni conduct Or thé saffRlondbbter dybrt1Pdhd Borkabilayet 1154k fokiied @PAREIH 260 Ghndithelinté Ryet Mliatingflm
conduct or | ayfB andproteciNemétiating Ainf119.5r8 RrmddDthOBmBErat i raingd of B8V 16 SAC; Bhd date torhper-
| ayer 204, anatdrb bb thhiQEkhichGhd datelinsalbting Giinf 118 i51fakM8d, hilockdoMottake Place g @HeBurfaces of the
el eglr ode s202gateselattasta 104 antl isdadiing HignaIGiing F04 B thedtingd of forniiag thosa fikhst he surf ace

| ayer of the gaithoeghart slowBicFig2 @ aititaniaun-comahtlagzahuhinumyfim witiD@ étanilrh eontantiof d@%chyd
dr ai n el ect r oseight RdGinmsitho2@ighrmesein trediim sxdrface ad asyhillopksavere(dot folrsitat &l Bor shigmeasdn,
contact with @&iurt-deptaining gigrainunefiing withdatitenium ¢ontgrtiof 2026 or ragre by weightwse bufifjoient for heat
el ectrodes cotmesatment inthe temperatutsyange ofi 359 tg FZAEC.dthel erphodignent; howeier for pafelis aake, titanium-
al um num 3| n§osiginiag Ghﬂm'f“!mfr'h'"énﬂ"“tﬂéa“ﬁm&e"‘e'FP@s?% or gare; by welg| M’effs'@ds how t he
manuf act uri ng mkheueh ip the fippkthtoughthipd embodipents, F"@l"é‘? signghine 103 i megdq W'PF'%?'?{"H}Q '

i s manuf act ur%‘d““f"lm FHW madeof §f“ ee'MM aﬁ\?f the a"‘; 3?‘@' 1 @WB\WR
in Fig. 13A “Uw
gate el ectyo "2'(5'2"? zg; T"FE:E ne 'Pémaﬂ'?‘ﬁ-’ ﬁ"l hepi""a "1’"
al “mg,gum f ! l nlu§\- Eamuﬁ?%ﬁgnt s n?f‘f’ﬁ iibn(?
t hen™perform Q mg and
pr oduce the dt'ﬁéih EI 11@% oul wL-'I é’r'?.'ld.m& 95%‘3 taplg:ln i such as a Crfllm with a
titani umcont brﬁﬂce% H&‘aﬂ%t‘ér‘féoﬁhﬂttﬁh& @6ty (VRS Ager ds. &he b8 fifrh thale oAJUER A9
t enper at urg - Qe Gttefely il UsE df B3 tivé-layer Afthof b GamBiA.cohtdinfiig atumhu.i\faﬁcnaﬁ.btanhmm

the gate el € ChniddaPoudhh Cr l&FhQ\}erMam%ase&&h&bﬁéﬁhcén Filg. 13B, the surface
| ayer of the gawaiiehte bhmbudmenrXRe préseativeliticsisl ajphedits théreldise stabigel Bpe; it @y iRlapplitdble
an anodi zed | oyerrevatia soplahdreypa,thekitatgérityps, and thielbeplapardtgpedh thixicasailer the@ate ieBctrode and
performed by thesaares enigirdineiectiddas, st leastibd lowedr ele@®de (the gathéledtrodd fer tigaéverse baplahartype,
202 has been dndithesdurteand drain efectrodes fpt the staggeieat! ceplapardyries) farinedbefopaithe REMtiornof the
face the cat hgatdnstigtingfitrdmust bnmadeof titaniun-contaipiog alergieunacr oss the gate el ectrode
202 and cat hode: Thgqs apveynediioneh titaniunyeontaining Aluinunithiy film ig tormedipy mgans of thewpaltesing
film203, i-t (#i%2rant ef Ytapivm-contaning alppipum arrfdaraﬂtef@wprngluwum !on@\q!'fatelhﬁgwmpmnﬁ
208 are for nelgve ?Pe%' @ﬂ%@hetﬁi’é‘l“ﬁ 'Etﬂ@“ ‘“&!’I‘l‘ﬁ' a\a@&wg"xmn@ﬂdgeﬁeemumw“h
I nsul atind®fi ?"I'ﬁ‘ ugg), Ne “i‘qtmﬂﬂ@“ "'“9 t hat the, {itapiyrp, ma

g s he
T30 W [orr] o cBPr? e ﬂf"‘é',.gmg@f? ﬁﬁﬁg@%ﬁwgﬁhgﬁmjfs °‘?ﬁ‘a°s"'§¥;'ifg§tﬂé
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X ure for
quality and a il gﬁszrea JetrreSop p sem conductor |ayer (a-Sl
| ayer) 204 is formed out of hydr ogenat ed S (a-Si:H at about 2500C



55 Wwith the' RF dl.schargl ng power density range of 40 to 50 mW([err]. The
reason why the i-type seniconductor '%l‘%ra@ﬂﬁslls formed at about 250[err]C
is that a higher fil mform ng tenperature reduces the hydrogen content of

t he sem conduct or Ia a| ring the sem conduct or char acteristics.
The bl ocki ng ||ns %J "ﬂ"ﬁf; t::?g)' ‘1"5""’[@????&' '%’5 "a“'"°1°4
ol LonS 25 un osion) piDipnd sfeawvas Q"a'
T' lt;npgogeren gg; :tl Elste élze t ;@gtﬁﬁmﬁ muaéoﬂl eél ||sin§rea dwngé eat
_ slnce
i -type sen - %14 %ﬁ.ﬁnﬁm hs"%mﬂﬁﬁ sﬂbﬁtwaaﬁﬁasarsﬁst S J"Eg

further phot 0%- llagid I@Rﬂ :blél%ﬁhené}ﬁb Q&@e«io@:s brékontal dhaly B%bout
sem conduct or 14 f¥fiquide ﬁ!e\fl&'égﬁ B tHe em&aaﬁoeqmlxtalhemmasm b&as,

the i-typegsem conductor |ayer 204, using the plasma CVD apparatus. On the
| ayer 205, a pebdthembbdimea§0 for source and drain el ectrodes (such as a Cr
filmor a two-layer filmof C and Alerr] filns) is formed in the

t enper at ur e r angkhe priesehfifivehtinn B@Phecpplipio aTET haying twe-laypcgatednsilating HloPEip.AR isw.sedtibnal
[ Step 6] Next yiewfor g foorinembodifpng of thipresetttrention. &igs.f 13A thraRGO13F @re sedianat wewsrillistrating
drai n el ectsr othesnangfaghuring saqueande ¢f the(idush erabadimienty t 0. f or m source and drain

el ectrodes 206 dmHig212ythe fafittoembodiment corhpeises-a legleqdie 203 fonmed- on a Slassspbsirats 201, an
except for 20 SiNgste isuipting Him208 aujthe gatmeleciyada 202 an A®! kiyreispmieandudior lgvrs 204 formedipn fhe
207 is etched$ lating ﬂ'@#ﬁ?@t’éﬁ%twﬁhﬁm?%ﬁ'ﬂ agourgegnd %’ﬁlbﬁhﬂwﬁesrﬂpga"dfw

In £he thin- fqu'ﬁ? nbathiedges pf thy Hynesemigendutariaver 204 vizansiyee impurity-doger-a-Sigtype semi-

fornmed on f”he 'ag‘?iﬁ hbgyeth ?‘!!)‘_‘L““F'éegl‘i’ﬁﬁféhedfyp? samigendorteriayRs284- A0 ity Piasing nAviatin

Ti - t d f | th it f b

od Sed- 2'5” ggiﬁf? e B SR e e oo e oo
ol

| arger h;fs' st ' i m@éérzﬁ e.id%% madaéf%rream R é&ﬁavh&doaéoﬂmm
titani um n‘DI ylgg%ﬁrg.{u gqu:Wa %ﬂﬂ&.% . elfcgncx% g es gPﬁlo Zresistance conductive film

conventi ona

thin-filntransi sggqr n hép%n eahaaf‘acﬂaﬁ@mﬂou 8ine/thib Rl tRRsIS-AMS tHLANS brhrble®r

are good. Si NGmdn cta,bdfanmnbmets{emggybemas t he gate el ectrode 202 nmade of
| owresi stance titani umcontaining alu- 30 m'num a voltage drop across

the \gate ebeciswgg is small, thereby inproving the operating
characteristics. The titanium containi ng alumnumfilm conpared with a
pure [err]fil m vAsshowndn Figl1aA, anithe dieas substrates20) 1, thafidmivn-dontaiping élersisunagateceiecirarint202
treat nent. Anddommad bydfirstddrminga titanimi-eantaining gleminura filgeon tiieagidaesubsttatec?@ withthe spatteriegl
rough- ness i rapparatusfand firersnerforming peojastchingrandhe titgniummontaiping alyminyin fiiht prpduce the desired

el ectrode #02patarn.of titani um containing alum num and anodi zation of its
surface 35 | ayethediaaium sonaniqithe tim'urm%%m@miwwfm?gﬂma@wmth Hiwforming
el ect rode 202 enpesefip of fha opte insniating,fiim2p3 formed giter thejformation pfihq gatp efecirode 2

afterthe formation of the gate electrode 202. Thus, the gate insulating
film 203 does R4 nhave defects caused by the roughness In the surface of

rO
o Khe- Fai%a;y iﬁgﬁ, Z?gge A G B yerecgﬁg R3Sl 50 5,2

el ectrode sur tgg]gc%&tioﬂg L,L&l,md?@%mm L '%FM}L | ol Svhic
filmand siligy Q'efe&égﬁz' %S:@Efohminaaﬁeie pﬁ‘n ﬁ.am i othide b6 fécga(‘ é&hr;dz

br eakdown ygol taﬁtgﬁe,h?wﬁ o SG4<8 tHag8ie ble@b8e Z024n hdie source and drain
el ectrodes 206 and I's suf- fici ent 'y high. The ti tani um content of the

titani umcont awg 49 al um num may be :sel ected depending on the filmformng
tenperature for the gate insulating film203 to be fornmed after the
formation of theTigatas sidwadt Fig dac, 2gate\isaiatirig!fitm 203; itypersemicaridinctay 1dyer 208, 20Bblbdking
fornmed i n she inselatng filw 208 greffamertin edquetoé) using tBY PasenaICVC apmaratus. t he enbodi nent ,
the 45 gate el etiegatdinsyaling filmySiN BIm)23ds ferimed, far examplenat thetemperatnng otA50 toi3ARTwith thia
a titanium corRdehamfnswlﬁemﬂvms@ft%GMéﬂ'thﬂﬂz TheSitfiim@0% thys fanned undenguch conditions
titani um cont dphe tlepeualityiandprhighhieakdaws voltagr: bett er t he surface condition
after heat t reatmntvnmmdymﬂ%@-%vewé Isdarmed quigf hydrpeenated anSi (aSkld)t qbaut 2§p°C
an increas® i vt He §Fh§f9é['ﬂc?@"°6f’f"P'FYé'a'19PP%ﬁ9 /PR ¥t dnefeargn Wiv g irivAmsedigondyeir
It Is desi rabl'%f‘"t c t "gﬁ"{pﬁ’ﬁ'i“ QueR§the KArpagn content of
al umi num wi t h 'BG(frehm k H {85 f e conte g?tcap

bel ow 4. 2 by wel'gh “'"Ph'euga{% BT A ?{é'asgﬂef% fictF 5 e Ho oo n-
filmform ng tenperatures each tinme the |-21ype sem con- ductor layer 204 to
be formed after the formation of the gate insulating film 203, the bl ocking
insulating film



208, the'n-type semniconductor |ayer 205, ‘and the source and drain el ectrode
film210 are formed. Those film forngp g ése,gpgriatures are equal to or |ower
than that for the gate Insulating film 6 out 250[err] for the i- 55
type sem conductor | ayer 204 and n-type sem conductor |ayer 205, 350 to
370[err]C fors"ﬂﬁtfégfﬂﬁ‘@ %ing insulating film 208, and 100 to 200[err] for the
source and dr n4 | ectrode fi#.lin 210. As a result ‘of sthis, during the
formati on of f| | s, roughness wi Il not appear in t he surface of the

gate el eCt ode en ass wnin% mgula%naéllll'rjl &r& Ctr
a good adhesr m&ggggg _t s %
201, whi hna if? fmtate

the gate el ectro e to act W|t the ass gubstrate surface
as in conventjsgpaj thin- f| I m t ransr stors Because t| tani um con- taining

al um numif not expensive, the gate el ectrode can be nmade at | ow cost Wth
the thin-filmtnemsdsshewn idfig. 1B, tiRMRGSS seMidéndudtdr 1aér 20606 forddRindeP the BiMiedoRditoRSas
oper ati ng chamhaselie thes-type Semivdhtiubtor layst 204, iuingthé plysma TVD @ppalhus NOrRKBNRYZ05)\a0hdta it
bet ween t he g2todorabiedianddiein sledrodesdsiucinas S0y filncar aavasiaghi Elinfof €1 286 Af filnl€)3s fadad hnic
207 by decr eatmpegatarevangé afc]e0 id 2003C,asingthe sattering agperak.ect r ode 202. It is al so
possi ble t® reduce the pro- duction cost by formng the gate el ectrode 202
at low cost. B¥pPIBE in the enbodi nent the gate insulating film203 is fornmed
In the tenperature range of 350 to 370[err]C it may be forned at a |ower

t enper at ure. FolNeRg showa i"gﬁilt @thmﬂﬁfﬂéﬂ'mr? f?’spmédféhdemlk‘i rpeqd Sy phatopiahing
filq 208 10 Qtf°ft"we" hiswibe pHipe gemiconducioriayep s exeppt forg
be made of?ti thapertione E'tsiﬁthﬁ ﬁ?P'ﬁ@a"ar‘ﬁ ehatmdva ?Pﬁ a'ét‘ 2t°TFaﬁ'r‘ﬂ?m”%yd?tmt“elt'@é@“‘f“ﬁ‘aﬁ“' -

t hat ; of the eﬂw W%ﬁ e frted e res nsul at i ng
SN /o i r%‘tgﬁ %%%%ﬂé%t"?g e Wﬁﬁ%@g@ i s

270[ err] C, o f m ﬁtaarfatarﬂ il fﬂ gge il B Y Ly 1o
usi ng t he Pl agggy g it ﬁmoﬁé bl bl

and bl ocking johthdilaitlel nﬂrr fit arid t§adh&i8 Blopuriibls Gith td Hizs strate
about 250 to g£ggédrr]C, the titani um content of titani um cont ai ni ng

al umi num used T @nc A6 thihAiR trarsRik KR R gaie dlebtRide B2 made SN redidtine RiniliREdBRIning alu-
Forikmt i on @f inGmaiokage Hof bdrdael e gl elfdiiodes schall] thdtbby imsheving dHeldbétgting bitbfaciaHslics.

Wi th a titani umTa®ibrum-containfig Silkmifim Al omipiredWwithGA Purd ATtflnd GtICRXitaRiuiMiDIR a feds rough
roughness t o filsugace biter dedd fredtient. pabdizatidn@Ethe turfackdlaydbitalesittie heht-tréaeménd-catBdd raugh-
of the gate i nessinate firgsdriabeav@igncather. bl ocki ng i nsulating film 208. 20

The gat e i nsul atFemgtidni df tie 2818 elastedddr202kt afi titanivme-cdntaining gluiinkmmaRDedodizejionof ité surfaged
at an even®| olaxsr crestp eimast ne woughmisa indhe Judfacg ot the gataaigoirosid 802 during:the forhatian chthe gate in-
250[err] C eac pulatingfilm 2faftor th ation aithangigglectipde 202y '@FS-Qienata'm!"aﬁﬂq %03 does nothave

sem conduct or defegiasausedby theraughpnssip the syrface of thg gatp ?'%P@ 202 Sines the fraon the gate
el ectrode 2029'%?“%?@5%%%%% H‘H’T B’fﬁ;’ff“ H“Etefiaf"ttg‘éﬂ‘ﬁ’ E’fﬂ‘i‘f%ﬂ‘h::lzf
2. 2% or nor & b

i nsy ati ng“fi [} 'mwaf’ﬂr”?ﬁﬂa‘eﬂm ﬁ“@G%?PZIaB '@tmg%"a"d\m ip guf-
int enbodi e Yy ent | Qn I

Tt R e‘?errr it
transi st or of &tgatgﬁl\élﬁétﬁ filln Egﬁéli, nt the
llayer 204 gndgdili§ectBdd 7o d@bf'i‘taﬁ ﬁ mm@dhﬁnt?ﬁ1 % 6r£'by
t he opposite Qg, r to that 1n the enbo Te ormngme

si licon-based t Mhémbre hﬁﬁummedmﬁ.@ﬁ-eanm@fammm Bdntaihid b bbttdrine/utthce 6B after heat
expl ai ned. 30trédtmént becbrésITHeGicrasthf @i Ebhtedt résukd iff NinkésE M tHetedistantd dthe titanium-
accordi ng to tdntaining amminim,isothetitis dasirablé toffadin BR dats Wedid et d tithivis-itafiipaluminum with
appar at us @hotianidnmasiess as dobsibld nless {h asent dd@D belppazabyseightpl oys a verti cal
bot h- si de di schahegatseénbunde 2025 heated to Rafiafar filmeforming Fimperatlrks eachimb sHeri-fpe semicon-
hol der 302 | s durtonlajey 2041p be fomsbd laffer shetiarinetion ntibe gatp inwulalieufiing 293308 blocking dhsulating film
her meti ¢ chan® thggtype semigonduetprilayer 205, and the sourse end dgiivblecindsie fly 236 are forrhask Thass fim-
of si | i con- bafeteing Bmperatyrpsare equal toren iower than thatferthe gatej insplating fifm2Q85akot 26¢7€ for the i-
subst rat e Fiol §yee sexippndugtosjaygr 204 andysstypesemyicondvetardayer 205, f60 (o 70°C fordher bigeking ipsulating
302 to maint af"ﬁ' 29% "%WBWP%\F&"BG?P"PG"%" ﬂ’EFHP‘@rﬂI‘H‘ ?ﬂ?oﬁﬁ E?fétt‘w@"g W*’"“afm
el ectrodes 308 Wiflngt ég%i?q e dg"@'kﬂ

nount ed on bot h ?1 iojne plupd ® dlagitods 3 afﬁﬁ%pd %e?p’%pﬁﬁ'es‘ﬂ@thepﬁés?ﬂ?
el ectrodes 306 are rmunt ed in the chanber 2801 to be electrically insul ated
fromeach other by elec- trode support nenbers 307. Each RF el ectrode 306
conprises a netal plate having a | arge nunber of holes through which
process gas [err] flows toward the substrates 304. An inlet port 308 for
receiving the process gas [err] Is forned in the rear surface of each RF
eI ectrode 306, L t hat the process gas [err] |s supplied fromthe Inlet
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conneéted fo the RF el ectrodes 306. Ot her nenbers such as the chanber 301
and the substrate hol der 302 except for .;Q I;F _Jectrodes 306 are grounded.
50 In order to forma silicon- basedE I'n mby using this plasma CVD
apparatus, the substrates 304 are nounted on the substrate hol der 302 and
are heated to atbster20h wiyphumakpeit yngecasegrydg provide arrppderyingdiim thatenables the gats gloctipds o e in
hol ds the heat %gﬂﬂ??‘ﬂﬁ?@ggﬁﬁéfui’%’atﬁﬁﬂﬁﬁw "b??"‘ﬁ'?@"ﬁ'é'?"&i@f“ tﬁﬁﬁ‘?‘iﬁ Bﬁ?&ﬁé&‘ﬁ"&‘ﬂi‘”“‘
303 and is set
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308. The supply “5“°";,u1 e ﬁﬁmd amh be bk Ebgéof% 370,
charged fromt h,g:m bS a,g,gg, %ﬁ% gﬂl,éﬁ;r:q I film 208
pressure of jh eaut Ewdrﬁmﬁerﬁbﬂe Hows ehﬁe JEQthtamu%nﬁHih&ilﬁrﬁlﬁﬁrﬁmh

304 are heated Reftieas thatiRat SRhainto@inert Indréth Héaﬁ‘cirtg redidimtd. ate tem
perature, so that Tﬁmteamﬁﬂﬁgaﬁne sﬁmaﬁioaww SsufficidiyHighdredRivivn wuag”atmtbe fofthdd@lowly
the substrate tifHeRiwaf thihgratitéirahdbeds, foB exampibabblt 45060 Z04C, Rith theRE disbhbrgiRg Gesityrahge of
of the chanber gute10Dindviaehd, .zsa@,thea,labmgbvd sppardecy current is supplied from

t he hi gh- f r agjuenc wheothe gaténsulating firh 203 and biackingfnsathting Filimzbe are3éined io the ttemiperatuns range
el ectrical gl ovefdbatisartgzyot: thetieniurh banteFof ttasab-canthining 3i0Ginam dset! foe the gats blecttode 202
hol der 302 and may bg@2¥%roanere by wright Famétish vidiergatelstectiRide 202@uttof tilahisn-@OBiniagialuntitum with
substrat e hol destitanitmecoptens 0E&2% ¢ranore; by welight intrpduceschiniast rolndughneseta the surfage of the jate elec-
chemigal react itonde 88uring theforratinnsf the gate ingulating film203 and Bincking fewistiog Em#H e d

mat eri al on 2ach 3Jbagsteinstlatingfilm 2033ddlogking insylating Him2PB may be forregd;t an eyradqwegiamperature.
si i con-based t¥$inqq thegaipelepirade F@Pﬁgﬂ ”PG""L“F?@OTCI qach t"‘f’ﬁa‘f‘h'dﬂ"’c?l”"‘f’?ﬂ“'l‘ﬁmﬁ ye[ 204 and n-type
thin-fitm fil rﬁef“{?P'FPH?‘?'d‘ﬁ’e‘i 295 re,fqna P o ot 'tawgnws
of 230[err]C to" Wé’fhe’ffﬂ?ﬂﬁ“[ ulating {fin 29¢ ang logitng
100 mvcn2. An Y

dan the
t ffilft b I tt iedqo th%(\f ? horofWe r: gger
e 2 511 con’ 1;"5 ?%f "'%ﬁ’"" %‘?&ﬁﬁ g e el e

nonosi | i ne gas &qi la gas are use ocontltutea
an

reaction gas, mg%mowf@ﬁ.aﬁ%esedwmmmse@foﬁwa&emrmma iR be L b)@lained

used &s.a caprier gas or exanple, when [err]are used to constitute a main
reaction gas, alppgtmg,fbrﬁ,mgg@@lod}s a carrier gas, they are preferably m xed at
aratio of 1. 1: 14 to 1:2.7: 12.3. Asilicon nitride thin filmthus

manuf act ured has @ siiévifbased &niromm laédoiding (oThd Pdsentfinventidiis foemdd. bY TsiiSa fasia ICVD apyaratus
t he nunber of sshoweiaRiglf. Thid piama CED hppaatus Bploys atverticabbothsiderdsgf@rgeattems. (N) . A

silicon nitrssde f RefewringtsFij.d4,mechstrateligidet 302is movebly swpparted byrachokieroging redchanisop 303 inside
wi t hi n t he r angehepheticickamblo3fd. A pluraiityf ob substrates 304 subjscted tofematigu bfsiticanth@sed thin films are
Tenper at ur e: mounted on both major surfaces of the substrate holdds 302. Aheater 305 is arrang@gHingide the substrate
Reacti on Gas: holder 302 to maintain the sjbpiates 304 to a predetermined temperatuvepRR\plgptrodes 306 are arranged
60 cc/ M Carri ertomsgectively oppase the substrates 304 mourtgzl on both the major surfaces of the)sybgtrate\jjolder 302.
Pr essur 40  The RF electrodes 3086 are mounted in the chamber 301 to be electnca{y |5sulﬂgp fromeach other by elec-
Di sc h }g e Freq u upport members 307. Each RF electrode 306 eompn g\ dv\gqles
Density: rough which process gas Pg flaws n in ess gas

th 6, t thy races Hﬁ' fromthe
power density Inle 840‘é D m%:g %tf i&rg Egﬁ Ee%ﬁfg ava
power by the, ot iﬁqﬁi 3)
(cc) of 1- atth s.u - & | Ao m@ tns ,ﬁgfr{gh Butddeid area
formed under th iﬁﬁs do@Qr'ﬁlt éiech@Je)és h- 311is
suffi- msntly RSOl BORIBHerertbsrs bith eshaﬁ. %é%dﬂﬁ\éﬁ%strﬁi@ﬁ&de?mz
Is-as | ow as SQMMGIQFQL&W@&M@O‘M&@ for mat lon tenperature is as | ow
as 250[err] Go A CHGIgs td forfia Sikitbi-Basd thinMins bybising @il plddink IOVOQpfardti, the sals@atés 304 are
0.85. 35 FinGunted bn théQubEtrate Holdert302Hnd Bile Aéatedl tdXbowdt 25090 2761 The Subbtrdte Hofdert3oBwhich
si l'icon nitri denddskhhessdsubstiates 604 is i@untab 6ivihe hdldenmbvirgimichanism G034t tis satis the chamber
Fort he sake of stampeedstermined pasition. Atdogrotihe ciamber s dpaéd;] andrthe ahamber B Swdcliataf to a vacuum of
silicon nitri deatoit| 17 Tamrbyw dacyurl pump; dnd thegpmeess gerchs BigasTaixtdne 90 mdirerdactitrogae and a carrier
except that 5 hegaRiis aypriiedframpbe ipletports 38 Hietsyppiyamoent ofcarripraasanddire ameuit gfratrier gas dis-
val ue, i.e., 12¢chargey fram th dnpogarghm?o?wemn\%folleggo thatiike iptproal pgpsuresf the chﬂféeflss*ab"'zed
br eakdown t est (&8 alout0.5Tem e pybstmiepa04 arg hegtad by the heater 305 sq s agd tofeduaethe substrptp tem-
break- 40 d ovmp%i"t’-ég &hat the substiate ‘?'ER?H“% ig keptialmest cqpstant. Aifteithe,sybgtfate temperatise and the
and 18. This sanple is fornmed such that a ppgiralityofstripe-Iike
| ower el ectrodes 322 areforned parallel to each otheron the surface of a
gl ass substrate 321, a silicon nitride film323 |Is fornmed thereon, and a
plurality of stripe-like upper electrodes 324 are forned parallel to each
other on the silicon nitride film323 in a direction perpendicular to the
I over eI ectrodes 322 A breakdown voI tage of the sil | con n|tr| de f| I m 323
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fil'm por'tions corresponding to the intersections of the upper and | ower

el ectrodes and these film portions hagpﬁfe B{aé area of 2.07 cnR. The
silicon nitride film323 was forned t0 have a 1h|ckness of 1,000 A by a
parallel flat plate type plasna CVD apparatus. 50 Br eakdown vol t ages

of the sili chFe"ﬁF'tPfePﬂ'? qfthP ﬁ'i'aswya&rstaa“%e& '@-fr?awﬁgwm'sgwnpﬂee&ﬁmmethrshﬁeqqum
323 forned \M‘R°|"’é"sf’ | i &they g gertg xe'ﬂﬁ'?'&ﬂﬁdfsﬂ%(?e glectrodes
n.W[err] h wq%@l‘? strate
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count of the T tf?mst%%{hm? fi?mf foﬂPat.orP Q Bdrfofined ésu% %
el ectrodes t oyt od}yg% he q’a,é m i E@
opposi te Upp%m ga@ﬂ k&&ﬁﬁa fifs o bndli€ Suppiled ncéma prop ate
nitride figm fidorl-bhdal ﬁﬂﬁfihﬁ%bbﬁmﬁ&d\éﬁr&sts%ﬁsnl d, Horﬁku&egl@or lehé 43
portion whi C*’hn@%ﬁm&ﬁ:ﬂﬁ@ okl © cobBRRalvRintddRfh gad)shdnfXSun, r@hrSé‘eher ord38s mixture
t hrough Whi Clnéteds 14Tukédbi a Gdrriek gas. Ed? bapl, vihen SR 4hd NHPMHG GeoBiooRbBiuey aThalHrBachis as,
def ecti ve br edldHpiiiseR s 4 éamridr gab\they Br\proferdblyintb@d Bagatis aOMA : 1Y 161 QQr:aps Qfsml:_dngltrlde
16, in a sil itanfilnithid reanefadturbdihas @lcoMbsitidn ratiof (SIN)of 07518.0.8504s d raticof thé numbeld? sflicon
476 701 Bls pedtanis(Siptottieniiber efritrogenchitaal{dy ge power density of 127 nWcn2, an
Anpde def ect (i Asiligonaitride filnt waslfortief undér thaclfelloeidg topditionp fatihgoivithin titecrerge rof thejatmbve fiim
| ow field i ntfemm@tiameonsfitiots: M/ [err] or | ess was as |arge as about 5% at 1
MW/ [err] and about 2.5% at 2 M//| errl A B node defect (i.e., a defect
caysed by a speak spubptyeterTemperature gh field in- tensi26@°6f nore than
3 W/ [errPPwas as | #zd@ fe8adbosh Gagdo at l\éé[ﬁ‘lerr] and abagt t4y3% at 6
MW/ [err]. Fig. 5 16 shows a breakdown hi stgogram of aS|I|%? itride film
forn%d at a discharge power density of 127 tn2. Wen th& f ormati on
tenperature was set Carrdie®[ 6es}C, the breakdipwn test: resul3l900i:cVMe
resul tant silicon mptr@sggrgu | m remai ned al nost t-he--sane ag hah,f Fig. 16
even if the dischar %3 ﬁ}? denS|t¥ was- changed-wthi-n the ran%e of 120 to
130 mW[err]. The bREaRASGAREAS BEEBEREYTs of silicon niltrP&eMPZ s are
estimated to be degbddethargeaPowedabemsiktyh the 10 fol | @ n@/m@hanl sm
Wien a silicon nitride filmis forned at a high discharge power density of
127C AN cnthy  eXPeRd didcharge powéterts wéluerwtahmyemm 4 slphiied ABH-fréylencypdviel by @R/ area
nitride is digFeidhiRPlelsctebds.Thé RAN6bra3erits!ah dnfotiti(ac) of @-atn 0K dal WhicH Flows PersriiuferiC
of the subst rat ¥he siiasch mtridkirh Gameafundgi telabove Eontiifiéhs Bid d vdAEmal iuibereof Gefdcts and suffi-
becomes nonundidnty kgt tpeakdvan edltagesdintecthd RF dischérgeygowpr dahsity Bas bivas SkaW/capalihsugh the
Wien a fil m fftimfvhatiom temperpteredit asilos as 25036. Arioghosiiion @mtipaf this3BiGnaitride fitnsis iabput0.85.
conventi os&al f i Fig T5chevesta histograst df @ direakdawn testsesult efithe silichn nitdde fikn farmetiunfigrithe abeve
be a dense f ifilmfdrmation copditicng. &ontiecshkeof comparistn, akistpgranief k breakdowh tepbrehultofasilicon nitride
Sat i sfact ory fHndsrettinder tesameconditions deseribed aboyg except that theRFigischarag gower densityinisehte
assured. Howekasconvgptional value, ke., 127 mWfcmd e sbawnindigrdf-at ure is set to about -
250[err]C, a deﬁ%ﬁéﬂ%‘?ﬂmeﬂhﬁ'ﬁmwm?ét regultaghowmin Sigs- 1 and| 1P aseqeigined y maasuging break-
t he .dbove “flef "&o PB'&!EP “ "‘B‘F ahawy dfries, B 1"3 %s““sﬂ\a’é‘f"f'ﬁ d fuph thet e
ral

film323 for ﬂ"’?’l " Ity gi lass substrate
di scharge po on lt e n esll %2335 § w%jzér lcelﬁual:' F%Eer Ie esfg;;ez
br eakdown vol vol tﬁ O?mf-.&fﬁrggne Ed% Q o
descr i bed Gbopenhy p’% Blersaath [RGB s emraass i fla%
at the res peC&thlV:ﬁ’tenfsé& :Qbht%&r‘ﬂﬁ{hts lofwér ahdupéréfebtrodas®22 .Irhb satnBle het 2 totdhof 69
portion whi chem@biehs ReHRERAdIAGRo B MbPdebtRnd UP IS Lppdkhd loA¥iRlectildesand inesifs p&ﬂﬁls had
t hr ough Wwhi cha @tafaféd 82107 &z, Thesilib nitlide@m B2 s forudsinata & tithAeas 511[006/A BFa Farallel
def ective br e pladypd Pasnia@VD apferdtiOWN | n t he breakdown histogram of Fig.

15, in a sl i coBreakdowh ehitades biithd siticoxtkridd file 323 df ENshripid Waling@the Eifddh nittide file32a fored
of 250[ err] C whid tha didthagh powpedepsitpons cbetiaied ty be127 dWV/enatafilm fopmatidn eimpeatore bE250°C
occurrig at awdremedsurell by continubuly Shengingd fidd iMefidite ofithe pwer applisd batween tiramedctraips 822
A B node def eand 384 Auate ¢fagrumence(i.éi apaticf of @ brdalidowreqeuit pfithefilm portiens cérrenpadding o fhe op-|
was as smal | eesiteupeatandiowsssletrodes iahe tetalnpmben of thelfitsnportipneeumeaporglingy thegppgsite dipers
decr ease i% r%ﬂd@"ﬁf"'%wﬁr%ﬂeﬂ‘dw e silicap Dilside Himategchfigidiptensity Ip givanaapsbeprfipFig-
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about 84 mW [ ’fqg "ggga?g% pregksigwnportiop.ge on 30 th
substrate surfaf 'EP“’"& ﬂ@f Féq [16:d,silfcen plinide film;formed &t a dl’ﬂ‘?’i‘ﬂaﬂ‘?"&”m'
grown. When the silicon nitride filmis upgaformy grown, defects such as

pi nhol es and weak spots are alnostelimnated, so that the resultant silicon
nitride filmhas a sufficiently high breakdown voltage. A silicon nitride
filmfornmed by the nethod of this enbodi mrent can have a very hi gh breakdown
vol tage. Wien this silicon nitride filmis used as a gate Insulating film
for a th|n fllmtran5|stor or a NDS |ntegrated 35 CII‘CUIt eI errent t he
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60 to 100 mMV[err], silicon nitride Ldlgme%:\rﬁed at a di scharge power
density falling within this range and at a tenperature as | ow as about

br eakdown volpfﬁg'? "V

forming a thi'y? 1‘ jt Hf' c& ??’tﬂb a"d
250[ err] C), | ;';E o ﬁ ?
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mNTerr]’. However, when thedischarge powerdensityfalls within the range of
250[ er]rC can have breakdovvn voI ta es as _hi gh as that re resent ed i n the
break- 45 d
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opti m zedst o I6ver tharethat iof theoorvelitivaal tlim férimatioh imetiiodiavingidh RE disthalge @owen denisigrof (20 to 130
defects. Fi g.m@emi. Howeveri anlecyasslimdeposition sateds eoaiershaysiecraqap inyhettingiamdcoaling times dR-
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stabilized, SiHA gas and NH3 gas constitussing the main reaction gas are
supplied to the chanber, Wien the RF discharge is started and all gases
[err] required for formng the silicon nitride filmare supplied to the
chanber, formation of a silicon nitride filmis started by a plasna CVD
met hod. 30 Atime required to adjust and stabilize the substrate
tenperature and the internal pressure of the chanber varies depending on a



reactiorf gas, the [err]gases are preferably supplied with a slight time
|l ag, as shown in Fig. 19. Wth this Lﬁp% %GB pressure variations caused
by gas supply can be easily correcte inme |ag between supply of the
[err] gas and supply of [err] gas is determned by the time required to
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pl asma CVD appahéddite réiérénca niridndid dsai Fig. 120 3hote GheGameTbets in Fig) 32. 1 i Case, an i-a-Si layer

sem condust 0r’beahd afgate atibtng fid¥oaTam contudisly GrmeliSkiltiid ¢aseg tHel plagingd OVDrappatus has a

each ot her. [chenfbetandaisotsirabe nidadbdclibinberfall bt which aecditigwns topacnothdes a TFT

wherein a gate insulating filmhas a two-layered structure consisting of an

transi stor hémnatign fampesature isian ipwias gbautd film in this case, a gate
45 [ appar &t ylat f 'é'l‘t‘ry '9 akdewn vio rmetiQ
of I f
\?
manuf act ure
a gate insul ghiniited sthidluQBarAfivertéddBighdiettybthin fill traidbtor. Watabdbred typa FIET is &Ha®n In Fig.
chanber, and sabsBatélsadingichambad arcidypa gentidvaddo®r layeatoimatidn chdvhbel) a gateinulatitg fiyn Grsatioro
Si N fil m haviFifth Emtbofiighntbr eakdown vol tage and an SiN fil m having a good

|nterface55propertg with an i- type sem conductor film This enbodi ment wll
be described inhg Ffbﬁ"rbod'@zntpmvl@a @FTMBW'FGEatBTsH'ﬁﬁ'"QfH@"%HMP"FYWWW%%‘FQ
of the fifthCEaRRYfilmdiaying abig "dess'Naf“ afvgw@we%w&ée Brggerty with an i-

fornmed on an“Tpﬁ§ﬂ'?"‘é’f"i"‘r‘iﬁ'f§'f]b"§'fsr’5‘f’%""5@iww: P%"P?ddb ¥l gl ass, and a gate
insulating film503 is forned on the gat e2el ectrode 503. Aseni conduct or

| ayer 504 consisting of anorphous silicon or polysilicon is forned on the
gate insulating film503 so as to oppose the gate el ectrode 502. Source and
drain el ectrodes 505 and 506 are forned at both 5 end portions of the

sem conductor |ayer 504 via an ohm c contact |ayer 507 consisting of
|npur|ty doped n- type anDrphous SI|ICOﬂ ~or ponS|I|con This enbodi nent is
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in Fig. 33 denote the same parts in Fig. 34, and a detail ed description
thereof will be omtted. 10 A gate oige i@yl N9 fil m 503 consists of an
Si-rich silicon nitride fil m503a having a |larger nunber of S|I|con at ons

(Si) than that re resente by a stoichjionmetric ratio ggllN— % and an

N-rich silicon dn the fheifh ﬁ'B'EPdl"W"*a ?"('\ Iy Fig- 3P: agate ejestrade 5425 foaned ap,
film 503 near 2 "lt'qq %‘P?tﬁf?éo ﬂstngg “1“59 B'F' 58?)'& "I’?éﬂ?l elgctrode
| ar ger nurrber the ga insulating
st oi chi ometri '3

09 %ge glaé’pr %d at both
about 1, 1 0 %}m&ﬁﬂ “ ¢ éﬁ,m, a&?r "'31’\'i'-r|c°m§"§'%E o it SISt'H%"ffm‘f""Egﬁ%"'
at the 'nterfa n am Y6+ SHows Mruﬁﬂ 18T, 3bRbling B8 i¢Yormbli 6 &
silicon nitrig ittt o il o o P18 o oren Rl s
gate insul ati rlﬂ= béé@n id¥4, @ndd d%&ﬂ&l R thafestiwiiFbe! ohitidd. C OF dance
with the fgllow K\ghtef hsuIlirlg PR3 c6HAiste OFGH Si-HeN MiconPHAMB PS03 R&VIRE 8 Vardekhumber of silicon
250[ err] C Mai @toie &shithan Ehagiﬁ'ssenﬁed by a stoichiometric ratio (SN % 0.75), and an N-rich silicon nitridd Gin5d88V1
NH3 formed in a poftidn 6ftHeldateMmBulatiAg filk563 near the interface with a semiconductor layé? 504 and having

. 390 cc/ M 25 alarger number of nilP6gan atoime(N) than that represented by the stoichiometric ratio. The thickness of the
0.5 Torr RF Digste insulatjeg fifm 8apusabout 1,100 A, and the thickness of the N-rich silicon nitride filrfi 5035 6t thetitsterface
Di schar ge Roweidth (Be sensicopductor layer 504 is about 100 A. 84 mW[err] 30 A
conposi ti on r at i Thesjficon hitsidesfilin 5¢3e having & largdnubér pfisflicaniatoats in the gate R¥tlatingfirh 803 dpdormed
power densi ty by pligsmafiNDanparatus iGhgopydanc@withhe follewing film fermationicondiinshi t ri de fil m
503b at the interface gngh { he sem conductorl ayer504 Is forned by a plasma
CVDigppar at us under PHESEERE® CHHPREHESES formati on of the2BPfE€con nitride
fil mhavin a | arger MainbReaction IGeon at ons siggcept that the EE/)dI scharge
power, denS|ty is controlled to be 127 nW]erry In this rranggFt 9%
conpo3ition ratio of the silicon nitride filmPornmed at the ! char ge
power density of 127CAUFL®Fr$a$% Si/N = 0.69N2 n this thi-n3PP| @e{Mansi st or
of the fifgh enbodi nEnéssﬁrece the gate insulating film508,5nebedes a
silicon nitr- ide fi rrber of silicon an t hat
represented by the s%m c %g? leI t*he gate in- sul ;E’ Eg WQ fm 503 has
a sufficiently high Bi&akam WQ%{gR,elwsiﬁm the first enmb8di méAcm240

Since the silicon nitride film503a having a | arger nunber of silicon atons
t hant-hat sepr esesinpébitidy ratié6F tie sicer viitAdeTlir fobmddait BrDRF dischatid Yoyver Rty biB4inW/eh?2 is
the gate insulsmiengsfil m503, breakdown between the gate el ectrode 502 and
t he source and dihaNsiciesilieart nitddidiim S35 atairedntéartibe with theaerhiemitikctor layee 502114 farched by atplagma
thin filmtratyPspmrat@funddsite sendoditions s folmatienchd the isiticen nibrida din halieg & largeknveder of
of the gate i niieohatomppxdepl that 8O RF dischatge pewer denaily is controllisdblabe 127 e, Inghis manner, a
st ronger efsecreempesifignsatio ofthe silion 9&5'9? {ilmdormed at the RE«Vecharaedower 9?"513667 427 reigm? ig SiIN

i ncrease an OR%8rrent even if 45 ‘the gate vol tage applied to the gate

el ectrode 502 r dnthisithin film transigiepof the fifth ﬂ'@”&'&'ﬁ%‘ ﬁ"\‘i%'l!??@ﬁ‘?'f’@' afing filfp 503 ipcludns gisiligog nifyy
a silicon nitide B“’F‘i"‘f‘%B “ﬁ%ﬂf “”64 byéﬁ'ﬁﬁ%ﬁ’"&‘f‘%@ f'ﬁaﬁe tn-
t hat represenls\éI ili h?t‘cﬂ'e ’E""F "8'“‘9 .
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film503 wjth rfefastesaﬁw&wﬂummg eaare%{mdé%dz.em nsttn@saméstereSI s |
characteri stics ihe datbnsligting Finf508 EGh6ibtS briaSHlibon nfrdb Hif 508a HAGhd 1y RGiaYof Silidoh htBins
conposi tion akhah Bt regbsRitbPsy@nddroidhidmMettiéiatlo, hybferdsi ichanditefidticsTappéhp inwhe V3-1f Erfracteristic
semi conduct or chrad/d the tHit¥iim triiRistoRin thefthid filtn trar ok 6F thiYembBeimeng Sifkeltisilibon nitride film 503b
char act eri st i Gavingiatidigen buntbgidf sitrégeh atomddarathdt edpreadntetidy the bigishionbtricaatid isTamedat\an in-
[err] char &ct ¢arface of the gate inegatiag tiini 503 withr theespinicodductortidybn 504 andrthe hystarpsistharactbristidsiof)
the gate 55 ithedlaHathamgeristid arve(:3eteominsdsy ia fity @inpasitiony atahesitbriace of thi gatei inbelatirig fim
havi ng a | ar g&03 withthesemicdndugior layen$4cthethip filrt transistor hes goed Neds eharacteristios withayt hysteresis
st oi chi onet r i eharggteridicnnd a thin fil mtransi stor having the gate insulating
fil m503 consi stfigsg38Amd 86 shewfetly ehamoteristicqueyes (spild;prrver) ok thin Gisntransigtpriigvieg the gate
| ar ger nunBer "‘G‘F'atE‘F F'ﬁ"bﬁ?ﬁ consisting of eniy siligen nitrida hile davingadargay “t"ﬁ‘@" ofisilicenansdhenithat
ratio and the 'P'H‘é“‘ﬂ"f“l"?ws%ﬂ)‘"'ﬂ%\‘wﬁ isfor haying éfie f‘i’ﬁ‘é?"“%ﬁ"mﬁi’%@ i

toms (han (R e e e By e e e

filmhaving a | arger nunber of silicon at@®as, hysteresis characteristics
appear in the [err] characteristic curve as shomn in Fig. 35. However, when
the gate insulating filmb503 also has the silicon nitride film 503b which
has a | arger nunber of nitrogen atons and which is formed at the interface
of the gate insulating film503 with the sem- 5 conductor |ayer 504. the
[err] characterlstlc curve: does not have any hystere5|s ‘as shown in Fig.
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1,000 A) 503a, the total thickness of the insulating filmis about 1,100 A
The ON current of ‘the thin filmtran- gpylspd7eeget he fifth enbodi ment is
sufficiently larger than that of the conventional thin filmtransi stor

(gate insu- 10 Iatln%fllmthlckness 3,000 to 4,000 A haV|n the D
characterlstlcm&"lﬂ"\?@y AmOtTicR} e galp i '%'“*@ﬂ 'é?ﬁ H'l'é "'“9
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fifth embodi meigeod) 5d3 tﬁaemnh.ekrne ®f thd aa/ftm a%thaﬁm TW&ImRof A in iR tran
atoms and ser V4dg ofthe i fhfenmaa.ﬁem1a§ar+.aénumrg£athamt@@&tﬂe%ortv@ﬁtmdmﬁtf.nﬁtaﬁ\ wtor (gate insu-
di scharge ppweghg R thickdebs: 850016V4[088 A)l havildPihe VST, chirkdtetistiel ciive hlicdtéd syltsieeauﬁﬂnlmmnong
can be forned yudtt,bdgho&bﬁhsumshﬁggm power density range of 60 to 100

mV [err]. Any si ki t6®embddinient]eindel theSidrict witite fint 508 arkd itieN-fichih@adeFiim 608D formed near the
di schar ge powesemitefiduttbilayersns arelfongéd tytieapledas\OVly aphathe at tlRF dischdrge padlelidensilias of 84
si licon nitri deWidrarliae? my/cm? respeptivelynthede alicrh nitide filrg 03azhd503b candbe santimionsly forsned
t he sili comnsni bythaplasmalCDapatest t he i nterface with the sem conductor | ayer
504 may be f or medh the fiftreniRpdicent.csilicenanitfide/fibm haling sildrger oymbend silidan ploms andeerving pethe
However, a pr efatqingylatingdiine®0) isfaywedabihe RF discherpe gPWP't#ﬂsﬁtwam JompiHoweyet, thisgificon nitride
nitride fil m ifimzanbeformethwishin thedischame Powendpnsity fangeTaql 80 i 109 miemij Anyisiifeonfriityide, film
503a and N-ri cﬁ“ﬂﬁdWh'w@'sﬁﬂgﬁPfSMWmF FB\!‘"f“S’Fsl% smwm@a@m ti oned ste
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(101, 201, 401 5 I 5| a'?lh L Wbl rgs i
(114, 204, 404, 5 )wa f%pg Lovg&sféedlrd substrz'a“%"er gﬂ’ Insul ating f a mattero

(113,.203, 403, 503) pI aced on said sem conductor film and a palr of f| rst

el ectrjodes #£116, 117; 206, 207; 407; 506, 507) spaced a specified distance apart

in a plane andcﬁhﬁx:tri cally connected to said sem con- ductor filmso as to

formthe channel region of the transistor, and a second el ectrode

(112, 202, 402, 502)Atpindinetansistorwhich conspeises wi io$ulating subsiste (£i201 400.601).tnpmgingle-trystal sil-
bet ween itsel f ariconssemicqnductor ofilmf {1142044D4%0M) mikged abéves adid] substrgte, @heivsylatide film
pair and sea¥d secld1&ROBHEA0B)niRsed ent saldesawicondhiordins @nd @ delr & firsbpleairodesdt16(341:206,207;
formed on sai d 40407:508,503) gpaced gispecified diglanpe @partin aplapesrid plectaealy eAnpgcied to said semicon-
al um num char actdetorfilm se g5 to forp thg ghagn Teﬂ'a’h?flﬂmt@ﬁ?ﬁt%%ﬂi’ﬁ caid plfctiens(113202402.502)
titani um content RH“‘?%*%?"“HHF’E"!?%“ pilating film betwepn, itaeff ard said paje of dist plectrodes, of
according tg cl ai fp{dfirst pleptpdanals and sald sqepn de. 7t i9ast the gipcirods X eipptodppairdorned qneaid

out ofEy45 tlcc"'%?’i ﬁﬂﬂr % FAms PN AUBIYEai d substrate, and said
gt f t el t
D o | ook i <ol A AR £yl o3 206 PG b Gl S0 2 1 ©

itself and saig sggph clint icRarbdidriPadiinh AESHaR s@lon PGSR 1B Borrhéd f
claim 11, chgract egh Qin ﬂ&m:ﬁ#ﬁtzﬂalétfbst&te BAd'saib p o%ﬁt%@&ﬁ:%es@é’fgmfeﬂ’ﬁmgsaﬁ?dto

out of titani um codleRbtRkiSED sddiahdWitRaDBasbsidsaiig ilnPdnaid 8tEndsRoflodd 6a6h itself and
el ectrode is forngsetnayaednts] pair of first electrodes so as to sandw ch

at least said insulating filmon said first electrode pair between itself
and sai d pair &f Athinsflim ehresistor addarging t.claii4, fchdranteriveiris that said paic af dirstl elagiroties atd famied
2 or 3, chaseact erout efditaniomichatsiningealwuninumanisaitl subgtrdte, land saitl sacond blectode i farmedckbovs’said
filmformed in thmirotfisselecttodes soap torsandwick atieastpaid ilsul@b fimpn27id fitst eldcBdepaidbetween
sai d el ectrode oritsef ansiisaid dair gf filst elaghiodessi d substrate i s made of
titaniumcontaining alumnumwi th a titaniumcontent of 2.2% or nore by

wei ght. 5. A tfhi rATfilmisapsisios according todaim 2 a1 h gharaptesredjinthat sgid ingulating fimdg g sifiqop aitride
in that sai® i nsUfimformea in fhe substrate temperature range of,230;to 2807C; and paid gjectroge op glectyade palr on
resented by the sTSSUREREMaAor HagimpscontAing a'f‘ﬁ@"’ﬁﬂl"b’ tmyﬂ‘lc&'ft?’h‘t}fzfml%ﬂ“m by weight.

consists of o n_L,y Rinin fi][‘) ﬁ%’n@isg} :orcﬂng hg cli F{‘z 'cipaﬁa r?ﬁa W%fanlg Ba sjlu(::og r|]utnde

atoms, hystereSis charac pear o CHAHRS I'C cur

as shomn in Fig. 35. However, mhen the gaté4lnsulat|ng filmb503 al so has
the silicon nitride filn1503b whi ch has a | arger nunber of nitrogen atons
and which is fornmed at the interface of the gate insulating film503 with
the sem- 5 conductor |ayer 504. the [err] characteristic curve does not
have any hysteresis, as shown in Fig. 36. The thickness of the silicon
n|tr|de f|In1503b haV|ng a Iarger nunber of nltrogen at oms |s suff|C|entIy
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1,000 A)' 503a, the total thickness of the insulating filmis about 1,100 A
The ON current of the thin filmtran- Eﬁbﬁﬁ?g the fifth enbodi nent is
sufficiently largerthan that of the conventlonal thin filmtransistor (gate
i nsu- 10 Iatlngfllmthlckness 3,000 to 4,000 A) having the [err]
characteristi @sﬂ'ﬁff‘ é"?%?’ﬂ%‘&lﬁ Whea tha pateinspiatins fjim popsista W%s@‘ﬁ’BF'E“dEI%t'Q‘H‘éﬂ"g

line in Fig. : 'gj'}‘f"‘t’?ﬁ"%’“ SPRARMe tiypfpresia sharagterisy eaereat't tPﬁV ,. ticioprvesgp-shown
d the N W S Hig Rileiod %‘P’H‘Pd" s the ﬁl&rger
are for by | . '@;%F rr%faie not &f H‘% fF%@
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of 84 mN[errfo WA ! é;
503a and 503b4gaan g u
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Inthe fifth g séyarttmar L sg%nh@.héurat. X b ﬁf-lmq -
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RF di scharge panyaiin Gitiiebs! 8008 41088 Aalidg thé VLI “hdractetishic Surdd hdica®i by tﬁeral ﬁhtJ logM
can be for rTEdathh@éH&rtBé’hﬁediin&lﬁ%rm power density range of .60 to

MV [err]. Any sid this @mbstinkent, Gificelthd SPriEtOWIRELIiIMISOEA divd tHaiNsrich arie filad S(Bhfbrmed near the
di schar ge powssmicdadustoilyyerss a foimel by iliepRADOYD apphrhtagat theRF discharge boweh dehsities@fg4
a silicon nitminmbeRaddehawicmg respdctivelycthese silidoe hitridé films 503a gt 508l aanbe @nithuasly frmel
as the sil#coby the plasmd€VDiappardii33b at the interface with the sem conduct or

| ayer 504 nay bdn thefiftteainbadiment, arificah niddedilny baving wiargetimimbertofsilisbn dtdras ant\sgreing 4s ther
nor e. Howev er gateingylatidadina§3 is fatinedaitithe Bedissharas ponendenstyof B4mWiciot: Howeyerithis silicon nitride
si | i con nitrithe oep beformed yithip fhe digehatgp pewns densitorangesf Plie 1P0 mWea?. dny sificep nitride film
ni tyide fil m ompd withipthigrange of the dischange power densitichias Ahigh preakdeymveliage., t he

af or ement |’6ned é‘t’é’ jtiony a $ilicpnpitrde film vgraeewﬁﬂymt’%tﬂ'ﬁ 'ﬁaf%sﬂ °"’ ége pmg‘{P"ng ride
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211 0201 ot Ogn AR elim g el | Gk %J;

e dr nl: ninve d r, mfentinventron

a fhatter of

transi st or whi E*&q;‘faﬁﬂ}fpﬁc’iﬁtétoas&gbé?&“ ahd? tand
non-si ngl ecr ygdyse, SI'I'- 1con sem conductor fil m 114 04, 404, 504) pl aced

above said substrate an insulating film35 (113, 203, 403, 503) pl aced
on §al d segi conductor film and a pair of first electrodes (116, 117;

206, 207; 407; biMmd07) spaced a specified distance apart In a plane and

el ectri cal |y connected to said semicon- ductorfilmso as to formthe
channel regi om OAthinHilm tranaister vilcb compeises aminsiating substrate (101,2010(, 501 X a AQPSingRr S @LS]!-
pl aced so as to isendceicinductor | film s (114:204404,504) | plecédn gbdve | said substrate, an siedufatingn fiim
sai d pair #f fir13.298.403,508)hiaced of saidsenticénduatar fil, @ud & paireof fieal electrordés (U6, 11726866
el ectrode, at | e4PI1506.503) appced @spatified distaice @parijoia piped and plestrigally egpnegiad i said semicon-
substrate bei ng fHsEfiMEc 9t form thpchennel repipn of Gredranaiptan @nd a sesendalecteade (182202402.508)
said titanium coPl‘E“&i‘?H %ﬁ"&‘ﬁ'?’tﬂi least aaid lsyiating,fiim batweey)jtselfand §pid pairof first elegisadas, g
wei ght. 2. A t hiaffistet %H?E padsgid s%?&'t"g?f‘aﬁ“lrr“i’ 'Bas&‘l"%?'?ﬁ"i“e ok flegtrada palr foread op #pt

that\;al d €econd® "hgf Uq Faiymsepnig(ping glumi titani um containing
| d® f d
b o o e a2l kil SR 0B O T

filmon sai d $eCQfhithGie 9,9' Sl 1, ok .ém 13 SRS b BRHRd ot of
A thin-filmt ranﬁbﬁt&&n@mﬁeﬂmﬁaﬁ L bt ands asﬁsr:ﬁiuz&.ddésrsf& 8 aboibloth sec

pair of first el GalelefbRs scHso daRdwith @t |dat said insulatibi HirUn shid $e3bHd'\dIbtRiAB betivabh Rebif and
al um num on sai dsgidHasdnt aib@rodeanNd sai d second el ectrode |I's forned above said

pair of first electrodes so as to sandwich at |least said insulating filmon
said first el ectAaﬁimnpararrs:sbehmng iotciai f, chapabieBizeiddh thatisaid péir df FirsSélecerbdae bredahnsd
4. An-fli# tr anaitsttitahiumecomginingauniremain aaideubstrate, 3nd saidas@od eectradeds formet! labdve said
sai d insul ati ng pairdoffirstelestreales so@ete sandwich ekdeaStTsaid insulating filnmoh eaidiiirel eleptradh gair between
substrat e tenper itdelfians said pgjeof fifst d@Podes 270[ err ] C; and said el ectrode or

el ectrode pair on said substrate Is nmade of titani um contai ni n? al um num
with ati tanl ém Axfimdrapsisgigr agcoming do claifp 2 er 3 phasacterized ingthat said inppigting fiimyig a silicon nitride
transi st or®¥accor tmigmedin ge gutgirate tsmparature mnpe,ef 280 to ZEAIC;and saiplectiade gr plertradepalr ery
filmisa sili cons‘?ﬂ substrate 's:?lf"°°""ﬂ‘-'"'0‘°‘l{'§a8""$6'!’"'8'imW‘FWWU?‘H@H"‘H{Z‘W{@’ RUHRYMeghle

tenperature r of 350 ¢ 70[ err sai d.ele or. el ctere al
on the subst 1 B xR rord i A apitret B e e ¢ Sl e
content of 4. 2% or nore by weight. 6. Athisa-filmtransistor—accordi-ng—to—
claim1l1, characterized in that said insulating filmls c met al
5 oxi de layer fornmed by anodi zi ng the surface of sliﬂiﬁﬁ@jwiﬁ

el ectrode pair on said substrate and a silicon nitride | e

metal oxide layer. 7. A thin-filmtransistor according to any one of
precedi ng clains characterlzed by further conprrsrng a blocklng Iayer on
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10 8. Athin fil m transi stor panel using thin-filmtransistors according to
claim1, which are arranged in a natrgﬁogﬂ”% gy substrate, conprising: a

plurality of control signal Ilnes whi ch are forned so as to extend in the
row or colum direction and which connect to_the second ctrodeei of said

h fil {n&ngaqul tha t% 70° rode pair on
anal s Lo car FEFAA s EWW Brirarigigin . P L e
Ich are for S, to er>%ten [ oW e . a%m ;"l an..and. g
connect to OngEON?‘déig E‘}o}{ an lzm EE% s% dF raéle "i jo’;’1[;gstralteandt}aal

transistorg on Agic OV hit Tl
J tride |
thin-filmtransi s!torsf ¥ ransparent pI xe eI ectrodes V\/m ch are pl aced on

sai d substrat @ SRuinh Safeiich BBARG 1oldhy 85 of pleBsling iclit) chbbtilizedY further eJmphm
transistors and pHdR§iafer o \afalsediBonkibtebr Ak 38 bs @sepdritd bald Phif of Aist didcirsdes MbrE 6dch
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