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METHOD OF PRODUCI NG THE TRANSI STOR, AND DI SPLAY DEVI CE s BACKGROUND OF THE

I NVENTI®N 1. Field of the Invention The present invention relates to bottom
gate thin filmtransistors (TFTs) for use_in liquid crystal di $HES&y204 CD}
devi ces and organi c el ectrol um nescent di slpl ay devices. The invention also
rel at s of producing the TFTs. 2. Description of the Prior Art
Hydrjﬁﬁwgmmwnﬁmphous silicon (a-Si:H TFTs are widely utilized for

SW t men

S in |igki |Gl V] i nce they can be 1s
accur at el Ybri cat ed oﬁ%@%ﬁ@:@ﬁg@gﬁ%ﬁﬁt*ﬁgﬁ@ﬂﬁm ow t enper at ur e
process. There are t of structures for a-Si TFTs, a top gate
structure . and a bM@ﬁSQétﬂ%W@IN%@HEE‘W&STQRtAN@ has a
drawback that the interface between an a-Si:H thin elm which is later
formed into the 20 channel, and a GHSPLAYIDBYICE filmis often
contam nated during the fabrication. In contrast, the bottomgate structure
i1s advantageous in that, since the a-Si:H thin filmand the gate insulating
fil maxe successively produced w thout being exposed to atnosphere, the
perfornmabice of the TFTs i SBA@KGROUIED OF THE ROVENTISL an and t he
electron nobility is 2s larger than the top gate TFTs. Thus, for sw tching

el ements in |iqui@eld dfithe PRemiiit 2 crystal display devices or the like,
bottom gate TFTs axe advant ageous. Bottom gate TFTs have two maj or types,

etch stopped tymeagge ”E‘ﬂrex%i ] }ewges(%snoot&g%ﬁrg{lge?rs@%aﬁjﬁgtcgngg (r)llf_lsel

etch type). Channel “etch type require l'ess !

type bott o oare 1ot '28, She BuRbACeRRRL, HERIE EhaPLcRePien cad oramaie |
herefor e, SURMLRRELRERSL) kst RIS RRNAGGLensl Adl boe o
tep of N he b B RS T S Cose. | W ih reforence to these figures. a -
fabrication procedure of a channel etch type bottomgate TFT is described

below. A gate electrode 62 is deposited on an insulating substrate 61 to a

t hi ckness of 20 m by sputtering and thereafter patterned into an i sl and
8. Bescgptign of tile lgrior Art P :

Hydrogenated amorphous silicon (a-Si:H) TF‘Ts are widely utilized for

switching élements in liquic} “crystal display devices‘ since they can be

16 accurately fabricated on inexpensive glass substr‘ates by a low temperaturé
procéss. |

There are two types of structures for a-Si TFTs, a top gate structure

| and a bottom gate strucfure. The top gate structure has a drawback that |

the interface between an a-Si:H thin film, which is later formed into the

20 channel, and a gate insulating film is often contaminated during the

fabrication. In contrast, the bottom gate structure is advantageous in that,

since the a-Si‘H thin film and the gate insulating film are successively

produced without being exposed to atmosphere, the performance of the

TFTs is not degraded by the contamination and the electron mobility is

25 larger than the top gate TFTs. Thus, for switching elements in liquid

IR
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by phetolithography and etching (Fig. 7A). Typically, the gate el ectrode 62
15 is mgde of an alumnumfilm ox a layered filmnmade of an alumniumfilm
and a fijlmof a netal having a high nelting point; such as tifgrq,#]ng&
Subsequently, an SiNx film which serves as a gate insulating Ti Yis
deposited to a thickness of 300 nm by plagm enhanced cheni cal vapor
deposition (PECVD), and thereafter, w thout exposing the surface to 20

at nosphere, an a-Si:H film which serves as a high resistivity

sem conductor film64, is deposited to a thickness of 200 nm by PECVD.
Then, an n+ caystalgﬁlﬁplafx dewices eertheslike, hottom rgadiesTFIst gre exdvaortdgedoy.
film®e65, is deposited to a thickness of 20 nm by PECVD. Thereafter, stacked
| ayers of t Hothoghgates T8 Tsy hayestmo anajhctypesf iekch Gtopped ttypel £44 Zhanne]
resistivity sem conductor film 65 axe processed into an island by 15 DEC

2004 3 phot @itch ltgpe daley refetrreidcty By HackochAR el é‘eyhﬁg@%nt Chanfhel QUEK ¢ypE ai n
el ectrode netal 66 is deposited by sputtering (Fig.”?(C). Thereafter, a

resist 67.i SEDakefuicFilgss %Ebtorﬁﬁgk@ﬁ'n qae%aﬁchﬁohg,sfa%ésmhﬁﬁ%%i&Bﬁﬁé@phy

and etching in a portion thereof 5 which is | ocated above the channe

201 on. INCtepd HTs. | MPbOAKES LBbRKE] KiaPRLRPBMEROEa d 8% dRufiheREds

with the use of the sane resist pattern to anne

This step i $,980812h ]@Iﬁr S8nko h l. etch step. bsequently, in
order to pr ot ect tfshef %331% ccgnne% ceis%b;%élgi g@&t%ﬁ%rero_c negt,%ﬁa%fﬂ% EB%HXJ
nitride fil L a. passivation film i S deposited to a thickness
of 300 nm b%@ﬁ@%ﬁ%ﬁ ’g}lcgg S Z’ﬁ#’ﬁﬁnégv? T8SAREYti ng a pi xel el ectrode
is opened in a pyedeterm osition in the passivation filme8 b

phot ol i t hogr aphgﬁ%%d%ét@nig ﬁgﬁﬁ‘?’?{uﬁ?e Propyctigncpraseas of. a sipavare) @CiTFSEPe

| NVENTI ON ver, th r egoi prior art method has at |east the

f ol | owi ng E‘B\é\ﬁPM?&? ﬁﬁﬁ@aggi‘gﬂh&ﬁmﬁ%ﬁﬁwn@u‘éem Hhstraldngtanatert ofcthe

et chi ng_sel ectcb\é/qe, rati o between the low resistivity sem conductor film 65
and t helhi gRTIRGIQY Praceseni c HYidhcwsferencen ta thesarafiguresemetfahricatiomused
in the 20 channel etch step and thereby the high resistivity sem conductor
film 64 i s PERfSHyEe 9bpychanned ¢teh type bottom gete AFT mndesxilsdd beloy.

sem conductor film®65 (k'ig. ?E). \Wen such overetch occurs, hydrogen in

t he back channef, galiei electrodeofipaisedepdsited anSan!inshildtingi subsighte 81dto a

etching danmage is caused by which the filmuniformty with respect to the
vertical ortlackaessoof 200t 16 shuttering dedr tihedaftéhetaiidiitton®desland

deteriorates various TFT

by photolithography and etching (Fig. 7A). Typically, the gate electrode 62
| 15 1s made of an aluminum film, or a layered film made of an aluminum film

and a film of a metal having a high melting point, such as titanium. |
Subsequently, an SiNk film, which serves as a gate insulating ﬁlm'63,
is deposited to a thickness of 800 nm by plasma enhanced chemical vapor
deposition (PECVD), and thereafter, without exposing the surface to
20 aﬁmosphere,. an a-Si‘H film, which serves as a high resistivity
gemiconductor film 64, is deposited to a thickness of 200 nm by PECVD.
Then, an nt+ a-Si‘H film, which serves as él low resistivity semiconductor
film 65, is deposited to a thickness of 20 nm by PECVD. Thereafter,

stacked layers of the high resistivity semiconductor film 64 and the low

25 resistivity semiconductor film 65 are processed into an island by



1 4 15 DEC 2004 characteristics. For exanple; the field effect nmobility of
the TFT decreases to about half. To reduce the etching danage to the back
channel) if the filmthickness of the high resistivity sem conductor Iilm
64 is increased, the 5 time required for the filmdeposition 153 DEC 200
correspondi ngly increases, reducing efficidency in production. n the other
hand, if the deposition rate is increased and the deposition tine is.
thereby reduced, filmaquality is degraded. Tn other words, both of the

appr oaches hagv r.obl e the former jncreases fabrication cost due to an

i ncrease in 8 E@?g¥ Pﬁﬂungdﬁhﬁe73 s the latter degrades. production
yields and TFT characterlstlcs Therefore, the prior art nmethod cannot

achi eve effi ci effulsequentiyora oSothie‘:’dnmigablaeofE&é whitd] 6f fis CHEpbdived b
function in high resolution display devices in which noving pictures are

di spl ayed. Aputtedimg! (Figi7C)i s Thefrbsifter,0B] R&ist0B7! ft€chitege Mg
provide a 15 nethod of producing a bot't om gate TFT %hat asg“\gjes t'he A&T df

foregoi ng angefidielis PloeRlcA By ﬁh&ﬂﬁmﬁb l?%yanéietetélﬁngnéf%o?}grﬂghe\;chergf gthe

invention to provide a liquid crystal vice an“organi €

el ect rol im REsERNE 19bSRIENbERVIEE chﬁn‘ﬂ@ Q e m%gﬁtew#}%q%?tr?%%tﬁftf he

invention is applied. These and ot her 0 ects axe acconpl

d h I nbod
i oh 1ol uie e b eI 693 '&%E%aﬁmtﬁif 45 of Bbe FAHEF revat prPGIRdgpet
of the '”Ve?c}fnﬁ’:él?é%];e }i% ?]]p@ci gﬁﬂ a method of producing a bottomgate

thin filmtrans e steps of: formng a gate el ectrode on
anlnsulatlngs str e25for telnsulatln filmover the gate
el ectrode %%ts S:Sg‘?%rﬁ'ﬁlﬂgrg% sfto %“—e%ﬁbéﬁ&@ge‘@h stebn filmfor a
channel over ths gate i nsul ati ng elm form' ng a second seni conductor thin
filmfox a sour PHPSRAUEREYalth A¥dgh di0 PEetert rtdye baek cdwawned expdsed By |tine

processi ng stacked |layers of .the first sem conductor thin filmand the
second ¥eni SERERE & Sibieem nitride {8y gexvingeas arpassivation film 6Bandeposited

to a thickness of 300 nm by CVD. Finally, an opening 69 for connecting a
pixel electrode is opened ip a predetermined position in the passivation

film 68 by photolithography and etching. Thus, a TFT is completed.

15 - SUMMARY OF THE INVENTION
However, the foregoing prior art method has at least the following
problems. In the prior art method, due to the fact that the etching
selective ratio between the low resistivity semiconductor film 65 and the
high resistivity semiconductor film 64 is small, overetch is caused in the
20 channel etch step and thereby the high resistivity semiconductor film 64 is
considerably etched in addition to the low resistivity semiconductor film 65
(Fig. 7E). When such overetch occurs, hydrogen in the. back channel,
which is composed of an a-Si:H film, is lost, and etching damage is caused
by which the film uniformity with respect to the vertical orientation of the

25 film is degraded. The etching damage deteriorates various TFT



subsequent to the step of processing stacked |ayers, depositing a ~o
source/drain el ectrode netal over the stacked |ayers of the first

seém conductor thin filmand the second sem conductor thin filnt q@gri g a
regi on of the deposited source/drain electrode netal, the regi 9 ﬁ&

| ocat ed above the channel, in the depth di4ection to expose the second
sem conductor thin film whereby a source el ectrode and a drain el ectrode
are formed; and etching away the exposed portion of the second

sem conductog. thin 15.film,in the depth direction with the use of a
non-i oni'c exéclfatr@ﬁ{'?b%te?%s n#.%r PR IR, es%&rﬁ@ﬂ.eﬂwm@lﬁm itbat TR deeréammbs

non-ionic excited species are used in the 20 etching of the second
seniconductdW’?bﬂthsﬁh1for the source and drain (so-called channel etch).
The use of non-ionic excited species reduces etching damage to the back
channel because Theregueet the seiohing damaget toctind esadletHan il eGET tige f#Bhd.
Therefore, the production yield increases, and reliability in product

qual ity of tthéclmessuct dhe Haighe ke€ibeiRityobs @RI R R Fand %@aié@ﬁéﬁéaitsgﬂé@ggs
(0]

According to a second aspect of the invention, the fabrication ne of

the first agpeet & t nl R ; hESs,! Jng DEC
e first aspmetramyré® for'thet iBh &é}%s’i‘ﬂﬂn'&?ﬁ%srﬁ@églﬂg%bs %%%gés',' educing ~

2U04 6 generated by bringing nol ecul'es of a nto C

W in o, et cldioshed oy SbRSEER ' COLUANSRRBERNLND. 16 LSRR St 1

nol ecul es of the chem cal substance.

catal yti c CYhedc2ebAi 9HE # Hﬁ:ﬁﬁl . Possi bl e to produc | ar ge .anoynt -
of non-ionic excited sgegllléeis tlglnrrpE]T“g e%w ?ﬁ?ﬁ?ty %Fﬁu eE)‘gi &1%,‘3}444?’%%
met hod (conigaehs o] sikion ctio od), few.onic excited species
are gener at e%.%}??&%s nﬁ%tée%m? h8{°§§ﬁe'*’ﬂﬂ? g{ffﬁ% epprofehes, haveapreblsmy: athe
herein are iLncl ude npol ecul es conposed of a single el ement, such as
Hz mol ecul es. |%r£{gc(§'8?§?%gaeqr catin, cost ‘i%%g%ﬁndmweilﬁmwwﬁmmmtmaod

of the second aspec be such that the non-ionic excited species is a :
radi cal .f(?Tn@vﬂ](? -eg%nqtb@nzgf&ﬂ’ e‘ie%rﬁééﬁeﬂlfoqwo@ab’selﬁav@nd afB@ cherapteristics.
Accor di ngl Y e300 et %gl ng effici enc%/ can be obtained. Therefore, the use of
radicals is &gé‘? F&bitBe PTIgEcarlyimethadl £ansot tachieye cafficientth@roduetion oof

t he net hod gf the third aspect may be such that the nmetal is selected from
the group cBAEPH igdde of Flanykieh suffislentlynfunctighdenhigh wesalition dikplaynum
and thoriu or is an alloy conprising at least two netals selected from
the group cefEces lm@vh}ﬂhtmﬁmctpmwamphyeﬂbdenum vanadi um pl ati num
and thoxium 20 These netals function as catalysts in the

* cont act - deconpoAreardinglyadt iimrm fifheobjevetaf] theapeedvirf RivalltRDes 3489idd 18y
- have high nelting points and can be heated by electric resistance heating.

O thesé nmewgtbod plipysdecinigsa pattone gase W%tﬁi@éﬁbh@'thl%&é&nﬁ%ﬁﬁé&e
0g &

tungsten has the highest nelting point anong all the netals, erefore

g ot {6 Lasdnampcats s hen g
sem conductaiguillecrystal display device and an organic electroluminescent display
device to which the manufacturing method of the: invention is applied.
These and other objects are accomplished, in accordance with the present
20 invention, by the following embodiments which include a range of aspects.
Embodiment 1
According to a first aspect of the invention, there is provided a method
of producing a bottom gate thin film transistor, comprising the steps of:

forming a gate electrode on an insulating substrate;

25 forming a gate insulating film over the gate electrode;



characteristics of the TFTs are not degraded seriously insofar as the
anmount 0{] the contamnant is little. According to a fifth aspect of the
inventioh, the nmethod of the fourth 5 aspect may further conpli$egp 200
subsequent to the step of etching away the exposed portion of the second
seni conductor thin film formng a passivdiion filmconprising a silicon
nitride filmin such a manner that the etched surface is not exposed to
at nrosphere. Wen the surface of the channel is exposed to atnosphere, the
surface xo cont afn' nati'ons&gcur s).whi ch causes the degradation-of TFT
charact eri sti cs. IEGHDEhR SL¥st AcgRiconductom Eline sl fo1t hathatmeelsavémthe afatiehe
channel be protected by a passivation filmso as not to. be exposed to
at nosphere. ll"r‘?“i‘h*énﬁrfﬂ%nt i nvention, the channel etch may be perfornmed by
using a contact-deconposition reaction apparatus that can also be utilized
fox the 15 for neforarngfatdeeopd ssimironductor thinl ABLeRr at BuRRSShHaL i gRLi 1 m
can be successively forned subsequent to the channel etch, and therefore
t he above- deserithedirstiseariconductde thas iffln;r eal i zed. According to a sixth
aspect of the invention, the method of the fifth aspect nmay be such that
the firss sem cqduesnetdhekdd ' [ [ ; risi.nge=silic and
i1 glothdkdd 149dr8 oF {Hdl frdt 4e%1%9n88%r g:x%lgfﬁfna (ﬁ}lcgﬂﬁe

t he secpnd sgan‘iconductor thinfllmlsath|n$mcorrpr|5|n . ( an
For B sem conchad op 2cb 0o RAG| SHaed ST h e AnRsguh i SRR hin 111 m
oL cheoont i ns SRugsiNaR: DL hey! BF ABLEILAG LSSl 5la, Sl Euabl e b
use of i heseouierdEitl AebtiBlte  HReB” Ers e Stoskedcdnvers nohi the  Best

filmmy al , cordi n .a sevent h aspect of the invention, the
met hod of t%gn}é?%ﬁ?%ggg nﬁg@“%@g}&%ﬁe? sgmpicongducieothindilmi ses

anor pho silicaop.,ar 5 polycrystalline silicon. According to an eighth
aspect g‘? t he iﬁg@ﬂ“ﬁoﬁ,mﬁ ‘énrﬂﬁﬁb‘d deposHeds sourcelsapin telpetyofe metal, t that
the non-ionjic .excited sgeci e%?ié(s a non-ionic radical. According to a ninth
aspect of tﬁ%glpﬂa@dpgéﬂ,atﬁﬁea eride dranned, n the depPe diraviipnf tor éhesse the
~conprise, subsequent to the step of etching away the to exposed portion of
t he second §“eﬁﬂngoﬁ%’é§<lﬂdl%%9h thin filni,omhiergby passicmelantrddd andoap@saa of
a silicon nitride filmin such a manner that the etched surface is not
exposed to ﬂeﬁmﬁ(ﬂl@.fomdi dhdg to a tenth aspect of the invention, the
nmet hod of the second aspect may be such that the netal is selected fromthe

group consi sti ngtching away the exposed portion of the second semiconductor thin

16 film in the depth direction with the use of a non-ionijc excited species to

form a channel. |

In this fabrication method, non-ionic excited species are used in the

etching of the second semiconductor thin film for the source and drain

(so-called channel etch). The use of non-ionic excited species reduces

20  etching damage to the back channel because the excited sbecies are not

accelerated by electric field. Therefore, the production yield increases,

and reliabﬂity in product quality of the produced channel etch bottom gate
TFTs remarkably improves. |

According to a second aspect of the invention, the fabrication method

25 of the first aspect may be such that the non-ionic excited species is



15 tungsten, tantalum nolybdenum vanadium platinum and thorium or is
an alloy conprising at least' tw netals selected fromthe group consisting
of' tungsten, tantalum nolybdenum vanadiwn, platinum and th‘o ium
According to an 11th aspect of the invention, the nethod of thileﬁim
aspect may be such that the nol ecul es of he chenical substance conprise 20
hydr ogen, ammoni a, or a m xture thereof These substances are easily
deconposed and produce radicals when they nmake contact with a netal heated

atvant ageoud Lo a1 oF P sl polp e i hepiel Sbohine mtegcaaat with

aspect of the invepti th thod of the third 15 DEC 2004 aspect may
be such tha’?1 Fﬁéaﬁﬁﬁgﬁ%m eﬁ%\cg‘fl(gaqesmtagcwa@gw)@ntq degomaposeriier mpdeculasgiofal s
do not etch ﬁuc netas as alum num (Al) and titanium (Ti) and therefore,
the sour ce/ dP&ichemical subrtamseal made of Al, Ti, or the Iike can be
utilized as a mask in~ the channel etch. Fox this reason, 5 the
above- descr i bed This Hebricatiguvmataab atilidessa atalpas iOVID e eBbTuevARY thikdE T
fabrication. It is noted here that a technique of utilizing the
sour ce/ d¥ ai it gosgiblede peodicas dargslancutl $€1055hi0 JARAIESH E?é@ b |
Pat ent Publication No. fi-30397. This techni que enpl oys CH4 ox ﬁl s for the
et chi ng gassangleCregf@pmiche. Saw ighD i@l eRis" t X9 for
gdg pleCregfutyp I GRIdEtishD igl ¢Rid %?h@a %onézpﬁg&?%gﬁgsﬁ?on ,

the use of Cr is that, when a netal ot her than I'S use

" sour ce/ dr ai pesdtis hABod) NRwS BHiE YR cgefst %E‘?ﬁ%@g?@;gfﬁﬁgiﬁggﬁtﬂt

NFs. The above-described method, on the ot .

a0 cals, anh taeiaiace oF (AR°oidRia UABRIS SHelkls SOTESLLL T oL REly 00
L7 2SPecoulg oouloeh I3k o ISP il S, ongalRlooer rodi el
ser conductor 1A PE Y0 PEGd Renhf ohithe dPeentiphotie Brotbadianiheiesrond t he
ot " deqr ade TACkEYY by SR Fhe miGy EeaicsReithd smecibsck sreadinel. ot nod ot
the 7.3th aspe e.such that the no nic hal ogen radical is a

may _.b -
fluorine radical> D#L}Bf’f%gx?lﬁ EHFQeéxéag’éﬁfsr have large emereyf oAceredipiely, a

desirabl e 25 e«'eté tive ffia“ 01is r%I atively_ easily obtained between netals,

such as th&o? ching emciency can be obtainéd. Therefore, the use of radicals is
preferable.
15+ According to a fourth aspect of the invention, the method of the third

aspect may be such that the metal is selected from the group consisting of
tu-ngsten,. tantalum, ﬁ&oly-bdenum, vanadium, platinum, and tho'ﬁum, or is
an élloy comprising at least two metals selected from the group consisting
of tungsten, tantalum, molybdenum, vanadium, platinum, and thorium.

20 Thes-e metals function as catalysts in the contact-decomposition
reaction. These metals are preferable because they have high melting
points and can be heated by electric resistance heating. Of these metals,
tungsten is particularly preferable. This is because tungsten has the
highest meliing point among all the metals, and therefore hydrogen gas

25 can be very efficiently decomposed into radicals. Further, even if



15 DEE€ 2004 10 ones used for the source/drain netal, and silicon, which
forns thﬁ sem conductor thin film According to a 15th aspect of the
inventioh, the nethod of the first aspect may be such that the step of
etching is such that the excited species %,is generated in a hbdtweibe

pl asma generating chanber provided in isolfation froman etching chanber in
which the etching is perforned, and fromthe generated excited species,
only non-ionic excited species are selected and introduced into the etching

chanber. Th i S i t hat axe.geperatjed by .a plasmg generating |10
appar at us cgent gl nalf%hni @ﬁéggfe[ned%gﬂg%ﬁnég?&ﬁndhﬁe %Jéﬁ?% seaicendupiori edhar e
accel erated QJy a difFect cgr{ﬁant ectric field conponent generated in the
pl asma generating apparatastter $ o7k nathedagradadaseriously iosofai ms thei c
excited species i fl ed fox the channel etch, etching damage is caused to
t he channel .a‘?ﬂ“{‘ﬁs %W%W% I#glenod, however, only non-ionic ~5
excited species are selected to be used in the channel etch, and
accordingly, t heA*('é’?Eﬁ%lﬂédt% pelifthsaspest ot thecirvleativng dheymetltodliof €Bb fouFfENt
el ectric field conmponent. Thus, etching damage is reduced. According to a

16th asp@ct aspeethmanfertheomonprisepstbskenith® IR Btas B?Qe‘bc}iﬁig g%aguﬁﬂa
ifonic 20 radical.

that the selected non-ionic excited species is a non-ionic

According t exposst hpaspeet off théte sbentll kiBicoiet T RG ipt Moppdplifloagpect

may further conprise, subsequent to the step of etching away 't he ngs

portion of phesivacendike b i i ' %] ssivation hilm
ﬁﬁfﬂ 1204 stlftloh hithile ﬁﬁﬁ a%cﬁh%%%n%efrcw the

conprising a silicon nitride hlmin such a nmanner t

surface i s atthed@*AoF8eb 1Onat gpﬁ&g M€ 2004 11 When the etched
‘her e, ﬁttﬁeat(%%%aﬂ(é&? 3

surface is_exposed to atnosp eristics of the transistors
above. deacr i bed rarhont SActeR e Yhait LR RBEE £ P e rion the murtasy
nccor i ng. +oinepBfiof &cs RO raBPin e deerddatiareor 14 ehdrmstemstionnod
Form ng o gapbtBRdeARbRc s Eheferlly thrhBhe aBsiecacd the chonmehdoamimaed

insulating 11 m.over the te electrode formng a first sem conductor thin
filmfor a OhdhiAssiakion %ﬂgaﬁ% a8 29 o hg. exposed ftor mimgsphexecordt the

sem conduct or th}l‘n.fi I mfor }al source and a drain over the first
sem conductVreSERt nigvention, the channel etch may be performed by using a

contact-decomposition reaction apparatus that can also be utilized for the

15 formation of the passivation film. Thereby, the passivation film can be
successively formed subsequent to the channel et‘ch, and therefore the
above-described method can. be easily realized.

According to a sixth aspect of the invention, the method of the fifth
aspect may be such that the first semiconductor thin film is a thin film

20 comprising silicon; and the second semiconductor thin film is a thin film
comprising silicon and an n-type impurity.

-When the channel etch using an excited species is employed for a
semiconductor employing a silicon thin film or a silicon ‘thin film which
contains an n-type impurity, the advantageous effects achievable by the

26  present invention are more saliently exhibited. It is to be noted, however,



processi ng stacked layers of the first sem conductor thin filmand the
second sem conductor thin filminto an island subsequent to the step of
processﬂng stacked | ayers, depositing a source/drain electrode netal over
the stacked | ayers etching a region of th% deposi t ed sour cel BrECN2094 ect r ode
nmetal, the 20 region being | ocated above ©he channel, in the depth
direction to expose the second . sem conductor thin film whereby a source
el ectrode and a drain electrode are forned; and nitriding the exposed

portion of . em conductor thin filmusing a non-ionic_
ni trogen-co%pgltzﬁgépr%g%ﬂ GRYeR 19098 Jumited o the nee pf shessgemjconductor
deconposi ngljlﬂol ecules of a chenical substance containing , 15 DEC 2004
7.2 ni trogerHSonst 01 sramele mosidicangernpaniure thiufilm meytalsobenisedi ded
region) of the s 10 _second seni conductor thin filmthat is overlaid
i medi at el y abof¥COFENg{gmmepventmaspedticfthasnmentionpthe amthod of the sixth
ni trogen-cont ai ni ng deconposition product that is produced by deconposing
the nol ecul éspest amsyebe canck utlsttarthe silidoai RoAgpritds’ RARrFHAIP -silifort N6t
nitriding step of the above-described nethod, unnecessary nitriding of the
first sein conljierystallinemificdnun f ox the channel, which Iies bel ow the second
sem conductor thin film is avoided, and only the region to be nitrified in
t he second sem dederdihertof4d &igd tgl Wb fiied.y T far opd
transi stor characteri stgi cs ar egkgtglﬁi&%/%%.oqw%reg%&éir‘?lbﬁhgh%%ént%é’ ,ovﬁh%cﬁrsits
formed in agk r I Lt f 4 . i QN he. same tinme as th

Ot m_ﬂ? Hs et tHe A&l ibgQ e%p%g S%V%{%elsrﬁ PPRAPRIF ’ﬁ‘ﬁ?ﬁjvmi ch

formation of the nitrified region, 'S protec

is layered ther i thout. -hey XPo to at mosphere. Thus, .the

above- descri bedg%ﬁéﬁbr%n%mgg#% P %ﬁ?é’%?g‘erl@lvﬁ%’ioﬁ Es‘edﬁat}%‘f‘glﬁ’fltg?yﬁﬁt
TFTs. Japan t 45 di sgl oses hod i n i ch channel 20 25
oxi di zi ng or ic hcgﬁl%lg? %?g%ﬁéﬁfgeﬂssﬁsﬁﬂuﬁ}lgégﬁbp %ee plohing gway dpeof

the bot{f,om eEF'liJso.r {\C/)bre(t}sp cifically, this Rubl ication cliscloses a

met hod Tn which an Brsrpholls &8 i tesandi |servisarducios ihim- filme fermiamsad in
a plasriia containing..one. of a) oxygen ions, .b) both oxygen ions and

ni trogen i O;r?]ass%tz Faony tche%ia‘Eﬁ?( 8 Ayilcor pifride ilm i aananpepbas
silicon fil rgt?i q;tg é\n igful.,ati ng filmof an oxynitrided film However, it is
known that 19 ¢5884 siptace ismetexposed tapdmasphareie of a-Si:H, the use of
oxi di zi ng degr ?‘ges &he transi stor characteristics below the threshold

vol tage. Ther ef¢QTdRg £¢ gitegthaspeotaf the duvention, the viethod of Khvaetbed ess,
t he |3 15 DEC 2004 nitriding technique described in the foregoing '
publ i cat i orASPeet maybgsuch that the metat is eeleotad frvins the g U naaitned of
~obtain sufficient rate of nitriding. Mreover, a plasma contains a ionic

. deconpd§i t it¥Rggten temtaltm, molybderuonpeniddiom, pilatintim | snadGhRkRIAL 88 iHY
electric field .and collides vPith the 5 seniconductor film Thereby, the
silicon filan pllay edmpuisingeat kedstetwo metals selected from the group consisting

of tungsten, tantalum, molybdenum, vanadium, platinum, and thorium.
Accoi'ding to an 11th aspect.of the inverition, the method of the third
- aspect may be such that the molecules of the chemical substance comprise
20 - bhydrogen, ammonia, or a mixture thereof,
These substances are easily decomposed and produce radicals when
they make contact with a metal heated by electric resistance heating.
Therefore, these substances _are advantageous to efficiently perfofm

channel etch.

25 According to a 12th aspect of the invention, the method of the third



n-type anorphous silicon filmis danmaged, and consequently, the transistor
characteristics are degraded. In contrast; the above-described nethod of

t he pre§ent i nventi-on uses a non-ionic nitrogen-containi.ng deconposition
product, and therefore, damage to the back channel is littlg Sin the 1o
above- descri bed nethod achi eves stable tré&nsistor characteriStics.
According to a 19th aspect of the invention, the nethod of the 18th aspect
may be such that the non-ionic nitrogen-containing deconposition product is

generated b LNgd ted by electrigc.resistance heating into
contact wi t)ﬁspﬁgpgrio ec%lﬁggﬁg#a?ﬁ@e@ﬁgr#é%q r%ilﬁ%f%% yisogemeadieahg nitrogen
atons. This nethod,achi eves, .,efficient generation of the non-ionic :
" ni trogen- cont ai %%ro.gﬁchﬂéﬁéhi nﬁFdﬁ'@gt su¢hl mptalebys iatpnuwesn (Al) and
producti vi tg. Accor d@gg tQq a 20th aspect of the invention, the nethod of the
19th 20 asp&tRDREER -§Béﬁ5hﬁﬁ%ﬁ0r€,h@&mlamalth'aimbladhmdélma‘tahmasieb@ﬁﬁnGFi,
conpri se ammonj a.. Wien the nol ecul es of the chem cal substance conprise
ammoni a, t her 4B likmean et widljeed csrd aiasknin dke chpasiel etth. prPetichis feason
efficiently generated by contact-deconposition reaction with the netal

heated by 2thelboveidesceibedtmatitod éabilvantsAfeous’ RS Unkreddtfe Hrblhalivgy ;
proceeds swiftly. 15 DEC 2004 According afo%e a 21st aléepectggjfrbgiﬁgho&y n

i nvention, THE nabkizdtioh. t hgt 18t MoBsdEEbrd BNl 4 S i e i
sel ected fromthe gxoup consisting of turngstgﬁ, at g%étharpg%g tr?g lﬁggrg‘%{ﬁn&e

vanadi um pidxirca/dPainledtPodd WRtaPlas! S n@ﬁ'slgﬂo §Y§cuc§:sg@{ :'gﬁi] anﬁ%%é E%Sétmfnvt\e%

netal s selected fromthe group consisting

ol ybdenum PyeadbuBlichtish NUMe-dishd NOphiM JRSSE, Tl S of WAL Ok as can

excel l ent catal yst fox the contact-deconposi safor are

preferabl e §RCELISA/ echi lting points.and can be heated by
electric resist ancg&@i’ﬁ Pﬁg Cgtig?ﬁggeéor}lerggl aig Sﬁegcgf%qc'f* i"%et&é'rt&i‘é‘l Ea4spn
preferafyl e. Y15 kS be ungst en has the_hi ghest |.ti ng poi nt anong
all the rretfg-frgd,hcean etﬁﬁﬁe"{?gsr jet,?l"’l%’h & it o‘?thteﬁeﬂlﬂé v b %ﬁ%ﬁf@h@be .
cont ai ni ng | n. at are very efficiently deconposed into radicals.
Furt her, ev%hlglg?ﬁgg%gygﬁﬁg&é‘?’u SERECadATaiR; ﬁéc*é‘éoqen& siompagad by CHy or
sem conductﬁﬁ t.i:@ c%ar acteristics o% t he TETs.axe not degraded seriously

i nsof ar as the anBifPR deger mAathad: opsthe pther hand Aempldymdistdroge22nd

aspect of the.inventi %%;? t%ne r;FitShod of the 19th aspect may be such that the
fiTst semi CAARIToRne Hierefors Tisand (A are nsableofpr the soumieldimin elactrbie
second- sem conductor thin filmis a thin filmconprising silicon and an
n-type irrpﬂﬁ“? *Zt is preferable that the channel nitriding using the
non-ionic 20 nitrogen-contai ning deconposition product is applied to a
sermi ¢ or’r?juct or According to a 13th aspect of the invention, the method of the third
aspect may be such that the non-ionic radical is a halogen radical.
The use of halogen radical is preferable in that, even when a native
oxide film is present on the surface of the silicon thin film, which is a
semiconductor thin film, halogen radicals are capable of easily etching the |
20 native oxide film. Therefore, the etching uniformity for silicon does not
‘degrade.
According to a 14th aspect of the invention, the method of the 138th
aspect may be such that the non-ionic halogen radical is a fluorine radical.

Fluorine radicals are desirable in that, for example, a desirable

25 selective ratio is relatively easily obtained between metals, such as the



fril mconprising silicon, because the advantageous effects achievable by the
present jnvention are thereby nore saliently exhibited. According to a 23rd
aspect of the invention, the method of the 22nd aspect may be 1shiQBECtHgy t he
silicon conprises anorphous silicon or 2s polycrystalline silicon. 15 DEC
2004 J.5 The channel nitriding using the &8n-ionic nitrogen-containing
deconposi tion product exhibits nore salient advantageous effects when
applied to a silicon thin film conprising anorphous silicon or

pol ycrystalljine siligon. Embodi t .3 According .to a 24th aspect of the
i nventi on, t#;erse by e‘grfg&i gl%%l ﬁo%%r?‘g‘”%aw%i Aang |sHicemnsikichr formmgr itheng:

a gate electrode fqrnmed gn an insulating substrate a gate insulating film
fornmed over T8FRICGR c@refg’tméﬂél-xo a channel region conprising a first

sem conductor thin filmstacked over the gate insulating film a source
region and a dr @h¢rordipgiio endbthongpecsiafotle heeonibis el andueHosE Lhd Frdgk | M
that is stacked ~ over a region of the first sem conductor thin film

excl usi ve ofaspret srashhelsuchgibait-thiesstap sfbteking 8! S Q68 ﬁ{éden?cif‘é(f‘\%g cies
el ectrode forned on the second sem conductor thin filmand a passi £50h

filmconposdd génaratedi o niieiodavd IThbABHnOMthE ChANREL whsLaln 8

portion of the channel contains at |east one elenent”2 ['ect

group consi sgalatioal frod st Siehi nadi um ol atinum. and
thorium the portion of the ?ﬁ%%%%%rn?%gﬁﬁp%%@%ﬁ PﬁE@’rfx’rﬁSﬂé&d

1L A AP B A S BV

density of the at |east one ene sTIn't

to 1 x 10195313(.55&@&1513&@%%8%3?5gég\ég t.grglsc?ha e found that when non-ionic

exci ted species 1 suc Igener at ed, the netal
hested by el oo e HNSBEEDEIATY 43 SRR lmvoBoelt
el m whigh Eﬁﬁgfaﬂgecocn an Eiloilic excited species, and the ionic excited species are
accelerated by a direct current electric field component generated in the
plasma generating apparatus. ‘Therefore, when a plasma thaf contains
ionic excited species is used for the channel etch, etching damage is caused
to the channel. In the above-described method, however, only 'ﬁoxi-ionic
15 excited species are selected to be used in the channel etch, and accordingly,
the excited species are not accelerated by the direct current electric field
component. Thus, etching damage is reduced.
According to a 16th aspect of the invention, the method of the 15th.
aspect may be such that the selected non-ionic excited species is a non-ionic
20 radical.
According to a 17th aspect of the invention, the method of the 15th
aspect may further comprise, subsequent to the step of etching away the
exposed portion of the second semiconductor thin film, forming a
passivation film comprising a silicon nitride.ﬁlm in such a manner that the

25  etched surface is not exposed to atmosphere.



However, the present inventors have also found that when the netal is at 5
'east a netal selected fromthe group of tungsten, tantalum nolybdenum
vanadi un pl ati num and thorium adverse effects of the con i.nant on
transi stor characteristics are negligible_insofar as the a Epfaogkne
contam nant is an atom c density of from 11016 cm 3 to 1x1019 cm~.
Based on these findings, the above-described nethod of the invention was xo
t hus acconpli-shed. According to a 25th aspect of the invention, the bottom

ate thin film tywaps ect be such that _the thin
gem’ conductor thin fi F%Q:égéﬁf%%ﬁ\fg@?smg%ﬁ%% g&aﬁb‘ng‘?@ 46n thp ¢hagactesisding

sem conduct i i 1s.a thin fi conprising silicon and an n-type

i mpurity 1506 c‘%:l%r F%Sk%PSL%aﬁ%flﬁg‘%‘iféjcg’(§ﬁetq9?§tﬁlm%ft10@@f thaexposed sugfioe.
thin filmtransistor of, the 25th aspect may be such that the silicon
conpri ses ambrph Vesaﬁ"é'ébﬁ%rmﬁﬁh%rﬂl@t‘@nm rtdes ishicfaea . frisaib octnvamtirhtion,
According tg,a 27th aspect of the invention, there is provided a bottom 20
gate thin fiPfFePaiRPIeBnERIAshictiongrieldgand reliabilitydie frydiRd _

i nsul ating bstrate a gate insulating filmfornmed aver the gate electrode;
a channeP fﬁlﬁgéd@eatfzi rst sem conductor thin el mstacked aver the gate
insulating fil mmZS adisource and a drain each forned of a second

sem conduct or t Kiasofding to dn 518¥EC 22008ctl bfstRck is .y
sem conductor thin elm a nitrided rggi on in miﬁg%%g%’o&??%% lgéflslf%veld%%caond.
sem conduct arethioidnof igraddicizo 2eBottome Babel Nind Beve . nnel is.
ni.trided; and a sourﬁce elgc%?rode andd'c;zraﬁgrJ<911|¥1r111 g%‘cﬁ%é%g’a@ﬁw&m B]ﬁea
portion of Stdgseofsecond seni conductor thin filmexclusive of the nitrided
Fegi on wherein a portion of the channel contains at |east one el enent

sel ected from t harmgHrpH® g‘&@@%ie%ttf&%hgﬁ a %ﬁgﬂPg%ﬁ tsﬁrlﬁgm mol ybdenum

vanadi um plati num and thorium e portiron o finel bei ng adj acent

to a suid ace t heyreef i ; itrid region; .and the total to
atom c density of t%ﬁ@#?‘é%@@%ﬁ%@gﬁ%@p{@r?gei %?ﬁ&c,t of fromlxlpie

cma to IxIGs m:q... AcC dj .to 8t h, aspect of the invention, the
bot tom gat e ¢ hi fr']di‘ﬁl]glr% ACAPGIL AR R et S TASRES! £ a channel over the gate

insulating film;

forming a second semiconductor thin film for a source and a drain

over the first semiconductor thin film;
16 processing stacked layers pf the first semiconductor thin ﬁllm and the
second semiconductor thin film into an island;
subsequent to the step of processing stacked layers, depositing a
source/drain electrode metal over the stacked layers;
etghjng a region of the deposited source/drain electrode metal, the
20 ;egion being located above the channel, in the depth direction to exposé the
secbnd.semiconductor thin film, whereby a source electrode and a drain
electrode are formed; and
nitriding the exposed portion of the second semiconductor thin film
using a non-ionic nitrogen-containing decomposition product that is

26 produced by decomposing molecules of a chemical substance containing



transirstor of the 27th aspect may be such that the first sem conductor thin
filmis.athin filmconprising silicon; and the second semni conductor thin
15 fil m)s athin filmconprising silicon and an n-type i npurj 5\ESC@00¢ di ng
to a 29th aspect of the invention, the bottomgate thin filmtransistor of
the 28th aspect may be such that the si 1i &3n conpri ses anor phous silicon ox
polycrystalline silicon. Enbodinent 5 20 According to a 30th aspect of the
invention, there is provided a liquid crystal display device conprising: a
first substr Lsing a plurality of scan electrodes, a plurality of
dat a el ect ro’%tgfsb%%%tn&e{;og%ti ng the scan electrodes, a plurality of thin film
transistors prow.d at,the,intersectional positions of the scan el ectrodes
2s and the dat a\{[léll ng’r hove-dgsqmibed apefhodt aopertent fritpidad atégipnbfoft bhe
film 1 5 DEC 2004 18 transistors is provided at each of the

i nt er sect i ofgFORSsTamicaadugter thin film ithatols pvedaid|iechediktslc ciboget €fe t O
the thin filmtransistors a second substrate conprising a counter el ectrode
opposed to thangekds witsidedotsing ad Honaioni ¢ uhidradeyst et tahdinaide Bed pBeitREN
the first substrate and the second substrate; wherein each of the thin film

transi st Br s piredactoshabnisgpredtddd by |dechmPosirst AhedesslbhIRY a f
the foregoing 24th to 29th aspects of the@ianvriéntion. lo A nyéfé)fé1 Fﬁgﬁgg?fom

gate thin fishbstamesicohtdinifgsaiiregsni atdhe. abeyetR4t Hid09;29t pegt s, Of
the invention sufficiently exhibi tgt he characteri stelélc;s%lttr elﬁgugie; fgf e

T 1, 3 kol g eIy 1 A RRAAT ,
o O ! B EORCT 0 g AL 06 0 A0k Ao B3R Bl
com Lo 1 sl 5T SHhB41 4 SOV " Bl Vo YBloRE S LS e 2
Scan ol et rden RS T B RRrOalt 28Rided: Tl Beeabrooeodt amsietoen
Filmtransi gl arsidSstics are achieved. Moreover, the channel, which is formed in a
layer below the nitrided region at the same time as the formation of the
nitrided region, is protected by the nitrided film which is layered thereover
without being exposed to atmosﬁhere. Thus, the above-described method
16 remarkably improves reliability and stabilify of TFTs.

Japanese Patent No. 3191745 discloses a method in which channel
oxidizing or channel nitriding is used in place of a channel etch step of the
bottom gate TFTs. More specifically, this publication discloses a method
in which an amorphous silicon film made into an n-type is exposed in a

20 plasma containing one of a) oxygen ions, b) both oxygen ions and nitrogen
ions, and c) nitrogen radicals, to modify the n-type amorphous; silicon film
into an insulating film of an oxynitrided film. However, it is known that
in cases where the active layer is made of a-Si’H, the use of oxidiziné

degrades the transistor characteristics below the threshold voltage.

25  Therefore, nitriding is advantageous over oxidizing. Nevertheless, the



provi-ded at each of the intersectional positions, and a plurality of pixel
el ectrodes connected to the thin film transistors a. second substrate
conpri si)ng a counter electrode opposed to the pixel 25 el ectrodesi and 15
DEC 2004 19 a layer conprising an organic_glectrol um nescenty geggy i@, the
| ayer bei ng sandw ched between the fzrst d8bstrate and the second substrate
wherein each of the thin film transistors is a bottomgate thin film
transi stor according to any one of the foregoing 24th to 29th aspects of
the 5 inventy; . tomgate,thin filmtransistors described in
t he above 241%1(£th gfgéte foﬁlt"'égg%c? gg%?gbq‘ﬂéniﬁ]?\?efﬂ"?swngu?? pation yusesha mlasmiae
characteristjcs,whgn used for .swtching elenments in an organic

ol ectr ol um MALEH FIFRSG IS techriquegasmet obkeimsetfisientsratenshitriding.
configurati EN/} achi evesé‘?n organi c 1o el ectrolum nescent display device that
i s excel | ent™PFPAVEImE Prasipgbrentgpes £ ilonic BREEAEPDESOR PTbANCIOF THE ionic
DRAW NGS For, a nore conpl ete understandi ng of the present invention, and
the 15 advarfesgEposiarr@rodnef iy ecedeiaeddy shaerit didlAearid b Rileatwith the
descriptions taken_ in conjunction with the acconpanying draw ngs, in which
Fi gs. 1AStosemigoreducthenfilince cTheselsecthonsglicon fiims Biydad Jlrabsps afe 2
produci ng net hod of ~a bottom gate TFT according.to anple 1. Fig. 21s a
schemati ¢ vinetypshamionghans eilidonAlarid dirhhbed '
Exanples 1 and 2: Fi g.D 3 is a schemat id(?l%légﬁd’\rfi%e(gveg% %%téﬁgﬂggg?%%sg%te
TFT accor di ohatactExaties earb dég@dedd A Iho h i.G_CrLass; segtign

vi ews showi ng the steps of ggproc?lgléi r%l (r:ret ﬁgéifo %aﬁg%{et g?ﬁ%&%eed ﬂ—‘%ﬁnoa Oail
accor ding t hEAEBAL fveifibh ecd & oh-SHIE bz Bk AN" G 2100 NS om

exanpl e of an etching and
product, and therefore, damage to the back channel is little. Hence, the

10  above-described method achieves stable transistor characteristics.

According to a 19th aspect of the invention, the method of the 18th
aspect may be such that the non-ionic nitrogen-containing decomposition
product is generated by bringing a metal heated by electric resistance
heating into contact with the molecules of the chemical substance

15 containing nitrogen atoms.

This method achieves efficient. generation of the non-ionic
nitrogen-containing decomposition product and thereby improves
productivity.

According to a 20th aspect of the invention, the method of the 19th

20  aspect may be such that the molecules of the chemical substance comprise
ammonia,

When the molecules of the chemical substance comprise ammonia, the
non-ionic nitrogen-containing decomposition product is efficiently
generated by contact-decomposition reaction with the metal hea.ted by

25  electric resistance heating. Asa result, the nitriding proceeds swiftly.



nitriding apparatus usable for Exanples 1 and 2. Fig. 6 is a perspective

vi ew showi ng the general construction of display devices of Exanples 3 to
5~ and Kigs. 7A to 7F are schematic cxoss sectional views show ng the steps
of s a prior art producing nethod of a bottom gate TFT. DESCH P&( &or THE
PREFERRED EMBCDI MENTS Now, preferred enbddf nents of bottom gate TFTs and
met hods of producing the TFTs axe di scussed with reference to specific
exanples. In 1o the exanples below, a-Si:H is used for the high resistivity
sem conductor fiy -ty a-Si: H doped.with .phosphorus i sed for the
| ow resi stivi tyAschFﬁ' %%%dﬁ%taogfﬁ RiPeqt; Ofgh‘? 6n5%nﬂﬁﬂeig? &Beghcrffnwz\@e 19¢nt
the description. is fog ill sté‘r at 'bve purposes only The sem cbnductpx_ filnms
may be for mBaPF LA %ﬁ&ﬁ& at jhe raetaliig gelogtedi fromothy Erenp¢pngisting of

m crocrystalline silicon), anmorphous silicon gernmanium polycrystalline .

si licon ger HaRg3AN, tentalum seohthdanumavanadiingplatésiy,iand yhexmeomditt or
filmis also referred to herein as a first sem conductor thin filmor a
sem conduct 8% allinceémiprising at lehahhwb, matulstdededtod feemi tHd ¥idup consisting
sem conductor filmis also referred to herein as a second sem conduct or 20
thin filin osf tursgstenptahisiom, tholyblehtnd, oraxm &, GRASLYR, aka ARG,
Exanple 1 pertains to a nethod of producing a bottomgate TFT, the nethod

enpl oyi ng a chaBheke et afetalep fuhetibal nashYQhog%&céﬁ&‘ﬁtca'&ta%%tRe?%fEri to
Figs. 1A to 1G the details of the nethod of Exanple 1 axe 15 C 2004

21 present egbrtabPWechinpdhitich M&lﬁeﬁ%%%eeﬂdﬁ%% abe P?%f??%félteﬁ%c rﬁss%{‘hpgx |

i nsul ati ng substrate to a thickness o spu

Cl ectrode 2 el PR HoRS did bR Bt APy R e clotgBe Kelias
el T g poi O, HRSE] Berale, TWERPRAACH Rarfieitlly RANrRYRT | | Fhisue e Reitpes
Tror S, AR 0 et lEA0 S5 Sebl)  RRRAE syl ™
hi cknoss. oeapdiled SEgi <A GIRLREST Fontalmng fitrbeRo GHPBR ATeMPEE as
5y 55 SRR S i R ot Vi

t he high resi %tivitészﬁggi%gguctor, film4 and 15 the low resistivity

senm conduct@r R Bsempicppducton, the ghargateyjsties)pf thalKEHsane | v,
a souxce/drain, electrode netal 6 is deposited by sputtering (Fig. 1C). The
sour cel dr aifptdlegraded seriomsly insofar as the amptunt afithe coritanminbintiis dittle. -
| ayered filmconposed of alum numand a netal having 20 a high nelting
poi nt, Buch as Aqepr@ingrio suBsnduanpect of tthiesinvenpive, dhesirethdd icf ey 19th over
the source/drain electrode netal 6 (Fig. 1D), and an opening is formed- by
phot ol i t hogerpely may be such that the first semiconductor thin film is a thin flm
comprising silicon; and the second semiconductor thin film is a thin film
comprising silicon and an n-type impurity.
It is preferable that the channel nitriding using the non-ionic
20  nitrogen-containing decomposition product is applied to a semiconductor
film comprising silicon, because the advantageous effects achievable by the
present invention are thereby more saliently exhibited.
According to a 23rd aspect of the invention, the method of the 22nd

aspect may be such that the silicon comprises amorphous silicon or

26 polycrystalline silicon.



and etching in a portion thereof which is above the channel region. In this
etching step, the lowresistivity sem conductor :film5 is not etched. 2s
Subsequéntly, t he photoresist 7 is renmoved, and using the source zm}S DEC
2004 22 el ectrode and the drain el ectrode which have been f&fnB&C idtt'o
predet erni ned shapes as a mask, the |ow rEistivity semconductor film5 is
etched with the use of non-ionic hydrogen radicals. In this step of etching
‘the lowresistivity sem conductor filmb5, an etching apparatus of 5 Fig. 2
is used. A back hannﬁl i S thus.é.oamsd _élgig. 1F). This step is later
described in furtter CABPRPL  DEZIQIRG nesitge ther nRPRdenty pHEOgeRmmeRtainisg ng
t he apparatt#jzg of Fiﬂii 2, a passivation film8 forned of a silicon nitride
filmis for fEGORPOSTHMR REpsCE Axhibifist mowepsalinm edvastagedusy effacts when

thi ckness ~ of _.300 nm to Thereafter, as shown in Fig. 1G in a

pr edet er mi n8®DHGH: i th @hepidison athiopefilmg ¢omprisiveyl ayn ehrHousi t Sidgeaphyr and
etching. This opening 9 is used fox connecting a pixel electrode '

t her et hr ougipolyrirystalbinkatiticon.gat e TFT of Exanple 1 is conpleted. A
schematic plan view of the TFT thus fabricated is illustrated in Fig. 3.
Not e t hat FiEmbddinséxo\8 a cross 15 sectional view taken along the line A-A
in Fig. 3. Now, the etching step using non-ionzc hydrogen radicals) the

t chi t whj ihbl . (& t ¢hi00: - . :
i soussed [ n detar B e R o P PR B Rt s

used for makhRotRiReAINT brhsiE A W fofising® AS shown in Fig. 2, first, a
substrate 23 which has ﬁee%l subj é:@{)élgu%% the steps shown iri Figs. 1A to 1lE

is placed 'on a ich,al.so seryes as a table.
Thereafter, a vgc%luét?%eg%?n%%re?%%;?ég%\??@ﬁﬁ‘%%lﬁgisﬁésgréﬁtuum punp.
Thereafter, by . rafe heater 26, the,substrate 23 is heated to 250C,
for exanple, an %git%uwﬁgﬁg%n&ﬁ% fé%%ﬁe@t‘#&b?t%ﬁ??ﬁ‘&ﬁ $ed from an
ext er naj, power guc%pl %5 to a netal, wire 22 15, DEC 2004 23 conposed of a
tungsten wire havi r?é%e? SR SPTHTISIREUR #FSh sepnigoBduriar Bynaflmosteskedt he

netal wire 22 t.o abaut, 1400C tq._about 2100C. In this state, hydrogen, for
the Rl dns e S Jber

exanpl e, i PVt &dFR ®inlet 24 into the vacuum chanber 21 to

produce a hydrogen ‘gas at npsphere at a relatively 6 | ow pressure, at about
10 Pa. Thereby,®t FRMICGIISEHMN 2di g draiy axegion c Raghe comprisikgs ac setend
with the netal wire 22 and causes a contact-deconposition reaction, thereby
produci ng riSAiceRABCIRrd thien filmdi duts is Thtackedr ogen madiegivrs afolthieddiratt h
the substrate 23 due to their nol ecular notion and thereby etch the portion
of the | ow Seaaicanfypioy thin fdm enclusiveonf el chasriedreigforiot  covered by the
source/drain electrode 6 (Fig. 1F). Thereby a back channel is forned. The
et chi ndbrat e i ra t4eurapockecthaster idaet ®t diving eldctrodw nfobmedalgre dhiay s¥asyd NY
such conditions as tenmperature of 'the netal heating wire, substrate -

t enper at ur eéengasnguetos whén ifilnt;mdhanber) di st ance bet ween the 15 netal
heating wire and the substrate, and so forth. By properly setting

a passivation film composed of a silicon nitride film formed on the

channel;
wherein a portion of the channel contains at least one element
20 selected from the group consisting of tungsten, tantalum, molybdenum,
vanadium, platinum, and thorium, the portion of the channel being
adjacent to a surface thereof which is in contact with the silicon nitride
film, and the total atomic density of the at least one element is in the range

of from 1 x 1016 +cm=3to 1 X 1019 * cm=3.

25 The present inventors have found that when non-ionic excited speciés



tthese'conditions, a high quality channel which suffers little from etching
damage i.s fornmed at high efficiency. The present inventors have confirned
that even when the et chi ng rate is 200 nmmn or greater, high quality TFTs
are fabricated with uniform TFT characteristics. 20 It has Reppcdegpgy i bed
that hydrogen is used for the source of ei@iped species in the
above-descri bed channel etch step) but the source of excited species

(rmol ecul es of a chem cal substance) is not limted to hydrogen. O her
exanpl es usahl e theref.or, include anmonpia, N2H4, water vapor, and a gas

m xture of tasﬁ“(f e 28| ’éﬁ‘f&ﬁ?]s? azg W“é’a&‘gngﬁ% metali heaiadr hyedlestriaseesidtanet n
hydr ogen rag{ cals axe 15 DEC 2004 24 used for the channel etch, but it is
to be under SISFHPE Faevaperated sad theroeaporated suetad, thotigleih ahenes @mourtr
exanmpl e, hal ogen radicals such as fluorine radicals my be enployed in

pl ace of hyd&PBbtminakiscthe firsbsenticonductoe thin ffilugr whech Zeimal the( ERASE €S
of a chem cal substance), NFs and 5 CF4 nay be used, for exanple. The

exci ted spedie®evendherpresent innewlore tigtvesilep iﬁ&ﬁdrﬂiatb&héﬁcﬂh%%%téﬁfsoéé‘r
as the excited species are non-ionic excited species. Non-ionic excite

speci es #xelemtt Rureiadrsaleaded\frémsiHd ghhds oﬁ@ﬁ'n%&%ﬂ,s ?%ig&{lh?’,é lghfﬁde%um,

et ching damage is caused. ~' the back channel forned ng as

descri bed abanedivmerata 0 SR e, _ reof .is.
cont am nat ed and theiﬁgby Sﬁ% gﬁgr act Z%ét%%@?%efs%ﬁ?g&?'&}rqg?ew&’éﬁpéaém 4

B be Succese ey Rarnrre Bhetichnate FGEERIE dbsbha” e, e MBmaNG RE Gl

8 be successively carried out 1 medi a

h [ . | nag j i f.this,..th b - i bed etching appar at us
cnn o s oS ERRl SR hhORdhid Rl BOR Tad0 W henrd fa 15408 bhacts
successi vel B

r t for ion of the passivation film$ inmediately
after the . B (g)‘?ti maogﬁl %ésgfatsﬁén%sa%ecn%%‘f?e gsc?ﬁlféf HWLPﬂéfn@lehbwe@ﬁlquas
pr esent e, a bott gate TFT is achieved in which contam nation of
JboaBék CLS accolmé]fd“r‘}?%%

t he 20 anne e is prevented. The ‘excited species ~ such as
hydr ogen radicals Cﬁn b% eggr ated by )gr oduci ng, radi o-frequency plasma in a
hydrogen gas atfEeBAERE 1@ 4oHh @spasicobtheantian the bétbomegateptien film
However, this_nethod %o ces ionic excited species as well. The ionic
excited spedPBEsiorof thed Pach may bgpuchhdatdibe Brxatalemizbrdubtort thén
di rect-cur rﬁnt .conponent. generated by a5 DEC 2004 25 5 to 15
m1s a thin film comprising silicon; and the second semiconductor thin
film is a thin film comprising silicon and an n-type impurity.
15 According to a 26th aspect of the invention, the bottom gate thin film
transistor of the 25th aspect may be such that the silicon comprises
amorphous silicon or polycrystalline silicon.

Embodiment 4
According to & 27th aspect of the invention, there is provided a bottom
20  gate thin film transistor comprising:
a gate electrode formed on an insulating substrate;
a gate iﬁsulating film formed over the gate electrode;
a channel formed of a first semiconductor thin film stacked over the

gate insulating film;

25 a source and a drain each formed of a second semiconductor thin film



20 radi o-frequency plasma (i.e., a self bias) and consequently cause

so-cal | ed etching damage to the high resistivity sem conductor tllm which
li'es bellow the |ow resistivi ty sem conductor film The exci teg Sﬁﬁtg@
generated by the above-described etching apparatus are, on th X Y,
non-ioni c excited' species. Furthernore, e to the fact that the netal
heating wire 22 is used for generating excited species, little self bias is
generated. Therefore, etching damage is remarkably reduced, Accordingly, it
is preferabl e t.0o yse excit.ed species generated by contacting gaseous

nol ecul es ofs,%a?]ﬁer&jBX%QFeehrﬁtyﬁé)%&'@ﬁld@&@l(Q’Hé\rﬁlﬁéyecul es are referred to as
“mol ecul es of a chem cal substance" herein) with a metal wire heated by .
el ectric resistanBErkiag regjondndwbichp aspontivn nbkle skesnd sémisoridudier thin
under st ood, however, that, in the present invention,.the excited species
gener at ed byilphdisposeddmenediagpelysatovessheatisantos isaderided; 48ds i s the case,
it is necessary to enploy a so-called renote plasna system In the renote

pl asma system ansapparebetrodt ard aha@mihhdlealious; 8886 ThiaRed %tncgiéﬁlﬁttion of
apparatus, for exanple, a mcrowave plasnma apparatus or the |1 ke, i's used

to gener gt e thE ekt ORGEATIuctHE PhirPIRA B NG 9E ’6% kAL f?ﬁtr?&&jl r%%éjioﬁf)ed es,
ed by, for exa e,

only the non-ionic excited species are sel ect gui di ng

the generated exdidrath SReFbRTod h&io'fﬂgeghgﬁﬁ@l %oggéfél%g%tége&\g?ingge? asnt S

applied, and than the non~ionic excit speci es ar
above-descr | .@hi.ng u .an et ching step. Fjg. 5 s an
appar at us fggﬁgﬁﬁ?gﬂ@e%?%ﬁgsg%ﬂ%%ﬁgﬁf %nggﬁ’é‘e r'?%tnéﬁi‘gﬂ’ Iﬁ“@i}%gséélr“@la

radi o frequ S ratin hanmber 5s and a gas inlet 54 also
serving as g%ﬁ%%gle@’ @ggﬁl’%ﬂe,a ‘2 g&h‘?’&ﬁma ghPer %r%ﬁe&’fﬂoﬂ 2BRSYi heinigoni ¢
excited spegj is.incorporated. Fiq,. | so 1 5 DEC 2004 26 shows a
chanber 51, ggﬁ?ﬁggtt?zft %"‘ﬁcéﬁ? éﬁeg‘?soijavﬁg{?isé‘\?ﬁr‘f&ea%lt&ldle@vwgl@l;e%nd the totald a
hi gh fregquency electrode 55, EXAMPLE 2 5 to Exanple 2 shows a net hod of

pr oduci ﬁ% T%%tht%nisﬁéﬂ d’geél?e i &t Jeaste ate telemendnifelinethe vamge iof Exempl e
1, a step o féferi di_ag@a gorti on (nitrided region) -of the lowresistivity
sem conduct &% [ A 1xd0%eméd i nmedi at el y above the portion.of the

hi gh resistivi tg sem conductor filmthat later fornms the channel with the
use of nitride ASRATEHE toR 38th aepesipof thecinyention, thet bttomngmteothih film 3.
Figs. 4A to 4G show cross sectional views each of which shows a step i~ of
t he producitgosistenal the RB{shsaspegt mijebe tsapb thiatvihe firstisgenicddd tibtioe itn 4E
~are simlar_to those in the foregoing Exanple 1 above and therefore not
further el dbendse thpodiloTlcomgirgingt silicont andi ik evéoril RGN udty tRgH St €P
of Fig. 4E are described bel ow. The channel etch step of Exanple 2 also
uses tHé apfpamis asthif flligcoBpriding Siledtsh 4¢ s REFPYimpuTiRasi cal |y the same
as that in the foregoing Exanple 1. Specifically, first, a substrate which

has been subj edA@drdmg te asR®ISaSHEstbfi theRingentibr® the ¥hEtds i e
substrate heater 26, which also serves as a tabl e, Thereafte ,tgft%gnvacuum

chanber 21 traneétQuaethd B8t AsPastyihPUBR- sude" 8kt & Sde ate
heater 26, the substrate 23 is h}esat ed tg SOOSC,éjfﬁ%%xgin%léggc%?nch%Bﬁtses

si mul t aneoushyrplhiCdilicsh lof dolySRpAIEE difiggpan external power supply 25 to
the metal wire 22 conposed of a fungsten wre having a dianeter of about
0.2 -to 0. &£uehiAvafs 110 heat the-metal wire 22 to about |oonC to about
1800C. In this state, amonia is introduced 1 5 DEC 2004 27 froma gas

i nlet into t er 21 rooduce an ammoni a gas at npsphere
at ar élﬁat i vel y S%IV&% ess%r e, a?spae%g&'(%kg 1?39“%9& Eﬁ?f’,e Ineroyideshisaligyid
(i.e., nol %ﬁ}yl ez of 1a chem cal substance) in the vacuum chanber 21 makes
contact w O T Rs GRRIEY davice SOmBRISNG ses a 5 cont act - deconposi tion
reaction, thereby pr 01$JCi nge a non-ionic deconposed product (nitrogen

radi cal s or g—ﬁﬁeﬁ‘ strake popppising egplwrlitytaf stpn dleetmodas, amilorality
deconposed product collides with the substrate 23 and thereby nitrides the
portion of 0? Hata alestzedes intergecting ¢hecianosletirodesha gilurslinobf ¢hieHas by
the source/drain electrode 8 (Fig. 4F). Thereby a nitride film~o (also
referred tbramsistors mrwidedgitortie heteesettioml fsusitigns ATt soaNRM thsddLr med
t her ebel ow.

25 and the data electrodes so that at least one of the plurality of thin film



Li ke Exanple 1, few ionic excited species are generated in this method, and
therefore, according to the above-described nethod, the channel, j %r

from the damage that is caused by the excited species being 15 1&@5«5@& ed
by the self bias. Furthernore, the channel is protected by the nitrided
film48 so as not to be in contact w th atflBosphere. Accordingly, highly
reliable TFTs are produced with little variation in TFT characteristics.
The substrate tenperature is set at about 300C because at about 20 300C,
nitriding pr‘g)ceedst smpothly. The tenperature of the netal ‘wire 22 is set in
the range of “PPSHQFbUS PBovdedoatapach aBsbe frdeasentidduls posithaiat 4A8 4
range is preferable in that the etching that is caused by the hydrogen

radi cal s genRi&eBay 8§ pisahelectrodiagoninateddd thashiy H0GCtHENnsARErd: he
nitriding occurs predodm' ngsntly. 2s It has been described that amonia is
used for the sous ecasfd shbstraiscRPrNg a2&uiRBr ey ﬂ?&%ﬂe& 0 :
However, the . source of the non-i gni C %ecorrposlég%artg%%%ts S not ﬂl{enﬁ%?l to
ammoni a but eleetirodss;atder chemi cal conpounds may be used insofar as
nitrogen atons are contained therein. It is preferable that nol ecules of a

t
hem cal bst H ' q ting. I f h
2 Chemcal compound T Br ceaGREAEIRATCh ARG Mol 2af Be dacand

varyi ng suckupendithj ons as tenperature of the netal wire, substrate
tenperature, gas pressure) and distance between the netal wire and the

substrate. 1o | .0 h .wit.e 22 is. shown as an exanpl e of the
metal for the cg‘ﬁ%:éa%%r-l gggng%giﬁéﬁbﬁnr@&t'ﬁﬂ?m £ 1ha Retdpwm ggﬁt fbin film

catal ytic :] p:mted thereto, .Plate-1ike shapes and coil-1like
shapes may ngfeﬁ{esrlrlf)’i%gﬁég OHﬁgs&’a?g% ons¢% the foregoing: 3didybe R§tioespptts af)the

'l [ustrat ediﬁ%rﬁ;@i&' 4A to 4G are a substrate 41, a gate el ectrode netal ~5
42, a gate insulating elm43, a high resistivity sem conductor thin film
44, a | pyw resistivyi t?/ ﬁe i conductor thin film45, source/drain el ectrodes
46, a resist 47, fit the toraggate fhin filpateansistovs daseribéd, iranHe atbove
opening 410,,; %0 %aéThe rel ationship between the catalytic nmetal and TFT
char act eri sEF %9 29Ha &speets afader inyention suliciartby oikhibig th¥ bRk g6tetistitd 2
that tungsten is used as a catalytic netal in the contact~deconposition.
reaction, bifeRHesediion the IRk i aukiebideciystahdispley elbvite)V eThd @fores tRAt
limited to tungsten., The present inventors have confirmed in experiments
that si ni| a#bosterdesozibadeconfiguratomiaehidves & Aigaiid tdrg st @l 18 Hé‘ﬁgétt?ﬁt
nol ybdenum  tantal um vanadi um platinum thorium or an aPI oy nade from at
| east two OB exgelent i SeREC0? K1 operation.

15 Embodiment 6 !

According to a 81 aspect of the invention, fhere is provided an organic
electroluminescent display device comprising:
a first substrate comprising a plurﬁlity of scan electrodes, a plurality
of data electrodes intersecting the scan electrodes, a plurality of thin film
20  transistors provided at the intersectional positidns of the scan electrodes
and the data electrodes so that at least one of the thin film transistors is
provided at each of the intersectional positions, and a plurality of pixel
electrodes connected to the thin film transistors;

a. second substrate comprising a counter electrode opposed to the pixel

25 electrodes; and



5 to.netals. Zn the experinents, it has been found that when the

cont act -deconposition reaction which uses a netal heated by electric
resistadce heating (catalytic nmetal) is applied to a channel{ $pgb,284he
catalytic netal contam nates the channel,_ .though the anpbunt of the
contanminant is very little. It is thoughtl9hat even if the heating is
carried out at a tenperature |ower than the nelting point, evaporation of
the netal occurs and the evaporated netal contam nates the sem conductor
| ayer. Tn view qQf.this problem the present inventors have carried out
further research HV§T-0mPRSINg @ gredestsplumminegcent materiad, shedayenf
the catalytic.nmetal .that contam nates the TFT channel greatly varies,
dependi ng” oRelRg fandwea beloveens the finst sybsizats andthewecendaubkirate;
tenperature of heating, processing tine fox the channel etch, density of

t he oxygen renaihergin reatcheOf:ﬂaerﬁgm fdmu tsandistdrs. is( 2)bithern gandithi®FHnAr €
t he sane, t?e use of tungsten as a catalytic 15 netal can reduce the anmount
of the net altransistoraucending ®sahp onehefiie) fordBeinkeasntd Il

t hat tungsten has the highest rrejlﬁti ng poi nt aﬁnng al | t%§9%td§§§€§n%ﬂﬁow
vapor pressimwent{d). The anount of the catalytic netal that contam nated the
channel 20 25 was an atom c density of 10i6 cm 3 under the follow ng

condi tions: tungskest a i yatnent erat ur.e of
the metal was 1800C, \tﬁﬁg B&E%gsé?%é;ﬁtﬂl&ﬁne 'orr&%c‘hégg%)%gndrleespggte?h@rb\ége ARYE 1
m nute, the i L e 10 Pa, d.the partial . .
pr;afs;u_re orzg%g%%bf]ﬁa? %g&(r?h% hglrj%(q{e%g%gln’?v)\%a[m t%f] Sﬁgﬂfﬁﬁg\e I g%erw;g:sf
oxygen in tNECAadORE ey o oRime AR an Cretelc MletirOhiminesRor damon:
10--z Pa) aigl; 201 30 the res f the conditiqns are the sane,
t he am)uzlt Was . an ?Pgﬁ‘&gg eﬁﬁ 08?%195&@{33‘8&0?%%699% REIgEAS A, Opganice |

remai nijag o Ni.i.n.t he chanpbe reat| ffects the amount of the

cont amlﬁat i%ﬁ?&gﬂ%mﬂ%&*%gs@ﬁpﬁgsg bR TIE eﬂ‘acto 1§ ceXqedlent hin mermea pfpstahleof
met al decreases when the netal becones an 5 oxide and therefore, the

oxi di zed mPEFAH8Rds to be nore easily evaporated. (4) It has al so been
found that even when the density of the remaining oxygen is |ow, an
increase in tenperature of the catalytic netal increases the anmpbunt of the
contam nant. For exanple, when the tenperature of the catalytic netal was
2100C and the processi BRIEFDRSCRIBTIONQFPHR DRAWING®f t ungsten, the
contam nant, was an atomi c density of 1019 cm3. However, it has been’
confirmed that Ho¥ea prare pompietie wudestending ob thaippeskrat! indRndia]idndeRsi ty
of 1019 cmg in the channel made of a silicon thin filmsufficiently
functi s &sdvantagessitbersof, Tafegenen issnawparadectd ahbyfollodfiagabbeerighyti
nmetal for the electric resistance heating 15 because it does nat forma
deep | evel takesithiconjunatioh with ¢henecormpanpinbabiwiiss, oh wwRICRE"

di sappearance does not greatly vary EXAMPLE 3 The TFTs nade I n accordance

with the foregdligg FAaopl@ dreaschotRafie dBss Q8ct3hAINsidhal é%ﬁ%@féés asfgg%éo

that they are arranged in a matrix configuration. PIxel e t hen

formed to bfagnodeeifinichbldfiEFRE6H gécedrﬁ'ggb&t,gﬁsyﬁo%e%%%&q sing the

TFTs, a liquid crystal display device Was produce hner. It
was confirnmed tFhato WakchedERis! cLnputted to the liquid crystal
di spl ay devi ce t% operatc_e t elgg i?%%%%%@vé‘{cgméanép%ﬂtﬁeﬁﬂq%ﬁw%aﬁw of
the piyel svu¥es iRWHNAbRs {and 2. '
Fig. 8 is a schematic ‘plan view showing the hottom gate TFT
according to Example 1.
Figs. 4A to 4G are schematic cross sectional views showing the steps

of a producing method of a bottom gate TFT according to Example 2.

25 Fig. 5 is a schematic view showing another example of an etching and



1 5 DEC 20p4 31. conparison with cases where TFTs made in accordance with
the prior art nethods, and that as a consequence, good display i mages were
obtai ned. EXAMPLE 4 5 10 In a sinilar manner to the f or egoi ng1l@<ggﬁ)|2@u3, a
liquid crystal display device was produced using the TFTs made 1n
accordance with Exanple 2. Video signal veld inputted into the liquid
crystal display device thus produced to operate the TFTs. As a result, it
was confirmed that stable switching operation was obtai ned. EXAMPLE D

Organi ¢ el ect; 1 di splyay. devi ce re produced using the x5 TFTs
made in accgilglgt%(%\%ﬁﬁﬁﬁﬁ% ?%@8%?5@"@@6? §1§$2and 2. As in the cases of
the liquid cryst@al display devices, it was found that stable display
per f or mance was ‘08t &7 18d 3 ReEShRTAIVEs SReWi showingedhef generalevdrstsunsiongof he
TFTs made i;}l_aﬁéo(rifance with the prior art methods. Fig. 6 shows a basic
structure ofI$H@Yfepees oliEsreplesd telumndes 3 to 20 6. Illustrated in Fig.
6 are an array substrate 71, a counter substrate 72, gate el ectrode |znes
73, source el ecthigee’AitaddF ane schmaticlemyss serhivngl viewd Showtilg 8h8ls8éis of
matrix 76. The reference numeral 77 represents a liquid crystal material ox
an organéc elmdor attiprodsdagtmeticd 6fd bottonhgatdPET described thus far, the
bottom gate TFTs and the nethods 25 of producing the TFTs according to the
present invention achieve a remarkabl e reduction of etching danage in the
channel etch step. In 15 DEC 2004 32 addition; back channel is prevented
fromthe cont am naDESCRIMTION GHIHEDRERTIEHRIFHIMRAIDINENRREK channel

i CharacterTs and

to atnosphere, leading to an inprovenent 1n
consequently anNdgRer i . i i . r r ue t he
Copr ovennt of | oW FRRridl AR QUiGS O pLERL et TNE nafll ByrtBods cof
ith alar i i j .5 h [ he reducti ons, of the
Contani nat | EroEIGHRR (e PTS AL Abood Wil iRl en 1 Bnncls aiRle. T

advant ages. L i nelfie. t hi ckness, of .the a-Si.:H filmis _reduced,
The TETE oS Bhabigled Rl B HG e BEd R g igBobiniivity semepnductor

advant ageo ffects are obtai.ped, 1o such as_a reduction in_the deposition
time for tﬁéhg’- Sallg({h Fmeaﬁdgﬁﬁle APeTs iYBth o phgsphextis iy uged efaar threlawD
chanber, which results jn redugtion_in the production tact tine. Although
the present*3SHf8 oﬁ?%&’nggéwrf y dbde tppes) undexatood; hosvaseayrphat thet h
reference tg the acconpan in% drawings, it is to be noted that various
changes andi$RSTARLIQ, Y sﬁWQ-FaB‘ée Mwppest only. « Alweeseskidondaetor fihms andy
Therefore, unless such changes and nodifications depart fromthe spirit and
scope of tHe® pr%é‘&ﬁdi ndlent o destdmple, by poberpgisdlided silidoys, @hendihgul d
be construed, as being, included therein. 20

15  microcrystalline silicon), amorphous silicon germanium, polycrystalline

U

.silicon germanium. It is also noted that the high resistivity semiconductor
film is also referred to herein as a first semiconductor thin film or a
semiconductor thin film for a channel, and the low resistivity
semiconductor film is also referred to herein as a second semiconductor

20  thin film or a semiconductor thin film for a source/drain.

EXAMPLE 1
Example 1 pertains to a method of producing a bottom gate TFT, the
method employing a channel etch step utilizing hydrogen radicals.

25 Referring to Figs. 1A to 1G, the details of the method of Example 1 are



;; 15 DEC f004 33 What is clained is: 1. A method of producing a bottom
gate thin filmtransistor, conprising: 5 fornming a gate el ectrode on an
insulat)ng substrate; forming a gate insulating filmover the gate
el ectrode; formng a first sem conductor thin filmhaving a chgrﬂﬁﬂ Xher ei n
over the gate insulating 1 o film form #d a second semi conductor thin film
for a source and a drain over the first sem conductor thin film 15 form ng
the stacked | ayers of the first sem conductor thin filmand the second

sem conductor thin filminto an island; subsequent to said form ng stacked

| ayers int oPEeeqI¢edMeloWepositing a source/drain el ectrode metal over the
stacked | ayers of the first sem conductor thin filmand the 20 second

seni conduct or t Hixstf nigate @lediirnde metadindepbsitétt od eppinsddtinpuautesttatai to

el ectrode netal, the region being | ocated above the channel, in the depth
direction t e thxgossstdfe200ennon by spuitteriely ahdristthied gricksssathaitebin wleedhse

el ectrode and a drain el ectrode are forned; and 1 5 DEC 2004 34 etching
away the exphetadithoptasiy eind leeckiegots foaMi Q?ﬁi@cél%tﬁoﬂiean(iFigl @)t hepdept h
direction with the use of a non-ionic excited species to forma channel,

t he non-g ongatee¥tdctestes RESIASHRSI BE, %ﬁ%ﬁ%@ﬂle%lﬁbiiﬂ&bwyg%{g:%r%ﬁ fim?

chem cal substance into 5 contact wiwth a netal heat ed tric

resi stance p&abbssll qlgﬁﬁﬁg?]@ C frithe ical. substance.

2. The net hod gccorglpr?g to C a%rrrlltdis I&Egﬁewﬁ%t egnholkﬂl r(g%f@ﬂ'g)ﬁc}lpg,dgg &es

is a radical;,l,0 3. The nethod according to claim2, wherein the nmetal is
sel ected fromthe group consisting of tungsten, tantalum nolybdenum

vanadi um pl ati Qu and .t hori y is.an, alloy conprisi.n t.least two
netal s sel gct eﬁ?ﬁ%?ﬂq%i%@&gf%bﬁiﬁnsﬁmﬁhﬁrY ﬁfsgp&?,tetl&% ting BTm 8, 7

nmol ybdenum , vanadi atin hori,um 4. The t hod according to
cl aiym 3, uf u?¥%°§?te@gﬁ%ﬁpb?wb‘ﬁég%ﬁggg%mﬂh§’ Qtvlli nahéﬁ%%ggheak’e)?ﬁgé:@ ﬁg@gt i on
of the foecong%iem' conduct _og. thl nfilm form n%élg passivation film

conpri st’ng EOLT FEOTRSAE A BESS FePHLghsamIa E‘H’egl@uflf?é&al@@rn@!'méxéosed

t o at nosphere. . . .
- channel layer, is deposited to a thickness of 200 nm by CVD. Thereafter,

an n+ a-Si‘H fihh, which serves as a low resistivity semiconductor film 5, is
deposited to a thickness of 20 nm by CVD. Then, by photolithography and
etching, the stacked layers of the high resistivity semiconductor film 4 and

15 the low resistivity semiconductor film 5 are processed into an island (Fig.
1B). |

Subsequently, a source/drain electrode metal 6 is deposited by
sputtering (Fig. 1C). The source/drain electrode metal is, for example, an
aluminum film or a layered film composed of aluminum and a metal having

20  a high melting point, such as titanium.

Subsequent to this;, a photoresist 7 is formed over the source/drain
electrode metal 6 (Fig. 1D), and an opening is formed by photolithography
and etching in a portion thereof which is above the channel region. In this
etching step, the low resistivity semiconductor film 5 is not etched.

25 Subsequently, the photoresist 7 is removed, and using the source



5. The nethod according to claim4, wherein the first sem conductor thin
filmis.athin 20 filmconprising silicon; and the second sem conduct or

thin fidmis a thin fil m conprising silicon and an n-type imybk%yzw@. The
met hod according to claim5, wherein the gjilicon conprises anorphous
silicon or polycrystalline silicon. 15 C 2004 35 7. The net hod
according to claiml1l, wherein the netal is selected fromthe group

. consisting of tungsten, tantalum nolybdenum vanadium platinum and

thorium or J |1 o riging at least t tals selected froqmthe
grgthconsi ﬁf‘rﬁ%ﬁ‘é? tagrytnd%s?ﬁer%, (%aggnte;‘?ﬁﬁ??%%agﬁh&ﬂv%aﬁtﬁﬁ? uﬁsPll'IBP%t ilﬁﬁﬁ}-
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9. The net had CﬁOI‘diI’J to claim?2, wherein the non-ionic radical is a

hydr ogen rad?’célqc. edowith, dhgenpe Pfasesrigniy hydrogen madicalker dnnthisestep of
non-ionic radical is a halogen radical. 11. The nmethod according to claim
10, wher ei n tpRingobhe dewcrasastiviy seaiconuctorafilh 5, anrétebingdippakatid of A
met hod of producing a bottomgate thin filmtransistor, conprising: formng
a gate ePectligdd ismsed. i dshiclt chgnaebi tlaiefordted (Figl 1¥) a FRELsiopsid kNI
filmover the gate electrode; formng a first sem conductor thin film

havi ng a chaesetibedén funtheratethile gate insulating film 15 DEC 2004 36
form ng a second sem conductor thin filmfor a source and a drain over the

first sem condu®oblowifgthlel fo¥inatid® b tRE chAfnsi %’éiﬁg t{h%?’aﬁ{}fa}r;&&nu% E)? gﬁ'g{ﬁt

sem conductor thin filmand the second sem conducto

Sour cel dr ai b Ereaye HOnSALE, LTI R el RbGur RS Kbt over the
substrate surface by CVD so as to have a film thickness -of 300 nm.

10  Thereafter, as shown in Fig. 1G, in a predetermined portion thereof, an
opening is formed by photolithography and etching.. This opening 9 is
used for connecting a pixel electrode therethrough. Thus, a bottom gate
TEFT of Example 1 is compléted. A schematic plan view of the TFT thus
fabricated is illustrated in Fig. 3. Note that Fig. 1G shows a cross

15 sectional view taken along the line A-A’in Fig. 3.

Now, the etching step using non-ionic hydrogen radicals, the etchiﬁg
step which utilizes the above-mentioned etching apparatus, is discussed in
detgil. Fig. 2 shows a schematic view of the etching apparatus used for
making the TFT of Example 1.

20 As shown in Fig. 2, first, a substrate 23 which has been subjected to
the steps shown in Figs. 1A to 1E is piaced on a substrate heater 26, which
also serves as a table. Thereafter, a vacuum chamber 21 is.evacuat'ed
using a vacuum pump. Thereafter, by the substrate heater 26, the

substrate 23 is heated to 250°C, for example, and simultaneously,

25  electricity is supplied from an external power supply 25 to a metal wire 22



etching a region of the deposited source/drain electrode netal, the region
bei ng | ocat ed above the channel, in the depth direction to expose the
second $eniconductor thin film whereby a source electrode and a drain
el ectrode are formed; and 15 nitriding the exposed portion of 1thBEG&Hnd
sem conductor thin filmto forma channel2dusi ng a non-ionic
ni trogen-contai ni ng deconposition product that is generated by bringing a
nmetal heated by electric resistance heating into contact with nol ecul es of
. the chem cal substange containin itrogen atons. 20 13. The net hod
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used for the channel etch, but it is to be understood that the present
invention is not limited thereto.. For example, halogen radicals such as
fluorine radicals méy be employed in place of hydrogen radicals. For the
source of fluorine radicals (molecules of a chemical substance), NFs; and

5 CFamay be used, for example.

The excited species used in the channel etch step may not be radicals
insofar as the excited species are non-ionic excited species. Non-ionic
excited species are not accelerated by a self-bias and, consequently, little
etching damage is caused.

10 If the. back channel formed by the. etching as described above is
exposed to atmosphere, the surface thereof is contaminated- and thereby
the characteristics of the TFT are degraded. In view of ‘this, it is
preferable that the deposition of the passivation film 8 be successively'
carried out immediately after the formation of the back channel. In

15 consideration of this, the above-described etching apparatus can also be
utilized as a catalytic CVD apparatus, making it possible to successively
carry out the formation of the passivation film 8 immediately after the
formation of the back channel. Thus, by the method of the present
Example, a bottom gate TFT is achieved in which contamination of the

20  back channel surface is prevented. |

The excited species such as hydrogen radicals can be generated by
producing radio-frequency plasma in a hydrogen gas atmosphere at a
pressure of about 100 Pa, for example. However, this method produces

ionic excited species as well. The ionic excited species are undesirable in

25 that they are accelerated by the direct-current component generated by
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the low resistivity semiconductor film. The excited species generated by
the above-described etching apparatus are, on the contrary, non-ionic
5 excited species. Furthermore, due to the fact that the metal heating wire
22 is used for generating éxcited species, ljttle self-bias is generated.
Therefore, etching damage is remarkably reduced. Accordingly, it is
preferable to use excited species generated by contacting gaseous molecules
of, for example, hydrogen gas (such molecules are referred to as “molecules
10 of a chemical substance” herein) with a metal wire heated by electric
| resistance heating to decompose the molecules.

It is to be understood, however, that, in the present invention, the
excifed species generated by radio frequency plasma may also be used. If
this is the case, it is necessary to employ a so-called remote plasma system.

15 Inthe remote plasma system, an apparatus other than the above-described
etching apparatus, for example, a microwave plasma apparatus or the like,
is used to generate excited species. Then, among the generated excited
speciés, only the non-ionic excited species are selected by, for example,
guiding the generated ex.cited species through a mesh electrode to which a

20 bias is applied, and then the non-ionic excited species are guided into the
above-described etching apparatus for an etching step. Fig. 5 shows an
apparatus for such a remote plasma system.

IIustrated in Fig. 5 are a radio frequency plasma generating chamber

56 and a gas inlet 64 also serving as an upper electrode, in which a mesh

25 electrode for removing ionic excited species is incorporated. Fig. 5 also
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EXAMPLE 2
5 Example 2 shows a method of producing TFTs that includes, in place
of the channel etch step in Example 1, a step of nitriding a portion
(nitrided region) of the low resistivity semiconductor film that is located
immediately above the portion of the high resistivity semiconductor film
that later forms the channel with the use of nitride radicals or active NHy,
10  where x is in the range of 1 to 3.

Figs. 4A to 4G show cross sectional views each of which shows a step
of the producing method of Example 2. The steps shown in Figs. 4A
through 4E are similar to those in the foregoing Example 1 above and
therefore not further elaborated upon. The steps to be carried out

15 | subsequent to the step of Fig. 4E ére described below.

The channel etch step of Example 2 also uses the apparatus of Fig. 2,
and the procedure is basically the same as that in the foregoing Example 1.
Specifically, first, a substrate which has been subjected to the stéps shown
in Figs. 4A to 4E is placed on the substrate heater 26, which also serves as

20 a table. Thereaftei', the vacuum chamber 21 is evacuated using a vacuum
pump. Thereafter, by the substrate heater 26, the substrate 23 is heated
to 300°C, for example, and simultaneously, electricity is supplied from an
external power supply 25 to the metal wire 22 composed of a tungsten wire
having a diameter of about 0.2 to 0.8 mm® svasio heut the-metal wire 22

26  to about 1000°C to about 1800°C. In this state, ammonia is introduced
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5 contact-decomposition reaction, thereby producing a non-ionic decomposed
| product (nitrogen radicals or NHy, where x is in the range of 1 to 2). The
non-ionic decomposed product collides with the substrate 28 and thereby
nitrides the portion of the low resistivity semiconductor film which is not
covered by the source/drain electrode 6 (Fig. 4F). Thereby a nitride film
10 (also referred to as “nitrided region” herein) is formed, and a channel is
formed therebelow.

Like Example 1, few ionic excited species are generated in this
method, and therefore, according to the above-described method, the
channel is free from the damage that is caused by the excited species being

15 accelerated by the self-bias. Furthermore, the channel is protected by the
nitrided ﬁlm 48 s0 as not to be in contact with atmosphere. Accordingly,
highly reliable TFTs are produced with little variation in TFT
characteristics.

The substrate temperature is set at about 300°C because at about

20 300°C, nitriding proceeds smoothly. The temperature of the metal wire 22
is set in the range of from about 1000°C to about 1800°C because this
temperature range is preferable in that the etching that is caused'by the
bydrogen radicals generated by ammonia (NH;) does not easily occur, and

the nitriding occurs predominantly.

25 It has been described that ammonia is used for the source of the
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It "is preferable that molecules of a chemical substance be easily
5 decomposed by contacting. An example of such a chemical compound 1is
NaH,.

- The rate of nitriding can be adjusted by varying such conditions as
temperéture of the metal wire, substrate temperature, gas pressure, and
distance between the metal wire and the substrate.

10 In Fig. 2, the metal wire 22 is shown as an example of the metal for
the contact-decomposition reaction, but the shape of the catalytic metal is
not limited thereto. Plate-like shapes and coil-like shapes may be
employed (this also applies to the foregoing Example 1).

Iustrated in Figs. 4A to 4G are a substrate 41, a gate electrode metal

15 42, a gate insulating film 43, a high resistivity semiconductor thin film 44,

a low resistivity semiconductor thin film 45, source/drain electrodes 46, a

regist 47, a nitrided region 48, a passivation film 49, and an opening 410.

The relationship between the catalytic metal and TFT characteristics

20 It has been described in the foregoing Examples 1 and 2 that tungsten
is used as a catalytic metal in the contact*decomposition. réaction, but the
catalytic metal usable in the present invention is not limited to tungsten.
The present inventors have confirmed in experiments that similar effects
are obtained when the catalytic metal is tungsten, molybdenum, tantalum,

25  vanadium, platinum, thorium, or an alloy made from at least two of these
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metal occurs and the evaporated metal contaminates the semiconductor

layer. In view of this problem, the present inventors have carried out
further research and as a result found the following.

10 (1) The amount of the catalytic metal that contaminates the TFT
channel greatly varies, depending on various conditions such as types of
catalytic metals, temperature of heating, processing time for the channel
etch, density of the oxygen remaining in the cEambe;, and so forth.

(2) When conditions are the same, the use of tungsten as a catalytic

15 metal can reduce the amount of the metal that contaminates the channel.
The reason is believed to be that tungsten has the highest melting point
among all the metals and a low vapor pressure.

(8) The amount of the catalytic metal that contaminated the channel
was an atomic density of 1016 -cm—3 under the following conditions:

20  tungsten was used as the catalytic metal, the temperature of the metal was
1800°C, the processing time for the channel etch was about 1 minute, the
partial pressure of hydrogen was 10 Pa, and the partial pressure of oxygen
in the chamber (the amount of remaining oxygen) was sufficiently low
(about 104 Pa or lower). When the'partial pressure of oxygen in the

25 chamber (the amount of remaining oxygen) was higher (about 102 Pa) and .
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| the catalytic metal was 2100°C and the processing time was 1 minute, the

10 amount of tungsten, the contaminant, was an atomic density of 1019 +cm™3.

However, it has been confirmed that the TFT in which tungsten is

contained at an atomic density of 101 *cm=3 in the channel made of a

silicon thin film sufficiently functions as a transistor. Tungsten .is a

particularly preferable cafalytic metal for the electric resistance heating

15 because it does not form a déep level in silicon, and therefore, the

probability of carrier disappearance does not greatly vary.

EXAMPLE 3
The TFTs made in accordance with the foregoing Example 1 are
20 formed on an insulating substrate so that they are arranged in a matrix
configuration. Pixel electrodes are then formed- to be connected to the
respective drain electrodes, and using the TFTs, a ﬁquid crystal display
device was produced in a known manner. It was confirmed that when
video signal was inputted to the liquid crystal display device to operate the

25 TFTs, the switching operation of each of the pixels was accurate in
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display device was produced using the TFTs made in accordance with
Example 2. Video signal was inputted into the liquid crystal display
device thus produced to operate the TFTs. As a result, it was confirmed
that stable switching operation was obtained.
10
EXAMPLE 5
Organic electroluminescent display devices were produced using the
TFTs made in accordance with the foregoing Examples 1 and 2. Asin the
cases of the liquid crystal display devices, it was found that stable display
15 performance was obtained in comparison with cases of the devices using
the TFTs made in accordance with the prior art methods.
Fig. 6 shows a basic structure of the display devices of Examples 3 to
6. Illustrated in Fig. 6 are an array substrate 71, a counter substrate 72,
gate electrode lines 73, source electrode lines 74, thin film transistors 75,

20 and a black matrix 76. The reference numeral 77 represents a liquid

crystal material or an organic electroluminescent material.

As has been described thus far, the bottom. gate TFTs and the methods
of producing the TFTs according to the present invention achieve a

26 remarkable reduction of etching damage in the channel etch step. In
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production yield. Moreover, due to the improvement of TFT

5 characteristics, a high resolution display device with a large screen size is
realized. Furthermore, the reductions of the contamination and of the
damage to the back channel lead to further advantages. That is, even
when the thickness of the a-Si:H film is reduced, the TFT characteristics do
not degrade. As a consequence, further advantageous effgcts are obtained

10 such as a reduction in the deposition time for the a-Si:H film and an
eﬁension of a cleaning cycle of the CVD chamber, which results in a

reduction in the production tact time.

Although the present invention has been fully described by way of

15 examples with reference to the accoﬁapapying drawings, it is to be noted

that various changes and modifications will be apparent to those skilled in

the art. Therefore, unless such changes and modifications depart from the

spirit and scope of the present invention defined by the appended claims,
they should be construed as being included therein. |

20
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110! .
s forming a gate electrode on an insulating substrate;

forming a gate insulating film over the gate electrode;

forming a first semiconductor thin film having a channel therein over the gate insulating

10 film;

forming a second semiconductor thin film for a source and a drain over the first

semiconductor thin film;

15  forming the stacked layers of the first semiconductor thin film and the second

semiconductor thin film into an island;

subsequent to said forming stacked layers into an island, depositing a source/drain
electrode metal over the stacked layers of the first semiconductor thin film and the

20  second semiconductor thin film;

etching a region of the deposited source/drain electrode metal, the region being located
above the channel, in the depth direction to expose the second semiconductor thin film,

whereby a source electrode and a drain electrode are formed; and
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excited species being generated by bringing molecules of a chemical substance into
5 contact with a metal heated by electric resistance heating to decompose the molecules of

the chemical substance.
2. The method according to claim 1, wherein the non-ionic excited species is a radical.

10 3. The method according to claim 2, wherein the metal is selected from the group
consisting of tungsten, tantalum, molybdenum, vanadium, platinum, and thorium, or is
an alloy comprising at least two metals selected from the group consisting of tungsten,

tantalum, molybdenum, vanadium, platinum, and thorium.

15 4. The method according to claim 3, further comprising, subsequent to etching away the
exposed portion of the second semiconductor thin film, forming a passivation film

comprising a silicon nitride film so that the etched surface is not exposed to atmosphere.

5. The method according to claim 4, wherein the first semiconductor thin film is a thin
20 film comprising silicon; and the second semiconductor thin film is a thin film

comprising silicon and an n-type impurity.

6. The method according to claim 5, wherein the silicon comprises amorphous silicon or |

polycrystalline silicon.
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7. The method according to claim 1, wherein the metal is selected from the group
consisting of tungsten, tantalum, molybdenum, vanadium, platinum, and thorium, or is
an alloy comprising at least two metals selected from the group consisting of tungsten,

5  tantalum, molybdenum, vanadium, platinum, and thorium.

8. The method according to claim 2, wherein the molecules of the chemical substance

comprise hydrogen, ammonia, or a mixture thereof.

10 9. The method according to claim 2, wherein the non-ionic radical is a hydrogen radical.

10. The method according to claim 2, wherein the non-ionic radical is a halogen radical.

11. The method according to claim 10, wherein the non-ionic halogen radical is a

15  fluorine radical.
12. A method of producing a bottom gate thin film transistor, comprising:
forming a gate electrode on an insulating substrate;

20

forming a gate insulating film over the gate electrode;

forming a first semiconductor thin film having a channel therein over the gate insulating

film;
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semiconductor thin film;

5 forming the stacked layers of the first semiconductor thin film and the second

semiconductor thin film into an island;

subsequent to said forming stacked layers, depositing a source/drain electrode metal
over the stacked layers;

10
etching a region of the deposited source/drain electrode metal, the region being located
above the channel, in the depth direction to expose the second semiconductor thin film,

whereby a source electrode and a drain electrode are formed; and

15 nitriding the exposed portion of the second semiconductor thin film to form a channel
using a non-ionic nitrogen-containing decomposition product that is generated by
bringing a metal heated by electric resistance heating into contact with molecules of the

chemical substance containing nitrogen atoms.

20 13. The method according to claim 12, wherein the molecules of the chemical substance

comprise ammonia.

14. The method according to claim 12, wherein the metal is selected from the group

consisting of tungsten, tantalum, molybdenum, vanadium, platinum, and thorium, or is
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15. The method according to claim 12, wherein the first ssmiconductor thin film is a

5 thin film comprising silicon, and the second semiconductor thin film is a thin film

comprising silicon and an n-type impurity.

16. The method according to claim 15, wherein the silicon comprises amorphous silicon

or polycrystalline silicon.



