DESCRI PTI ON  METHOD AND APPARATUS FOR FORM NG
OXYNI TRIDE FILM AND N TRIDE FILM OXYN TRI DE FI LM
NI TRIDE FI LM AND SUBSTRATE Technical Field The
present invention relates to a nmethod for form ng an
oxynitride filmor a nitride filmunder nearly
at nospheric pressure, an apparatus for formng the
same, an oxynitride film and a nitride filmfornmed by
usi ng the formation mESRIEAONhe fornation
apparatus, and to a substrate on which the oxynitride
filmor the nitride filmis fornmed. Background Art A
SHERRBUAIDAIIM RPUSTAR FORMINYBMAITRISERIEM AN ¥
constituted of a gate electrode, a gaté insulating
fNITRIDE HEM, CECENEMIDEIEIL M, MITRIDESHIERE, A8 SUBSTRATE
passivation film (protective film and so on forned
on a substrate. As the substrate (object to be
processed), a silicon wafer, a glass substrate or the
TechnipaliFgells used. As the electrodes, a netal such as Al, a
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Wth the reduction in device size and with the

substrateny whiehthetexynitridsHEmaat the higtidecElnais Hoewedd by
i ncreasing the operating speed for exanple, studies
have been made of using as the gate insulating filma
iligan nitride filmwhose dielectric constant (7.9)
Backednd " 1 Lan that (3.9) of silicon oxide film
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gate insmiterg fillhg acbtnak rRdirbie, dafrhingldchods aassivariohr filge(protective film)
(varying in dielectric constant depending on the.

and so @ AgosdioncryubstPde.ends thesubsirate (Obiticstol hegeeceasedharsifiganrivafer, a

form ng appar.atus, in ich a plasma D, device in,_,
glass sYRHBETE 0 B imaieor A5 BF EBrBodrsriematd H5hasctl obAlicon or the
v . lLine. f i ' i r Wi -
ke s, 38, A7 30180 LGATNSHIASy ARFESSE 0SB b Ao
nitride VWiliceh ofidt Nilicohli chibidd QrtAEHkON ukdd. s pl asma CVD i s

annealed with light in line formand a plasnma

Primor sxidegfibie s eedindrily uskd s therabofomepti@ed sgita gntuleing film.

.. surface of the annealed thin filmwth plasma are )

With thy xdudtion inflevice sizgandaigh e Ewroemeasap| daggeteristics achieved by

increasg'{gir &sgog)te%ﬂlgg isgge%lr .{"otri e?{%mippe, tsgl%ie%@arvg I't%gr? I‘I?Ell ei 5t lrl]sing as the gate
insulating film a silicon nitride film whose dielectric constant (7.9) is Iarger'than that (3.9) of
silicon oxide film, hafnia (HfO,), silicate and aluminate of this (a mixture of Hf
(hafnium)-Si-O and Hf-Al-O) and materials obtained by doping these with nitrogen (varying
in dielectric constant depending on the composition). |

Patent Document 1 discloses a thin film forming apparatus in which a plasma CVD
Vdevice in line form formed of a plasma generating section in line form and an introduction
section through which a reaction gas is introduced, an annealing section in which a thin film

formed by this plasma CVD is annealed with light in line form and a plasma processing device
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obt ai ning a good device with inproved reproducibility.
Silicon nitride filmformed by an ordinary film
formati on nethod such as a plasma CVD or CVD
however, has many el ectrons or hole traps existing
therein and is, therefore, disadvantageously low in
reliability. There is also a problemthat, while there
. . isaneedto forma uniformsilicon nitride film
in linerfgym dey HOffﬁﬁﬁléﬁ Hessgiriare ebtheraahcatanibirefilon svithi plésma are disposed in
. stabil.it i fficult to.forma fil unlforn1|n
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nt app catl wafer nitriding
rmﬁdmdu@iaa fARP ALY D faﬁar ordafy fifin Forfhdriof YRethdd Shcllas a plasma
filmon a silicon wafe surface so that el ectrons or
CVD ¢roC¥Dt hapever nhashmaarfyi élmtmne ot ddigctebs (exBanfalice¢ih and is, therefore,
Docunent 2). The follow ng are exanpl es of docunents
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Pat ent Docunent 0SSl silicon
Mt rapplécahi bfmtenpraseat iﬂv@ﬁmpmr@dgs iffld L9 Patbdf fplidition of a silicon
bri nging plasnma of a processing gas into contact with
wafer tnltt@hsg imetloxd avalf eppatatdefor fomeng laysiidonsipiver filen pn essilica, wafer
can grOV|de a film formng process as a nore
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f t de fil trid
TRERAE i B BT ot lineie e el Sherabbee fonetifed arisg
TREPdiat Pubfiddiibh SEoRATNGORINGbOI A €1 c. . as well as to

l'icon wafers e inventors of the present

RynJrepdtém Publication dkleitdiyNs.t2002-8d419342nal yze a nost
suitable method for formng a nitride film and
oxynitride film In view of the above-descri bed
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The Bhagec ke 0 RO R el PORRBET, il & form o
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nitriding reaction, and wh arec

- contacthvighn tlspekchbnnivhiet Gindrg eahearlq dtmmsﬁheﬁp efabite CandPcaAngrotide a film
obj ect of the:&$esent invention is to provide an

forming,Ripaess g @gnorg ehficientisystent wnderielov epersainatenditioned by a
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high-dielectric insulating materials, nitride semiconductors, etc., as well as to silicon wafers.
The inventors of the present invention have eagerly studied to analyze a most suitable method
for forming a nitride film and oxynitride film.

In view of the above-described problems, an object of the present invention is to
provide a method and apparatus for forming oxynitride or nitride film which enable a uniform
oxynitride or nitride film to be formed under atmospheric pressure without a nitriding time or
temperature dependence of nitriding reaction, and which are capable of high-speed nitriding at

a low temperature.




oxynitride or nitride filmto be fornmed under

at nospheric pressure, and which is capabl e of

hi gh-speed nitriding at a | ow tenperature and has
excel | ent device characteristics, and to provide a
substrate on which the oxynitride or nitride filmis
formed. The nethod for formng an oxynitride film and
nitride filmaccording to the present inventionis

émathse phiestddhe presentpnyestiag i oortiodids ginpxysitiide film and a nitride
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applyirng an e ctric tot nltrogen
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object to be processed to forman oxynitride filmor

inventien tsrahdeacterized yncomprisingfracediog atsaldd diglee:tnc qrpateast one of opposed
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and/or ﬁgﬁ%’a%t ?récﬂn':g ec?e%%gﬁgarg géf‘qﬁqg.?ﬂ)t a§ 1v@'ntltﬁ'(9g%gr§89c‘ri‘§s ?‘tﬁ:erved by
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opposcd rttchroddse appilyiap ah epgunid Seld tgehe nitogpn gpo sed brigging uhe tosulting
nit rogen gas not reqU| ri ng rare gas m X%g:%rf conponent
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plasmaeréﬁﬁtcmﬂacta\wdl Uhebipgt ke be miesessedioglofrA an ARy a8 nétgide film on

a use I\/b preferably, the nitrogen gas
| asurfa‘if’oorf E‘T%@?e‘éﬁ(’g%’r&gesé ‘equal to or lower than 0.1 % and

i 9hBlord ?ﬁege %cl &chtrr%e ){grﬁﬁﬁgé ?ﬁ}nehéxqﬁg 11f11bfbved device

aspect, escrrbed nitrogen gas I's
charactBii @fs Ré bk )forrﬂint ﬁ%emugg@ g&%@ww@q@ém@%wmmt equal to or

oxi de at equal to or lower than 1 ppmwhen a nitride
lower thard &i2% and higher than 1 ppm. The nitrogen gas containing an oxide at equal to or
lower than 0.2% and higher than 1 ppm is a general-purpose high-purity nitrogen gas not
requiring rare gas mixing, component conirol and the like. Therefore the nitrogen gas can be

“easily used. More preferably, the nitrogen gas contains an oxide at equal to or lower than

0.1% and higher than 1 ppm.




is formed. Further, if the content of oxygen or an
oxide in the nitrogen gas is 1 ppb or lower, an
excellent nitride filmcan be formed. The oxide is,
for exanple, NOx, CO2, or H2O. In a nore preferable
speci fic aspect, the above-described plasma is N2 (2"d
p.s.) and/or N2 (H 1.R) active species as active
nitrogen speci es observed by optical em ssion ) .
I a angre predgrgble spgoifeg pspesty eyabowsrhsscribeg RiPEYcggsiia a high-purity
. species .is present in the above-descriped plas as. .
nitrog fIRas YT YRE ORI GG aN CXKIEeH BRI BT GEH T bR SHTaA & htride film
. ec C itr ich:
s fornB> RARRE by ORI N Ted iy URICTR B RO B3 1P or lower,
an excHlABHIHR il dahBe Nanded. dTRe Sxille B foNexdukbik, XRDx, @01, loY €L0.
species. If filmformng is performed under a pressure
& awiire prefdrsise speetfiovaspadt] the gbove-depathed plamme: id dbi(P¥nts,) and/or
an excellent nitride filmuniformin binding can be .
N (H.E B} artige species Bs giveinitiagen spaeias@bsqreasitbysepticahgmission spectroscopy.
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active giteciesvhi I Hilm HernNAg (2pefpmed Jundata pressapreati vesiclafipsaadive nitrogen
. nore frequently than N2 il" p.s.). If film formng is
speciesyap fgminaat, amepsiellent pitads fifra vatformincinding capbyg forredh atsa high film
. Or .1.R) active species is dom nant, an
forming spf e I e RRkes e RAGRF 3 Irne B Ro g’ can be
O TRA. BTN, (Rl empeep i Ry SRREA e biffture is ppresspre caue
to or Highethg 300 Der farwiteh tHrdL (Hh@)aﬁONE(ﬂéWJ e species appears:
, pressure in the case of formng oxynitride filmor
dominanithyrasdbe aétivnriiyogesi spgeiehebssetet dy dpdicalf eminsion spaetroscopy, and at
Jade filmand . a nitride film of

.. oxynit t he esgnt
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domindht, 4 Seelidnt MHQ MR InTORE BfndingVMah SERBAAdUA1&Shigh film forming
i ncluding roomtenperature. Preferably, the

speed a bov emperdtirenmdiug algirdoditehpattorec 1S a dielectric
formed of, for exanple, a netal oxide or a netal, :
Ailsos ifiBloy frmingsisgpesionned ande dhe abave-deseribeg rsessurgpinythe case of
. the soli dielectric,is a dielectri.c containing.,. '
forming it fmnioy a6 i by Sy Behd R intod aB aesiidg iim and
. | i bt . i=h i Y] i i .
o i s S AR ffo it i SRR FAAST improved
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' an oxide fromthe o o . .
Preferably, the above-mentioned solid dielectric is a dielectric formed of, for example,
a metal oxide or a metal nitride such as a sintered ceramic. More preferably, the solid
dielectric is a dielectric containing substantially no oxide, e.g., a dielectric containing one of
aluminum nitride AIN, silicon nitride SisN; and boron nitride BN. If a solid dielectric

- formed of such a nitride containing substantially no oxide is used, a change in the amount of
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solid dielectric, can be prevented and the anmount of
an oxide participating in the formation of an
oxynitride filmor a nitride filmcan be easily
controlled by changing the anmount of the oxide
contained in the nitrogen gas or added. The plasma is,
nmore preferably, a rempte type to be brought into
contact with the object to be processed jn
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an apparatus_for forn1%§ an_oxynitride fi| mor
speciesrappeargieominprly, athanghdh p@ﬂ FRyis nepyrse@izest ect r odes

e a0 U RS, Ry i
includetrﬂéﬁéa ] PR3 (iﬁgﬁt g'aﬁﬂm (@f¥gen or an oxide at equal

ower “t 2% 1'nto space between the pair of

arp eeffidictl RCiet Bdtesirface temehaiie oNtiobbjagnbbengodsed to 50°C or
electric field (which may be an alternating pul se

hlgher,epleﬁftrahbﬂeloﬁfc aor bigher. welkerelie ator hepdf fas| bijating 2 tertipplacly high
tween the el ectrodes; and a nmechani smfor bringing

tempefﬁpﬁs(ﬁﬁ 3B Oh%ly:r} he electric field into contact
f
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pitride il inddtes taYpaitbft 5RBSR dasiro@eNtath Ais0Bd GG BEing@Provided on at
oxide at equal to or lower than 1 ppmwhen a nitride

least orfe dfroppbsedfisarfaesd; a Aleshanitth orrintrodging ageisrogsn gasniontapyey oxygen
gas contai ni ng oxz@en or an oxi de at equal,  tqQ or
or an okigpuet equaktn op lowsrdhan hR2Yrete a Wase betweRn %awr aﬁopposed electrodes;
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sine- BJeaeié%é Relthi& the Hiacd 289 ebh ﬁ‘le) Wd@sr a8 a Hedhallsm for bringing

active species appear dom nant1 y as active nitrogen
plasmab@Ede@Dy the electric field into contact with an object to be processed.

In a more preferable specific aspect, the above-mentioned nitrogen gas is a high-purity
nitrogen gas containing oxygen or an oxide at equal to or lower than 1 ppm when a nitride film
is formed. Also, the nitrogen gas is a nitrogen gas containing oxygen or an oxide at equal to

or lower than 0.2% and higher than 1 ppm when an oxynitride film is formed.




observed by optical enission spectroscopy. Preferably,
the nearly atnospheric pressure is 300 Torr or higher.
The nmechani sm for bringing the plasma into contact
with the object to be processed is a renote-type
mechani sm whi ch brings the plasnma generated in a
di scharge space between the opposed el ectrodes into
contact with the object to be processed in a diffusion
treginene prefesille spachiec ahpsdhihe gbovspneioned waema tisheplasma in which
opposed el ectrodes. Al so, the present invention . )
Ny (2 pB@S AT Ay @iﬁﬁp PP eSIeriEsRRRTET dominapily @sacliys nigjogey species
t he. above-descri bed nmethod or apparatus form ng
obser gl r TP RS IORER - e 111 m and a substrate on
oy S ) e T mis
\fpgyrf érig%lsl’h%g g%ér&g{ %tgfotgl%l eﬂ% Emsggggﬁoﬁﬁvwe%ﬁ l%lr a uniform
Thé fietiganisnh Pordbaipaleehopladnoyintempeicatvithehe SYj@ tERERYcessed is a
nitriding can be forned under a nearly atnospheric
remotegypswacianizyn whichi lwtingg thegdesmsogenerated depdischenge space batween the
itriding time or the nitriding tenperature. Al so, .an

OPPOSBBWHFPWS@% Faniact yyitidhe obiect tgvhet RIpgRspask ipra difugion Jpgien outside

. pitridin nd vin i nor.oved dielectric
the dlscg‘r%egg?cé%eg‘?’ ?eggﬁ%ﬂ%‘%s%daag%’fﬂd?se nt c h_ar acteristics can
Agsof ﬁ{e:ﬁéi‘.,effﬂﬁ%ntﬁn ésh%&?ﬁﬁm@qﬂhﬁaﬂrﬁWe%Hnﬁ%ﬁﬂed by the

optimum filmformng conditions can be realize
above-adsegliad mgtho® oL amiaeauploasing oxyBtridf filDeser nigide MmO ind Heubstrate
Drawings Figure 1 is a diagramshow ng the effect of
on whigly e swyrdtride flim grobenitileddmas fiFingdre 2 is a di agram
howi.ng an exanple of .fields of appligcation of ‘
SETIHRG 1 e Prepesit Vet ﬁéﬂﬁ@ﬁnmﬁsrﬁ%&ﬁﬁﬂ If pfifovy femperature
. f i ion...Fhaur [ :
it 08 TRAARD HEDO Ol e PEERS b EMERE LA ER Bt Bacion
not depRAdcHS bR theSRORNINOHAO BYthe AREMASH tdhSicpfug, di rect plasma
technique; Figure 4 is a diagramshow ng the results
Afsos pr okyaitridenflny sagabiznofhiotv-egperapira dilgh-spead attiding and having
. observed as shown in Figure 3; Figure 5 is a diagram
improvesh shglerdrie haragigpdios sod ded qument rhayastsriptics e bp&umed| under a
) naggsLs on _lum nescence fromnitrogen plasma
neary%@’n‘? NEHERTSPUIS pressure of 45 Torr and on enission

Ao 05 AR08 s DS e

t echni que;
Brief Description of the Drawings

~ Figure 1 is a diagram showing the effect of pressure in nitrogen plasma;

Figure 2 is a diagram showing an example of fields of application of a nitride film
formation method and an oxynitride film formation method of the present invention;

Figure 3 is a diagram for explaining a nitrogen plasma optical emission spectroscopy
method using a direct plasma technique;

Figure 4 is a diagram showing the results of spectral analysis on nitrogen plasma
eﬁlission observed as shown in Figure 3;

Figure 5 is a diagram showing in a superposed state the results of spectral analysis on

luminescence from nitrogen plasma generated at a pressure of 45 Torr and on emission from
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Figure 6 is a diagramshow ng the results of spectra
anal ysis on nitrogen plasna em ssion observed as
shown in Figure 3; Figure 7 is a diagram show ng the
results of spectral analysis on nitrogen plasma
em ssion shown in Figure 4 by including a wavel ength
regi on portion other than the wavel ength regi on shown
in Figure 4; Figure 8 is a diagramfor explaining a
nitrogen griasirer genpmiteni stropessuocpof ¢3) Tpirasmissienitegigorbserved by the direct
spectroscopy nethod; Figure 9 is a diagram show ng the
plasmatedniqus; of spectral anal ysis on nitrogen plasma

S 0 R P b S b5, B
emissidt @RORE1 %&,@hngﬁ% e/ N2 pl asma eni ssion in

conpari son w other; Figure 11 is a diagramfor

Bigdkai7Nis NG dih@fdny 3hdwiRg Ghe rERI1E rsfssika_fhl SSRGS WA Rltrogen plasma
active nitrogen species; Figure 12 is a di agram
emissigheldwg ih hBignesdl by infludipg i atavelehgthi mgimppation sabgy than the
for nitrogen plasma; Figure 13 is a diagramfor
wavelepgihpegiph shayruindigiraitni ng di schar ge pressure

ERRECH 3R 3 Besginaor sThEREE o Rt BaR O P g cmision
Spectrog‘lgog)g?]g({q@ependence of active nitrogen species N2 ;

is a diagram schematically show ng the
BRAed VUistd Algfim Shewiay hé rédulls ofi dpdtrd] GRAIYEY APRiXOREN Plasma
according to this enbodinent; Figure 16 is a diagram
emissighibsemvegd as ghubman Fiduragie wavef orm out put from a power
supply: . Figure 17 is a di a?tr am showi ng conditions for .
Kigurg oY ingp dieeamsihogingsthe sesults pf spactrahaalysis pndyapjpgng emission
aﬂdHeé\Eﬁ)\gi ﬁrﬁg"’st he .{)Esulots of X- rt%\%acglh toelectric
O AR HESEPEREh iCride filmfornmed by
: C o | on. Fi . _
D S o R e o PR fnisTp S e b acive
-nitrogeflispeidst on of nitride filmforned by the apparatus and

method in this exanple;, 7 Figure 20 is a di agram
Eigowd ng idi @|deagram cshowingatheeraselts o8 apticali emisslen fspeqiwpscopy for

. fo[msd by the
nitrogen plasma;

Figure 13 is a diagram for comparing and explaining discharge pressure dependences
of N, plasma emission and He/N> plasma emission;

Figure 14 is a diagram showing a nitrogen pressure dependence of active nitrogen
species N,';

Figure 15 is a diagram sc.hematically showing the construction of the oxynitride film
forming apparatus according to this embodiment;

Figure 16 is a diagram showing a pulse voltage waveform output from a power supply;

- Figure 17 is a diagram showing conditions for nitriding of a Si substrate;

Figure 18 is a diagram showing the results of X-ray photoelectric spectroscopy
measurement on a nitride film formed by the apparatus and method in this example;

Figure 19 is a diagram showing the state of binding in the depth direction of nitride

film formed by the apparatus and method in this example;
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apparatus and net hod under filmform ng conditions

wth different filmformng tenperatures; Figure 21 is

a di agram showi ng conpari son between | eak current

characteristics of nitride filnms; Figure 22 is a

di agram for explaining analysis of a direct tunne

current; Figure 23 is a diagramshowi ng the results of

measur ement  of aﬁpljed_volpage (V)-1eak current

FigurendY) isgf diagvam shewing didleaitic pharadtetistied ohnifrslefdms fgrmedey the

appay at us _an t hod .of thjs ex e; Figure 24 is a
apparaigh g‘&[ BEnSH sw%s gi?rm waHing sonsHtiass I"Y@gﬁﬁ?ﬁe{‘?ﬁ%}a{"r"‘a% tRmperatures;

Iéf)glg%p?grlsm &in %ﬁq%mtzsglgwgnagggogﬁﬁ@%ﬁcz%%gﬂvggﬁt ega?(dcu%en{ Ighac'racteristics of
nitride b Ekness- pressure characteristics of a nitride film

and’ emi ssion intensity-pressure characteristics of

Flp@ra TEM K b diagdah forexpRibinemalydis(of adiBctSunnel burdertase

where the pressure of nitrogen gas was changed; Figure

Piguies2isai diggrammshoninigribe telveltst ofl measiiemlenteafsapplied valtage (V)-leak

tenperature characteristics _of nitrjde film when ths )
current dAdaa ) of thsr 1.Rinm Hyennigade e famsd dadhe ppryptas and methgd of this
di agram showi.ng, through conpari son between an

examplg’t nospheric pressure plasma nmethod and a RF pl asma

Lok isti‘ﬁi_agfahfi&ﬂo%ﬁé‘ kheh& YeGilicd Ritfddiioh Gh Hm! folRing by the
and the thickness of nitride filmto be forned;
apparaths gt @ethBd ofthis ckam@ieam depi ct ed by changing a scal e of
Figure 27, Figure 29 is a diagramshowing the
Figheet 2 olssidigerbmtshewingtthisknass-pfessus clfragéristicelef 4 hitpde film, and
. .and the substrate temer re through conpatjson .
emissiQR{FRSHHY - BHESSH s cspﬁ?@g BFuiral AL YRaSPeRiEs M2 Lin a case
= ) is a diagram show ng the
where tggﬁgsgﬁgﬁ%ﬁgg%d%s%g#%ﬁ’ nitride filmform ng

BRBAY 24 4% diffr8Y sBowihg! tBe flif GiIBIdIcESRiRidiAPtetnpefhr@reGhS@cteristics
where oxynitride filnms are fornmed by the RF plasma

~of nitriad film dberd iheprdssuraofinit@ppagatwes chattetthe nitride film
form ng apparatus of the present . invention; 8 Figure
Bigures2 Gischi dagram shpvicn Hirened) eostparizoncheavertt aty ataopphisrig pressure

s AFAL BHSFe GHEE 42 BE  Rbe  e
 thicknes\6F RRAE Film to be formed; :

Figure 28 is a diagram depicted by changing a scale of Figure 27;

Figure 29 is a diagram showing the relationship between the thickness of nitride film
and the substrate temperature through comparison between an atmospheric pressure plasma
method and a RF plasma method; ‘

Figure 30 is a diagram showing the construction of a RF plasma nitride film forming
apparatus;

Figure 31 is a comparison table in a case where oxynitride films are formed by the RF
plasma nitride film forming apparatus and the nitride film forming apparatus of the present

invention;




between the el ectrode plates; Figure 33 is a diagram

showi ng the rel ationship between the rate of addition

of oxygen gas to nitrogen gas and a flat band shift

of hysteresis characteristics in GV characteristic

curves, and the correlation between the rate of

addi tion of oxygen gas to nitrogen gas and the

hysteresis width of the hysteresis characteristics;

Figyee 82 3¢ aj dagiantj hgwing @h%wlng:halraeteriaﬁcatcifocn@hitlpide films formed

bet ween the insulation yoltage (dielectric voltage)
accord@ﬁcrottﬁ% amaupt of 2qdiinn of e HE¥HGIngHirpeRn gas; igtrpfucsd ante; the, space

f, 0 i xed,in. nitrogen gas introduced into the space
bemeeg‘élf‘ev\é%grﬂoiﬁﬁglagfséct rode plates; Figure 35 is a diagram

show f‘lgistah(ﬁaélﬁ&us{ht)%ﬁ%fth§ Ra@eﬁfohﬁh% BERLR R AR cﬁ'%éﬁihg Bf oxygen

from nitrogen plas observed by the direct plas

gas to tnfiedpeh (ae and enflmobamdyhen of asstemsis aftgbtetisticsht €00 eRaracteristic
gas introduced; Figure 36 is a diagram show ng the
curvesyarndithe soroflatgyelmtwedn the sty of additivnerf sygengdsrtomitrogen gas and the

ni tr.oge | asma observed by the direct plasm
hYSteretS’éé’ﬁgﬁ%q{ﬁlél?WéF?ch@%m\%bs added to IOni trogen gas

ihtrodyced; FEiqure ;37 .i diagra ow n he .

P e T ehg By pRfo gl BNePR ohe Mapuaton, poiase
_(dielecfﬂ%levcﬁﬂgé)sérﬂﬁtﬂerﬂeﬁ@ Eﬁﬂi’éﬁﬁ fd%géﬂdh% Stk Pt of 28MEod RE O, mixed in

rel ati onshi p between the oxygen gas addition rate an
nitrogehlpes Bifodsdedinto nheedpatd hetve@nthdBeptrale pldies; basi s of the

results of spectral analysis on em ssion from o

Higwrogdérs @ degmnwishowing she eesuity of rpeetted rmgelysis ron amissioh from

. addi ti on of xygen. gas; and Figure 38 is a di agram
nitroge iAo torces B 486 QAo Pl PR sRRB e RERP Ao BES 8 PRbAdded to
: f,. 03 gas and Si 2p binding energy with respect to
DIroge igﬁpn@@gl%ﬁgﬂ by changing the rate of addition of

DineenN6 das HRghint SROGE GRS redBRS tof P&l Ahakdikrofl BRisSIdh from
the I nvention [Summary] The present invention

nitrogep rppasntke sbsarvedt tyo theodiraeh plagmia ngemiiquei wherpbagter gas was added to
o generated hy an atnospheric-pressure plasma net hod
nitroged gas w#egigds a nitride filmformation method and an 9

I AC LT R R, S—
and m?ﬁ@kkg%auigﬁ:ggwof?&?fgﬁs Wlp DeafplR Rlaibhp Béerh | BWoREen gas
addition rate and the emission intensity from NO-y on the basis of the results of spectral
analysis on emission from nitrogen plasma with respect to the changes in rate of addition of
oxygen gas; and |

Figure 38 is a diagram showing the relationship between the rate of addition of oxygen

gas and Si2p binding energy with respect to films formed by changing the rate of addition of

oxygen gas to nitrogen gas.

Best Mode for Carrying Out the Invention
[Summary]
The present invention provides a method of analyzing nitride plasma generated by an

atmospheric-pressure plasma method and provides a nitride film formation method and an
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shown below. 1. Method of anal yzing nitrogen plasnma
Optical em ssion spectroscopy (OES) Eval uation of
active nitrogen species 2. Method of nitriding with
nitrogen plasma Method for formng a nitride film

Eval uation of structure Kinetics of nitriding
(nitriding tinme, tenperature) Method for form ng an
oxynitride film Evaluation of structure, eval uation of

oxynitrigieefilgr formatien apcthade pp dkq basis vk ERdings wbtpned; by thei pigridss plasma

.Si_under _hi gh pressure The present i.nvention uses a ..
anlysigy e oS GLRE ST Wy i A OB LA B8l PoiaRes of items
shownﬂé.h%ﬁ] or anitride filmis forned by a nitrogen plasna

net hod under a condition of nearly atnospheric

1. PEOR3WenalfSndARvetisladiyention in the earlier
application (sSee %atent Docunment 2). The present

i Optéal émaissibhepetros@py &BBS) t he advantages of film
form ng under atnospheric pressure, as described
bdivglmatioe eEadtive nifeged speRigs pr esent i nvention will be

i.ef| made in.relation to the above-described art
2. ?‘%ﬂtoe@’faﬁpgﬁngr“’lféldmr%eatn'?aaﬂ%a Figure 1 is a di agram
! i t feet. ressure in nitrogen plasma. In
?P[?%r%)&g?rrrf?ﬁ%l %ﬂ%ghd%@]ﬂqpl asma nmet hod and an RF plasmm

mghhadtieebf @rurRgfe at a | ow pressure of 10-4 to 10-8
Torr, nitrogen cannot easily be introduced because of

t Hanttiow of pitading (@iridng tilheatteraperature)gen defi ci ency can
occur easily, as shown in Figure 1. In contrast, the
n¥iethod & fproaivgan eeyidedimt he present invention in

ich filmformng is perfar .at. an._ordinary nearly
acppten PLoails dy et SRt Safm bR (e’ anoun
OiMBULARBAS HBkIxE P RFUndPRENREAGRET O Of nitriding by
I NnCreasli ng the arount of a ctive nitrogen speci es.

Thepresat hoentadn dsbea PedEe brocERE toh@RoBinSShitle s 68fmitriae film or

species in plasma and therefore reduces danmage due to
a nitridg filrs nmformed by guriwogeni pdasmadhethocinmdsh ewiondjtiam of rearlyl asmosgpheric

fields of application of the njtride film formatio
pressur?re%g%esaﬁ#a NKRPTIOR iR WF  sgrieF iaPRIGaHPREE O RatRRt RogumaFnttHe The

present REERE54 tﬂe?é{fg{ét Hal?ég'the advantages of film forming under atmospheric pressure,
as described below. Description of the present invention will be briefly made in relation to
the above-described art in the earlier application.

Figure 1 is a diagram showing the effect of pressure in nitrogen plasma.

In film forming by an ECR plasma method and an RF plasma method performed at a
low pressure of 107 to 10 Torr, nitrogen cannot easily be introduced because of the low
pressure, so that a nitrogen deficiency can occur easily, as shown in Figure 1. In contrast, the
nitrogen plasma method of the present invention in which film forming is performed at an
ordinary nearly atmospheric pressure ensures limitation on the amount of nitrogen deficiency
and promotion of nitriding by increasing the amount of an active nitrogen species. The
‘method of the present invention also reduces ion species in plasma and therefore reduces

damage due to plasma.
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In a central portion of Figure 2, Silicon nitridation
(SIN, SiON) disclosed in the earlier invention
application is schematically shown. The present
invention includes this Silicon nitridation (SiN,

Si ON) techni que and constructs a nitriding process
usi ng nitrogen gas on the basis of the nitrogen

| asma anal ysis method. The nitride filmformatio
d inpdiagrsn sl@wlﬁgtamea@nphelQﬁﬁﬁmftm@ﬁca’f@nwﬁdhﬁnmde film

o LS YRRt i o
%daﬁ] c&ltﬁng@oﬁ'ﬁ?%%gﬁi 2 fSQfl fﬁde a%steﬁ X 88 earlier

1nvent1b1§‘ ppiadatiBg i8R Aadbalfy Oéhoammhé rp%b%htsin%ntldﬂl ﬁ‘lbludessfl@d Bilicon
anount of nitrogen N as shown in a left block in :

nitridatfangi$iMé, FAOMNINethnfque sk anpirects baitrtimgprogsausing nitdeen gas on the
sem conductor (e.g., GN, InN, AIN) for a |ight
basis ofhe nitisgenipligma aaelysihonthady  Therrigide iﬂnbﬁqnn@homngﬂwé and the

s TSRS R0 R I i e
can be Os?ﬁéﬁg'ncﬁ Giddneer ﬂeré?ﬁ%“ll@ég QME? he dép% iB4 SR ek in ¥ d(():})mg an

eric pressure p Bl aci ng
oxide (g ge Iz&e% MH0,9 B #highQASEctA8oritan® H@Ql%ﬁﬂ% ﬁiatérapﬁﬁ aqsf/fos transistor
el ectrodes opposed to each ot i nt roduci ng
with a srnﬂi agemntgditragen N,s shpaue & b &tfiseck irhEtngi 2, andl, for example, to
opposed el ectrodes, and applyin an electric field in
forming a mifEide svmicHRAURESE ¢ h Eiall) Ng@ru xlight soykingidindg, as shown in

an object to be nitrided to forma
ar1ghtﬁ]loglﬂrblélgpg| on the object or dope the object wth
nitride. Exanples of a neans for bringing plasma into
contact with a silicon wafer include (1) a
[Methodiofagdlyid@aiti®aplassed] pl aci ng the object to be
nitrided, which is an object to be processed, in a
&Ths ptmclgengepmge if @nnqthlsmawlyeh eﬂmreobfbatrmngas hebtained under a

posed. el ectro and bri.ngi ng the pl as r%tlg
nearly et@rmsa@quq,\plteppugen Y@BJ arpsphgrip OIGSSWIE %S(I}la Bl§ 0@3 acing a solid

d1electr%cenma?l ! %Iﬁgne (goiaog d %ﬁrrfan(%' B%u?%f'%lecg &%ro?)gﬁng%ﬁ tp <2 each other,

ween e opp nto COﬂ act

mtroduel%gﬁﬁroéeﬁ 428 ilb AL bittiesn tlfc“ falrUst QP oSRAHI QAroQeY, §h&' 8pplying
di scharge space. Figure 3 i's a diagramfor

an elecmcpﬂieid i pglsafomint bebgem the elscrodepis ralighe itsootact with an object to
spectroscopy nethod using a direct plasma technlque

be nitrilest todfprra emitiide e oy rthﬁg)bwcg@rr@pgttwmﬁyﬁﬁl aidei on.

E%fngé Q%H %lgﬁFsrtggé%?ﬁm%ﬁlﬂm %{rﬂg eq@%t %ﬁtgga sgl czs)lgﬁiyafgfmclude (Da
direct—t&#}éﬁ%@ﬂasgc? (ﬁ%ch?%{hg%% ctlth WA qgﬁglz %dans(lﬂﬁé&?@ﬁe Fssed ina

lelectric is prOVI ower s
dischard@ spaRE f@ﬁﬂés&ﬁar@naﬁtealb%@wéﬁ&hertq;pe&e@cawdt@d&d Qﬁdjbl(u%nig the plasma

an electric field in
into contact with the object to be nitrided, and (2) a remote-type means of bringing plasma
generated between the opposed electrodes into contact with the object to be processed in a
diffusion region outside the discharge space.

Figure 3 is a diagram for explaining a nitrogen plasma optical emission spectroscopy

method using a direct plasma' technique for directly observing a generated plasma portion.
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pul se forn) between the opposed di scharge el ectrodes

11, a nitrogen gas supply unit 13 for supplying

nitrogen gas, and a spectrum detector 15 which has a

probe 15a di sposed so as to face plasm 14 generated

bet ween the di scharge el ectrodes 11 by application of

the electric field in pulse form and which detects

the em ssion intensity and wavel ength of |ight emtted

Retmiing to Dgere Hasniiregepl dasme dndicah enTikgiom spectygssapy kppsamatus 10D
has a Ho ts(!t)é?i:scg;grrges ?ép?rgﬁ%spe]ecﬁa{\gﬁ&c 8}?}%@(’,{? glﬁ)r%{ggt% grg aépg:) %Iﬁglid dielectric is

T T
pulse BRAFbWEES theFIpPHEcR dschirg? eflicREEAM S @%Sgetntr %ag sﬁﬁgl#’llﬂﬁ"t 13 for

of 'spectral analysis on“em ssion from n en asm
supply@g netedencasno@ra epepthaa Slefeetodll 54Phidlohss b}zﬁrdlzbéilﬁg dispésed so as to
above-described nitrogen plasma optical em ssion
face playes i 4 gsewplpd bpiyveen thesdisdBrgenclewivsies Vi dy pplidationliof dlog electric
. pl as technjque. A portion of Figure 4 correspanding .
field iny Eiﬁwan%étpeng{] Which dsierts GeF emiseion igtangtyiagd vepyelgagth of dight emitted
' r.g t .. he ordi nate represents.the em.ssion,.
from @8R8, B Blos Wi, Fof e SUEHRL it Fpd S sF¥btroscopy
B P o B i AR plasma
emissicspparatopelidehirghibitag iressofe biadhidiging peesur@cid@imur e
of 45 Tort, that is, in nitrogen plasma generated in
Higussvdpises siiggam ediowimg the shien of spectigbapilpyis oh emission from
. Fi gure 4 surrounded by the ken line. Figure 5 js . a,
nitrogelypia AU A B . P05 PyBEIE g 2fuierlesige hitrogen
 he. _ 0 | . Dl 0
plasena (Y3ichE SHfidon oot AB6hY B0, Y007 ol (BT B0 bt Uit plasma
technigfi®0 ATUHio @€ Fiduh® 4SRRspoRaMat toORSy trdhafoot 850 i
° 1C'lpr essulgtgtlwas c#wéa]'ﬁééed, a%ﬂtf%mfgch vvase@eélgggr \r/ed by the (pm) is
shown din ae ainlapgesstatet eThaogliveate raprdseniurtke Bnigston ipensityotkeps) and the

. the results of analé;l)s is showmn in a state of being
abscissg frpsessnis e wavelangtly @)y + Sheopprspanes of anspsitssipscighelpitrogen N
. i p_Fi i ssion,. f it I
in atomlgtg}ﬁlg? %écgnﬁxﬁlgegdra ?c%f@%@w%& &%h%g%e%%%@a&uﬁﬁ@der a pressure of 45
Torr, PN, il AR Pfasm@%e A & ld:v{i-%fgsﬁlré r?g%rﬂggl?rln&fm in a portion of

em ssion of Ti1ght fromnitroge I n atom
Figure 4 ppeauridad bathesbriteendinengt h about 820 nmin nitride
g‘l asma generated at a pressure of 45 Torr did not
gprab i5 a dingrawadewots aiwavelgegthl0AME (geneodioadofathe gesults of
ressure of ., 45Q Torr. 12 Figure 6 is a di a%ram

spectral Tt FEIsFIEY %mgpg%@ewg%w avypsAeRegiedetp Pugsgyre of 450
toe i R BES  Fr PGEMES o BPotere
by the direct plasma technique. In Figure 5, the portion of the results of analysis is shown in
a state of being superposed on the results of spectral analysis shown in Figure 4 on emission
from nitrogen plasma generated under a pressure of 45 Torr.

It was confirmed that, as shown in Figure 5, a peak of emission of light from nitrogen
in atom form appearing at a wavelength about 820 nm in nitride plasma generated at a

pressure of 45 Torr did not appear in the case of nitrogen plasma generated at a pressure of

450 Torr.
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- plasma optical em ssion spectroscopy apparatus 10D
applying a voltage of 3.3 kV to the discharge
el ectrodes 11, and observed by the direct plasm
technique. In Figure 6, the ordinate represents the
em ssion intensity (kcps) and the abscissa represents
the wavel ength (nn) with respect to observation at. a
Eressurg of 500 Torr. At wavel engths about 300 to 400
e 6t isea clirgmam athowing deutesells af spastyel apglwsiNDn( @migsion from

) .§.) in | asma formcalled _an N2 second positi v .
mtrogegwi%%m %%gateﬂo@i 3 prresues of éﬁq TREY 01 Hbd B¢ P9 erdessaibeg nitrogen
as_'2'd p.s.") i.s domnpant., This N2 (2d p.s.) i n
plasmac Gptefl St P grd Spbale Wil N7 aPBablie Rilads Shaifky to e
discharBt ERSRORE 1S, RUSBSH& @sthsg}rgagg%ﬁa%&ﬁqﬂeneqw librium

plasma 1 n N2 plasma a the N2 Herman's
nfFigre & tlsey stdeintd heprelenif heremisi@r tchsitp (RepshlandRhe abscissa
descri bed below. Figure 7 is a diagramshow ng the
representssthk twavelength ot avitla resbgcs its obsereationsit anpressum of 500 Torr. At
asma_generated at a, pressure, of 45 Torr

nitr o%en &J . as .
waveleagigansbpy H0gter 00anmnk the AbsreglignyrepHis, nHrqgen 2ap Nesifa p-s) in

s Ty 1B AR P LR R BBt
~as 255,990 R&irMl I THEA,LO8, s 8% ﬁhQ&’H‘zeixﬁtrgéaﬁusrtp%ciZs wWhitdh increases

i'ntensity itself of 'l gh‘?' emtted from~nitrogen gas

under M¥arly AGaogphéric pressufd @SdiPathospherit nbnsRilHrRRgplasnahoNt plasma as
300 to 400 nmin the case where the pressure was 45
well asthy N2 Hegnansdoretedsysismdberinafterngtpnied telas HdiRa) daseribad below.

A 6§ SR SRR Tt G0BIeURb AR S, S3pgon fom
nitrogeh PlasHAChehtlic b b APk 53U S 181 SREELEG FANAL YSha cBSYE by the
I ﬁél glﬁfe on emssion fromnitrogen plfasma at "a

' direct RaLSS1EMIQle, DY Incl@iing b twaeRn@h $60ibE p6:2ioh i oiiER dhdn BB Wwavelength
Figure 7 that" N2 (I nd p.s.) described bel ow appears at

- region steowal imrGgure 4about 600 to 900 nm A feature of the

Er esent inventjon resides _in the nethod of considerin

Fapdeicoufinmnedithaeas shpwaiiv Eigure bithe indenaiin itsaf of hght &{fnifte% from
nivoseh 538 ) A AL S BN e o
where the ggei‘ggﬂrg AL 4?1 %Pfﬂ@a{s‘ ré&;{be%i% Wedfels e?ﬁﬁu&]é ti P98 lrﬂo the intensity of

spéci es on the basis rogen plasma optica

light erftied Staa nitpspeh fpas DRAY™W.4.) it flesed Gre Weh viesRhibedbout 300 to
below in detail with reference to Figure 12. 13 Figure
400 nnginj the eesulitsaefispentfabanadyg shiominiy Figun 6 oo gevissppinafem nitrogen plasma

_ optic I Ssi on spectroscopy nethod using a renote
aiapﬂ5§g§ﬂ€§¥§g%ﬁique for observing bl own-off nitrogen

Pcl c%ﬁnéﬁlsoi b g(')ﬂcﬁxmed from Figure 7 that N, (1™ p.s.) described below appears at
wavelengths about 600 to 900 nm.

A feature of the present invention resides in the method of considering an active nitride
species in plasma and forming a nitride film and an oxynitride film under a condition where
N, (H.IR) and/or N, (2™ p.s.) in particular is dominant. Comparison between active nitrogen
species on the basis of nitrogen plasma optical emission spectroscopy will therefore be

described below in detail with reference to Figure 12.
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wi thout directly observing a generated plasma portion
(inside the el ectrodes). The sane apparatus conponents
as those in the case of the nitrogen plasm optica

em ssi on spectroscopy nethod using the direct plasma
techni que and descri bed above with reference to
Figure 3 are indicated by the sane reference

characters Ref erri ngqlto Figure 8, a nitrogen plasm
BERre 81is & shageam forsgrpliing éaﬁyogéwhsma@uf@lwmlﬁ%@n gpectroscopy

method S 2 cHe IR BBEII S ot bR 3G esngptagme itself

. Ori
w1th0ufﬁ¥\?%lyiﬁﬂ&%1¥g &%ezgﬁ%etgc?pl%xﬁép gﬂ _(1ﬁéih§fj}{éaeiéc¥}8d .egetr :Ngen
rhe senp appstatis %6&@6195%53&53@1%@&9&16%56 af Me! Hi@BEsH ﬁlﬁﬁna optical
supply unit 13 for supplying nitrogen gas, and

emissi@pspeLtrostopie heedtodrusidy ik difechplasma pachhiqud Bad desqnﬁ»s@dbw with
as to face an O%Fnlng t hrough which plasma 14
refereng@wel?lavréé g indisaisd b dheamergirace Plesadisties 11 i s
f.. V\,hl ch detects th i nt ensi
éﬁ”%{ft Fieft §  PFoRH AR RS TR &?%53%0°P¥ Apparatus 10R

has a 2 b Wschal ele-Et&Sd&' IR 8]%)}%%5@5!.9 vﬁfglﬁac" ﬂﬂi n%lelectrxc is

spectroscopy ap ara US I NS

providé & hoder E@pﬁel.’lcﬁﬁ abploingfanReeinating Blgctﬂbtﬂeﬂﬂgrg ,mlﬁ@emnc field in
optical enission spectroscopy under an arbitrary

pulse fpmeskaiweenbihe aipposd ntjschargs slactodasndi, fi mmegean@umpplg u'nst 13 for
a diiagram showi ng the results of spectral analysis o

SupplYl@mI%féQ&ﬁﬁ PR WHCP%‘Q% rﬁieﬁpfagrlrﬁ viesiehas Broly 198 |drr§§0%q¢e9° as to

face agRbhe BRG1gh " plabe 7 EpBiRERidsRdhe AelREg Yectrodes 11 i
blown foem%cﬁfdeégtg HOnfen Tsﬁy Qﬂ@ﬁz%l&%fbﬁﬁ%ﬂt%ﬁﬁtté@fmm n1}rogen gas

application voltage o trogen gas f

in plasigf €orff. STHd hitfopti plasmadbpticabsefivsisch kyectioscopyeappasatus 10R is
pl asma technique. The ordinate represents the em ssion
mstalled rin @rmamyel( fehsy tabd caprble eftprsfosmmeripegsneplesng pptical emission

wavel engt h AsshvvnlnFl ure 9, d p.s.),
Spectrofgapy ﬁqu% ﬂ%‘@%&%m%@ é ARG BESSUFECo H‘i"%}%nt at a
gxﬁ%\g %Hﬂ d‘?a[%xﬁH Vég&w%%otﬂén}esﬁltst Be sﬁ’é%%rS{ \Af’ﬁlySE‘ o"neéﬁﬂshl%n from

S a neutral peci es

m’crogeﬁ| %M%ezﬁ?at&@ﬁ?'t@ﬁ%t e DEGIHeLHRed ﬁm%%@n @)'Iﬁshi& éfiRal emission
observation results Description will "al So be made in

spectrosiipgiabparfitubN20R 2hderposdijionmd pi&srelof S®) Toirf zhdlsdfaegeeeic@rode 11
to Figure 12. The reason for the fact that th
applicatign ¥pliage 9683k, @p@ GIREOZRD g@ﬂw FAte of 5 Hieas/myn. (emd| obggrved by the
n itr o

d s
remote o EHGAGE ¢ e efdiell cErBechs bh Bty Heiny 0F) and e
5 )\ lﬂﬁes,ga, {]]%gge is not clear. However, it is
abscss ugsﬁlt’1 t hat tLe necessary active 14 nitrogen species
' A@ RROWE ilBFigarCEMNARM k.5 tvlicie isasndautiabadtive spéciéd)@ dominant at a
process in which various Kkinds
wavelength of about 400 nm in the observation results, and N, (H.LLR), which is a neutral
active species, is dominant at wavelengths about 600 to 900 nm in the observation results.
Description will also be made in detail of N, (2™ p.s.) and N, (H.LR) with reference to Figure
12. The reason for the fact that the neutral active species Ny (2™ p.s.) and N, (H.LR) are
dominant only in nitrogen plasma blown off the region inside the electrodes as observed by the

remote plasma technique is not clear. However, it is thought that the necessary active
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of plasma excited in the discharge region inside the
el ectrodes as observed by the direct plasma techni que
are diffused by being blown off the region inside the
el ectrodes, as observed by the renote plasnma
techni que, while repeating inpinging agai nst each
other. The reason for the fact that the value of the
em ssion intensity (kcps) on the ordinate in the
nitrogep gpesigsgemping plet eqrigin @mtancgﬁsasgi reiBiwf the prRicgwsrie whidnvarious kinds

of PlaSBia;é’wﬁ éﬁ ﬁﬁ?ﬁs gﬁsﬁqrp%es ?f‘lg%glr 3@?&‘? he ﬁée%acﬁqfeasoﬁb%eﬁvéﬁ by the direct
plasma%@hﬁf grelr th‘ﬁ&%'b&yt] gncbg ‘)/n Sﬁ‘ tﬁ{t‘%\%ﬁ% éz@eaEh% eie%g%@ees, as observed

Spect ys S'S are

by the féhfo'f@lﬁlﬁﬁnaoﬂeéﬁﬁ@eem§feﬁ@atm%%?fn\éﬁ% ﬂgﬁmgtha%cﬁj bihge!

pl asma technique is based oOn ference between

The rdasstbioe thel fastrikat thiceedhiy sfliike anfisivh entehisitgkepB) as e ordinate in

techni que. The difference between the val ues does not
the resylisadif specrabanabgischown in Riguted mmgemplasmemgapn abserved by the

tive species (2 d p.s.) Figure 10 is

remoteoﬁq%%%m%aw ) CtvvFé thary e §al‘6? 02 5%%?%81%@#%% (lawsmn the

ordinat®! n?ﬁg?regxgl]ﬁ of ;%ceac aﬁ?éI Ie% u'?f%ﬁm&"(s ?ﬂﬁo n H_%s%emlssmn
observe&’.iI @St'ﬁﬁ dﬁ&t%ﬁsﬁﬁ tEhnffde @'—baﬁé@éﬂﬁw'@fﬁ;}%e Heb@dthahd Rabte plasma

shows N2 plasma em ssion by an atnospheric pulse
technigpé asdethereliteadplashn dedhhizmon Dl diffeecheb ybeapgenythegvatues does not
electric field in pulse form The ordinate represents

indicate #ecdaphiandh die ameuah ef thy n(:wérabgtharsnemwé\la@ St shiaself.

E‘@E ﬁ)ggtasqlégg@fgﬁﬁf% tﬂgﬁesﬁé-‘f EE%S'PF éﬁm ;ﬁw emission
and I—I@'@Rté 'da‘rfa%hyéx @ﬂfﬁsﬁﬁh QH %ﬁh&%ﬁ GRRY a?ﬁlzcﬁﬁ Qng {wg He/N,

plasma i EforPbp mhﬁg niéfodd Rigudd m(aﬁ&dvﬂem ma%ﬁh%nﬁmﬁb by an

conventlonally used in ordinary cases. Synbols a.
atmosphrmb mulse plasfiguethod Oiag plaﬁmia ohitametltbg applyulgt & @éctric ﬁeld in pulse
ectral analysis_. on He/ sma em ssion_based
form. hfef‘gFl’élﬁie m@em@ﬁt%w%h@tenmé(HqES)c%meéﬁtab%&mSé Fepresents the
wavele qh gg to the spectral analysis results indicated by
25 [ n upper section in the figure is high. The He
r 9£4:0 ;
pﬁ“ﬁi&%@%ﬁ% e SRR D o RIS o g 2tk AR Hafia opica
emissionespedtiostapyi apphracisiiyReshoivg 1ﬂ11F£§mré BWeFiguten] ((Beshoes HE/N, plasma
indicated by a. in Figure 10(dg:mnth respect to the -
emissiorfbypiraBireplanmahoathos vine ehrap gesrtileils thisrresecenvanyionallyngsed in

rare

ordinarysases. N2§)(I§l§olaa %t :ﬁxglt}}@gl?e{] ﬁ(ga icl‘as%r]cg%m tf;to fgf qcniag analysis
on He/ﬁlm qﬁ&gnﬁatn @&gfoﬁa‘éa(égd RY cﬁffe}eﬂ% ﬁggggn%?xg]tpag%k Sfl%nhﬁséo%gentraﬁon

rom plasma generat e

re1atmgrt§tth@51>e§@51tah91951§ Reult@indicdRy lde)n SPRSRA Eécﬁbh Mthe figure is high.
extrenely low and close to that of pure

~ The He concentration relating to the result indicated by b. is lower and the He concentration

relating to the result indicated by c. is much lower. In the result indicated by a. in Figure
10(a) with respect to the RF plasma method in which plasma is generated by using rare gas
(He) at a high concentration, nitrogen ions Ny*, N; (2" p.s.) and N, (1% p.s.) appear. Plasma
emission indicated by c. in Figure 10(a) is emission of light from plasma generated by the RF

plasma method setting the rare gas (He) concentration extremely low and close to that of pure
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nitrogen. In filmformng by a reduced-pressure plasma
met hod such as an RF plasma nethod and an ECR pl asna
net hod, nitrogen cannot easily be introduced because

of a low pressure, so that a nitrogen deficiency can

occur easily, as described above. Al so, plasnma danmage
occurs and the throughput and the filmaquality cannot

be i nmproved because of film form ng under a | ow

nitrogegr e b dila . forminghler 2 refecedasessirerplasma r@&@dcs;whr@l axar]?& plasma

ol EFEER e o8 5 et Rt S it B
pressur; So }hat ar}ﬁtr%P(dE'ﬁcie@ céﬂ‘bbccgrs é{;?sgggsgglé%cﬁ??ove Y\?so, plasma

species in asna

damage?Ev@(‘}i.lrr§j bt ﬂfe‘}hltolﬁgh;ﬁﬂ e8¢ e filRY §RHP Rand@ bt impldel bedkise of film

2nd p.s.), obsérved as an active nitrogen  species,

forming smbaraloyw gesareat Fdrthet, Pearebi@aenerdt eonidyl andiafdn@ease in cost
reduced-gressure plasna nmet hod such as an RF pl asna ]
occur dustthdide ahtiragasECRn pliditiom tarthesrochmuibn Sravémcled, sachbef N2 (2% p.s.)

AN @ggﬁ fro thefact that, in the results of
and Nag Q/aW atgr the meygnl aﬁ'i“é?s??&m%&/\ﬂmioﬁe@b’é@é C%-‘{l‘é")r‘?d essential

accordl;ﬁg th thsl\lﬁreg%]t qn\%néoﬁs, tp%ﬂgctlplzlly 8]1%(?” ggasgagl Ni'gi: nitrogen
Spec1espl§hm&1y%ﬁe£@m1ﬁ Eﬁtﬁmﬁtgeﬂ@éﬁ@di %? gfsfiﬁg aall%ﬁh@edgﬁgssﬁx% ﬁ%@nanﬂbthod

and at “wavel engt hs about 600 O rim respectively,
such as anrRIS plesrha wethofl audian BECROASsmMamedédN2 ratio (He
concentration) respectively indicated by a., b. and
&his qep alsp he yndsrsiood Hramm thedfagt th@hveﬂ@ngmﬂ@ ofabemfatgmoof He/N

o RS GATTHAE S TS, B AL

ol 1015 T LBk D 0
and at Wi@enthsiabos d98to 0PPRA! fes d@éctlaely\ﬁi'i@é Bﬁl\!}é’oﬂfanﬁﬁ’%tm 4RIN, ratio

nmin the case indicate in ure 10(a), where
(He Conneguatmh mp@qtlaelyomﬂlcaa:cbb}gasb (akd )., Ns (Pfg@d; ) dtRervehst waNBlengths
g Il case act as a cause of plasma damage in

about 308tq H@ nahlscsa@pﬁiiﬁrﬁblaée#ch’fuﬁhe sHuRiopy W 114 gapceniagion of rare
gas (He% lilpé}tnlgelglngz lggrca% 3 ogslg &1 | uaecé1pgé%%ﬂgléﬁtgéu (E(ﬁ) * indicates a He
signal. eE%ﬁEéiérPé‘ﬁ li

el SRS 0GR N R9ESOD JBhhei | VoL S b Ry g n
case indibated by enisi Rigurefl O@ixi sissr©highfcohdegtrhtidit are M (Heh & LNEd' N; ions

appearing at a wavel ength about 430 nmin the case
N;' in thﬁﬁjﬁ@atﬁ@cmb%/cwse pAPRY ﬁemam lal) fonmjmgrael oxynitride film or an nitride
are gas i s reduced

film op og Stoat egtﬁg?léﬁleo {1] IpRASt eat H’let ﬁllglsec uiemﬁamglag is_1increased in

correspx\ﬁ&ﬁgl %vgtﬁtep]&ﬁ&?%ge é)ﬁﬁx)ere%g%%@‘{%h Eh%'tﬁose' oh {1}1% ql%&t?g a%%{}[]e species
N, (2™ lprst)%al &xmfR)e NS iRbnspl okeﬁkk%lohro@m%g{%r&% ) 1Bn§N2 dpPearing at

al so reduced, as nentioned above
a wavelength about 430 nm in the case indicated by a. in Figure 10(a), where
high-concentration rare gas (He) is used, is reduced to an extremely small value in the case b.
or ¢. where the rare gas (He) concentration is reduced by changing the He/N; ratio. In this
case, however, the intensity of emission of light from N, (2“d p.s.} is also reduced, as

mentioned above,
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In contrast, in the observation results with respect

to the pul se plasnma nethod using plasnma obtained by
applying an electric field in pulse form N2 (2"d

p.s.) and N2 (H.1.R) are dominant and only a little
amount of N2 ions N2+ is observed. As apparent from
conpari son between He/ N2 plasma em ssion by the RF

plasma method as shown in Figure 10(a) and N2 plasma
dhiceslrash ipythe pbsepiation resulis mathmespeotitcathe pilpsvilasni method using

plesmt 4 B cnbi ko b e Koo g St e
dominft amsnlgeaqﬂﬁggﬁﬁmgg; foRhEempIELfipd (al so called a

vacuum plasia 'y used in ordinary

Q%SQ%paréﬁ‘ ET) s c()glgaﬁso%- Det®Bh M2/ HplasR AiSsiPHY BOIRF plasma
: i n observation of nitrogen plasma generated as” shown

method fas sh@wii én Fifupy 106n) hé NaupisEnpEaER@dn BYEthBQfhlseThlbEna hdethod as
is difficult in practice to use a reduced-pressure '

showngn igwee HbhoH (Fles) ssloarinamRin phsssatiomef hitdgor plasmE@Rerated as
o] g.srm E& Elgd for the purpose of obtaining N2 (2"d
showndn Figure, A0apby thereduggyl-pigssws Phrsgaraeiped (alsealipd aspeeyra plasma

k. ni | Qs .an ner at,i 03ndQf 3 . .
etk RN B 207 PSSR ek o B B lptomin
in obsERhtRMoChirb B PRGRL BEndrNERE SRR iy Wi 10 ? %3 e Bﬁl_se lasma

generated under a nearly atnospheric pressufe” by usi né)
methodn Hhkgit iwdiffivglteh @edctice tof iselackedidegipiessdrt pl@nt Methodgfh as an

nol ecul e potenti al ener%i; (e di agram f or expl ai ni ng
RF plagap meghadey 20 ECRnplesmawiethad $pretbe pumppsenst qbtadting Na (3" piD and N,
(2npd, p. s. nd N2 (HI.R). are gbserved as actiyv n
(IR} Hich @W%JH@&CB&? SPekigs in PiREsn plgnas paf eehepptiopridl 2 ps) and
i es. i ngi: d [ i Ll { in whi
N (AR5, ke, e Bt od DR G BBty i
plasma0ie Renedtedluktiér ARedEGRtRbaHAC PREQRE bP lsiAR arvhitdhABFRIectric field.
method in which pllasma is generated at a reduce

piges Urieis lannitlogerc amilenld gotntiHCRigEasieR) dregrand far eRifaining

. plasma nethod, this N2 (1St p.s.) is used as nitrogen
derivatignofipn opRysiqn PRSI ng or  the |ike. In contrast,

g di t o,nd he, pr iyventi on, .a pulse.plasma .

MR oo P o EnP e e R CH 18 B QteBFied 3 Bee RO Bacles. The
transitib 5Btek 3¢ HRR dpeict ReRATRhdaRk HylthE aRbd &hﬁg&etmpdﬁ% (F%.s)isan
generate plasnma under a neafrly atnosphefFic presSure.
active AltropspRpedies Mmoplasiha lgkkuratednby| A BERYplashatredhod ¥r bhiRBF plasma

Cﬁ#m:se. plasma nmethod is N2 (2d p.s.) and N2 (H.|.R),
methodnin whiclaplasma 9 generajediat e dedueert prgbsurai tin dhpesonypgivnesECRplasma

2" .S, d ]« R . th . d d as |
method ﬁE@&ﬁﬁ%ﬁ@@% i él}é'f(t D) fsdid g g@ﬁ@tﬁ&ﬁg‘ﬁ £ tileforming or
.1 L esul N.SI f i.ssion. fromnitr n .
the ikl b, RS B A Rkl B e BB Fused n
which Bh tIQEBRN(SIBGA! ffseaRen N BpARANo hRAR] Mat )’plagﬂ gletetgée’de@ ab Generate

represents the emssion intensity (kcps
plasmaabxgler 8 aearlyepmesihirtis pressure. Atmospheric nonequilibrium plasma generated
by this pulse plasma method is N, (2™ p-s.) and N (H.ILR), which are active excited neutral
nitrogen species. N, (2" p.s.) and N, (HL.LR) thus generated are used as nitrogen plasma.
Figure 12 is a diagram showing the results of analysis of emission from nitrogen

plasma and showing a discharge pressure dependence of active nitrogen species and nitrogen

ions N, The ordinate represents the emission intensity (kcps) and the abscissa represents
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17 the nitrogen pressure (Tort). An exanple of
observation when the nitrogen pressure was increased
under conditions: a pulse frequency of 10 kHz with
respect to pulse application to the discharge
el ectrodes, and a nitrogen gas flowrate of 1.5
Iiter/nin is shown. In Figure 12, pressure
dependences of emi ssion of nitrogen ions N2', N2 (151
the nitgo n)PreSNEfe( ar)p én)exatﬁﬂlel\@" olfservRtiq) whee thmmtr@afcreﬁrdswe was

As sh Fi g
ey - EGEERECORED b St i
the disPha¥ed elddtfdedQNEY ﬁftt%% d\‘?gasrﬁcf\% 09e0r PL A8TRi2)0 ﬁ?)vm B Fi igure 12,

ni trogen ions W pressure cond

pressurs d@ﬁn(ﬁfmws&léﬂ e ss)oR | df enitdSeACiohy @J;,h' 1y @Eeﬁﬁpﬁ% (23 D) and N,
(H is generated as nitrogen plasma
(HIR}ﬁI?ﬁm?@@hth}%éwce, ang di, mespectsely, N2 (1St p.s.) and
gﬁ:ro en.igns N2' are gradually reduced. The o
i e &1gyre 4% ackive Mitseecn; giseics Abr @F rof) bed dee(2™ p.s.) are

sl SR oy R P R ST S
close td *v&ﬂﬂlhm WhABhOBeil 2 Mot e s%ecie% QLSS %%Ht@d ‘Jclsym&ggeﬂqﬁ%ma.

h the change in nitrogen pressure

p?alseths uiteged prddird kdhdhtased, INL Sleq]f%'_) atﬁﬁnﬁfﬁ%eﬂohﬁ BgChc gradually
ressure is increased from 400 (Torn) intensity
reducegf élﬁhes gntgm;ltws pf gimissforo mfNBgigt2' 'thhrq:frtﬂn) bécomeeasesognizable in
b % $ On the othFr hand, N2 (H.I.R) not generated
observaliiett NiUGRFLPESLHY 8f bt S0P d or-oskhet igtensitic afs anission of light

v 2942 ST Oy D SERY 5 o e e

pressurB loR 0B (DEPEE adagkbdat AR tHé hﬁ%ﬁgﬁ‘gﬁﬁﬁé islrlﬁ‘crggse@ﬂgﬂf 40?)0& orr), the

(Tory), which is nearl eric pressure,

1ntenmﬂyexﬁbm&ﬁsmacﬂ' light feqedh, €8 DR.) (ibréask) atanstlyN2 (2"d p.s.).
apparent from Figure 10, the magnitude
p@l the |03W§ npisd, Dbt (elelR) notegcapmind: urgler gdorepa¢ssom cofidibidn close to
unt. of generation of N2 (H. I

vacuunf §s aBiathy SRGease o the guroesn SeEsie brggont host the entir
; t that
amount( Jpﬁl}t‘r}) eﬂ: E)fu%%g :EeﬁerF e& alt 3 1{1{}‘?# Prgssugeeaf\lz lgo(ug SBR-(il"%)Jgéewhlch 1is

genera press

nearly plo@SpReric pfchsirs 0 \&%ﬂﬁrhlo E’(ﬁ:ive r §feee qﬂgp (IE3RY 4nd pﬂs@?@'ﬁ ]i;m) As

nmet hod based on an ECR plasma nethod or an RF p
apparenfdiono Higura1¢ ohe magiitudt helatorskie iesmhaanhbos dfrgeméram of N,
ot ma is generated under a nearly atnospheric
(I"ps. g the amopat of |ggnesation o Aoy HOLR Lisirensreed ahi nitogem prsssugeraf about
300(To'>1§ (H1.R and N2 (2d P .S.) which becone dom nant at
arly atnmospheric nitrogen pressures of about 300

I(rgﬁ‘f s, A tﬁ&fgﬂ @ggﬁ I((gsio h?éh ggegklg%ﬁetmﬁgr ﬁ%ov? gﬁesglg{: 1 used as a

for conparing -an arge pres
nitrogerdglpansl 8Nnbe Sonventional reduced-pressure plasma method based on an ECR plasma

method or an RF plasma method. In contrast, the pulse plasma method in which plasma is
generated under a nearly atmospheric pressure is characterized by using as nitrogen plasma N,
(FLLR) and N (2™ p.s.) which become dominant at nearly atmospheric nitrogen pressures of
about 300 (Torr) and about 500 (Torr).

Figure 13 is a diagram for comparing and explaining discharge pressure dependences

of N> plasma luminescence and He/N, plasma emission. Figure 13(a) shows a discharge
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of N2 plasma | um nescence and He/ N2 pl asma emi ssi on.
Figure 13(a) shows a discharge 18 pressure dependence
of He/ N2 plasma em ssion by an RF plasna net hod, and
Figure 13(b) shows a discharge pressure dependence of
N2 plasma em ssion by the pulse plasma nethod. Figure
13(b) is identical to Figure 12. Figure 13(a) shows
He/ N2 pl asma emi ssion by an RF plasnma nethod in which
pressurei depogpence pf Hefa plmsngeaeissive dy waddF phisina wmdihek sud Fidiye 13(b)
using a rare gas (He in this case). As shown in
shows pj djspharee Presyure dapspdppee( it Nypplgsa prisgion dy dhe gulss plasgh method.
. t ent.ire pbservatjion pressure region as nitrogen
Iﬁgmﬁﬂ?&%ﬁgdagﬁﬁﬁﬁﬁg%“% ‘Ne/ N2 pl asna emi ssi on, and

1 : €Sy - .
FHREL A Bl RN 5 K g R A BRETLES R o
plasmadik @8h@Rated tinde® allowRRessiie dlskg%t raPPoqks e Bn &hid cdsS).  As shown in
dom nantly generated in / pl asma even under a
Figure 3B &9 sonle Nol(0% p.sh) ds gatermsptienigh the estiraobsasationyesasretiagion as
A RF plasma nethod i s used. According to the pulse )
nitrogeg| plasen gencrser 7 Nofd2 plassunemispippnaudosibsiantigilycho enisatpactive

vy o S LR IS0 e SRTRL L B EBEARS: o o
B i M

atmospheEpe SvRadsi 161 asWhd RE Ipl@ianeb@ddil usddn the results of
nitrogen plasma anal ysis, the discharge space between
Algeordingctortbel gslse plasnealmethed dfythel presatt ipVemtiom in which plasma is
servation (see Figures 3t [ the region for

7)., whi |
generafgg g Gopeaty GHOOBheN PESBFe, I‘?zr(bf%l%h@ldrﬁg(?o NP $pebe gpeerated
023 EYE BRI bR BB CoBhERPRT BRSPS and bou

500 T&p)a, haRLBhdrZS 0|p‘¥ diﬁ’;% lﬁ)%g- > met hod of using
( pl'asma S%Iowg'ro f t‘€@%€3@§ b t%gggﬁelectrodes and
bxihs trésnfys bfnitrogbnf Flasdia0malyeB| BB disthdtid SRcObESEBN the electrodes is

. hethods in which plasma is generated under a nearly
realized byrd i dldsmapbessvalion (searftlgings 346 Ay wiidle tieorediop fosdiffusiod upon

. N2 L dom napt jn the diffusion region _as nitrogen
blowing, Pg(sf#an FF%F%IBP .lﬁSHfj geleeiadsiis Fabiesds oy reimgie plasma ohsgeyation (see
. fd It is also possible to use for oxynitride film
Flguresogréoﬂot)‘ri de film formng a direct-type nethod of using
Ph&prBert MvéhiiGiis WRartadBEzdd 5 dsinsSa AMBOAHe RAHoIBF Gding plasma
exists in the discharge redion.” A nore preferable
blown effitbelispaetbehsconcsietiode bl existiy ®ha diffipivnefegiiint OGRS plasma
gas i s applied by using a renote technique using
methods |im Svhichnplasme i5feenerpted sipderea nearly atmospheric pressure, and by using N,

(2" p.s.) and N, (IH.LR) dominant in the diffusion region as nitrogen plasma for forming an

oxynitride film or a nitride film. It is also possible to use for oxynitride film or nitride film
forming a direct-type method of using plasma in which N, (2™ p.s.) is dominant and which
exists in the discharge region. A more preferable embodiment is conceivable in which a
purer nitrogen gas is applied by using a remote technique using plasma blown off the space
between the electrodes under a pressure of 500 (Torr) or higher and existing in the diffusion

region to generate N, (H.L.R) and N, (2" p.s.) shown in Figure 12.
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between the el ectrodes under a pressure of 500 (Tory)

or higher and existing in the diffusion region to
generate N2 (H.1.R) and N2 (2d p.s.) shown in Figure

12. 19 Figure 14 is a diagram showi ng a nitrogen

pressure dependence of the active nitrogen species

N2+. As shown in Figure 14, the generation of nitrogen
ions N2+ thought to correlate wth plasma danage can
Fégure dt e dingirs skowips 8 suiFegen resgwe (@ependenesy ofithe) Aesive nitrogen

. Nitriding is.perfor under . a pressure, clgse. to
SPGCIG%NNFTDS%#&%P‘H%I? Eiguri Ef?h%qn@%% ot DIFOLFH R Re4hopght to correlate
. ' | nt ' jec ed, that
with pEgh ol SR SER LR o FEREI® IPrROPRERSGen.

RIGIANGS is ptforBRAGMAE! @ br&bul] ASRI8NathRBShele forbfure.  Therefore,
stopped at a nitrogen pressure of 500 7(Tor), as shown
nitrogdnncahi gueRilE 4ntnddubed @spentobjcat td1Be Mrddessgaénthpr 8S sher 6bject can be

_ (Tory). Also fromthe viewpoint of reducing plasma
easily gathdueogem. ni trogen i ons N2+, therefore, it is
fective to use _the renote-type or direct-type pul se
EIUHE%W%@U% PE MIEPESP daus M 1613"05’@6‘? etrg mytrogsy pressure of S00

(Torr),uzlsi Jh!ogvﬁ 1}1@‘? lhlgl(éﬁvl @s chd[/ Ne %O%Ig Pesg'ur% (?&rj‘.veAlso from the
speci es app%arl ng dom Hant?y. erbodi nen cofa T

- viewpdihtl dfiré@iclrig fRhdn® Mot e ADP B AtrHSerABAs RY, SeYablel {td€effddife to use
form ng apparatus according To the present invention

the remoteitypdeeorddisat-typedpilse pledma metiodhundef erpreseret &500 (Torr) and to

.. drawings. Figure 15 is a diagram schematically show ng
utilize th?é\fx(bﬁlsl%- yand{qrdve @1 pseactxg siieeies appepiingiiomimentilng

pparat.us jn.thi.s. odi.ment . Fiqure 15 conprises .
PP ERbAReed pr s iR g apuAp 670 R BpATS e forming
| .
apparaffelneierio) B e Bafih iffhe HLEHOR) 1 MFRER Fibnce the
drawing@r mi ng apparatus” in this enbodi ment are names
sel ectively used for convenience' sake according to
frigure 1 23s efdiagnppisclehatinilty Sgemgyte, coastdiatioh ef theooxynitride film
. basically the sane construction. If_ a nit rol?en gas .
forming Appagtug an tHs cgbodiEnent o Jrigwe dn| Spmmises Fiedre 3(a) @hva perspective
. t ent - 1 or. 1 ess) of. 02. .water (H20) or an
view °§§’?&§5¥%‘1§%€%ﬂ§%ﬁ§1§@aﬁssae‘:glgé, R OLPSAPRIANS s cal | ed
aNRHAS 18 Fdrid QppRds ARRATSkHSridk fith Hnlih al@RS" in thi
contlai ni ng 02,1 évvapgarr (?—|20) or )gﬁmoxi (llle a!t%%li %%@? t han Sl
embodinis aextamesetlyctively woed ferbnvepienge' sakk qepoddirgnd peftiad oftsapplied
. or smaller than 0.2%is used, the apparatus is called
nitrogeargasx g tefordle basicely ther samegcampimeationus If amiteogan tzes daving as an

oot LI SEFL0G OB SLUS L ) et ed b, SLEECNL0080) or

oxide §hR& as%upﬂﬂec? ébsq hd Qpp%ramst ik QY 2afinad BHL Bforming apparatus. Ifa

nitrogen gas containing O, water (H,O) or an oxide at higher than this extremely low content
(e.g., I ppm) and equal to or smaller than 0.2% is used, the apparatus is called an oxynitride
film forming apparatus. This nitride film forming apparatus is implemented by attaching a -
filter capable of selectively adsorbing O, watér (H20) or an oxide to a nitrogen gas supply
unit of an oxynitride film forming apparatus described below. An oxynitride film forming

apparatus will be representatively described below.
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unit of an oxynitride filmform ng apparatus descri bed

bel ow. An oxynitride filmform ng apparatus wll be

representatively described below. 20 Referring to

Figure 15, an oxynitride filmform ng apparatus 20 is

an apparatus for formng, by using a renote-type

pul se plasma nethod, an oxynitride filmon a substrate

30 such as a wafer or an el ectronic substrate, which

iPsef%mng 513 ditgure d Shan prydieisle ddm mirtg(wpatatmsdéo if 4t ppparatus for

mn aratus 20 has a pair par al |, flat pl ate

formmgr gzg J%p@éq—}y@a oulso P?aéﬁ’& meth ocﬁaa\yl, q@rng)a filip on & substrate 30

0 ectr 1
oo YA, O il e oo
film ﬁﬁﬁﬁﬁg ?pb@ahy 28%hak Odr ﬁpef @ﬁﬂaﬁﬁ%ﬁ@&p e? C%Hég §1 and 22
ctrl field i'n pu bet ween
havmgt dimao@ﬁba&ﬁdeﬁbls @\hﬁi‘h@@h& c&ﬂbé’tﬂ@kﬁﬁlii{l(ﬁﬁﬁa E&talﬂmglshbﬁﬂﬁfal}y no
gas supply unit 24 for supplying nitrogen gas, a
oxide gteapostded6a pover depblyn3 afor @aplyingnac elt¢raating gelectan diedd (e.g., an
Ref erence_ nuner al

. 27 for_exhausting air
electrid) Baby iapuliefern) B"éW%‘fna‘?’éd’PB‘éieﬁ/éiéﬁﬁhmigﬁé e&rrg%qﬁa?rlg@d 22, a nitrogen

e oS, By G R PR o
and a ﬁhﬁﬁ bargexBnREhE QﬁieSRgf%reﬂ&gm%ﬁe:ﬁp% g&%ﬂ? ;ﬂ?%ma gsenerated between

el ectrodes) from above the electro
the disclhapgeldctradeo 2plad OB Lyitdgere E&Csiuﬁogﬁecf fr&lndhé Ritfopérs gasf sapply unit
and blown off a |lower portion of the space between
24 to 7 1egios| ipyde thealigshange §iect§0@s Bdsingdi Edbbme@wtherﬁecdmdmﬁ drage above
22.. A reaction se

the clegfi RS AL BT DS St gt @H ool aad plpvm off
lower ggﬁloﬁ (oL grngﬁ% be%%eslg{hhe c&r%dé: lpgagés to ggl%loff\@)gﬂwaﬂ'le discharge

mis subst

clectrodéd el iad Bf tah @ea@ﬁéﬁ"@&ﬁ:loﬁﬁ)f' the foxkyRiridy ﬁgﬁcfofﬁnhg apparatus 20 is
nitrogen gas and nitriding is pérforned b

prov1dc:h1nrthachmmig:pr 2he RefesBigrte Fiduer £5(b), vilen aﬁmmntraie fﬂm 15 fifrmed on
The substrate 30 is placed on a wafer tray 3

: the Subﬁﬁét[? R4 e interigr of the chamberdd b {irs puresd vwith Hiesearees m@ztndmg is
pertord BB Reifing B Fodlbu ot R SR P T Rechan sm
d
TRy Rbiekdabiy Iléée(p%naef B\aﬁgg&g 1 TOMR g%ﬂa%q Sj108, Igg\ae,d by a

whi ch the discharge electro are’ provi

moving netiemikno$2 neatiged td Bableaheentirs aytfazt of tHefsubstgcitaaibe Miniformly
capabl e of adjusting the speed of feeding of a
procesgednv d e meey e neclmnisrhmay jakernagvelyl ds arrdgddstouneve asheach eide on
the nitridipng time during whic

mechani sm 32,
which gz%p%%f%ﬁaget%emﬁa%%ldw?pﬁrgmwggd ewaﬂrﬂféame%ﬂﬁé)v#srd%ay 31.
t ol ckne s of
6 Sl SRR GO e AGRPuRL o O B o
desiredRalideh glsttﬁ@ ﬁl@&l%ﬂ%ﬁi BRYhB Guitrilath] g{ﬁﬁE RERY W8ch Qf(‘posure to
the wafer tray I'n such ’a case, e tenperature a
nitridinghplebma he centhﬂhdaiaﬂ be made variable to enable control of the thlckness of
formed film, as described below. A heating mechanism for hearing the substrate 30 may be
further provided on the wafer tray 31. In such a case, the temperature at which the substrate
30 is heated from the wafer tray 31 is preferably 50°C or higher, more preferably 100°C or
higher. If an oxynitride film is formed by heating the substrate 30 in this way, stable binding

of nitrogen with the object to be processed (substrate) can be ensured and replacement of
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30 is heated fromthe wafer tray 31 is preferably 50C
or higher, nore preferably 100C or higher. If an
oxynitride filmis formed by heating the substrate 30
in this way, stable binding of nitrogen with the
object to be processed (substrate) can be ensured and
replacenent of 21 unstably-bound nitrogen wth oxygen
can be prevented after noving the substrate 30 on
unstabm‘homlhd ntttogemwith iokygedeah bk prevented aﬁ@dnmmg)thatSMIprﬁe}(bon which
y taking the substrate 30 out. of the chanber 26
the OX}[niltﬁﬁd? tigp iermeshinth@meaphess by tekineghs mbsirate a0 put o the chamber 26

ratus 20 bl ows the nitrogen gas supplied
mhm“f?’%%t‘toﬁéhéo%%ﬁ ogen gas supply unit 24 to the surface

t : t
gﬁlg 002 %ﬁ'g&?:se %?&n{\%’g%po F? gggﬂ%\fgsg hlggislﬁ:t en %s lled from the
mtrogehl Qis Gupply iS4 {08 §u9fat:@ of dheS alairgte 3Oeﬂ>r6€“ﬁéd3 d@%m%Ject to be
22 to change the nitrogen gas into plasma to be
processtaldovﬂhd: potvhe supphf a&app]ﬁest the eletifis fieldt i@ BQse form to the discharge
At nospheric pressure] The oxynitride filmformn
electrodesyaly 2ndud? ohargeribe RETOBED BosigihBlatR oy beblpwa tp he Stxface of the
bst ?ﬂpspherl C pressure. The nearly atnospheric pressure
SUDSIES™ Y pressure of 300 to 1000 Torr (about 3.999 x 104
to 13.33 x 104 Pa) such that the pressure control is
facilitated and a device used for discharge plasm
[Atmogphedepebsage]can be sinplified. A pressure of 500 Ton
about 6.665 x 104 Pa) or higher at which the neutral
doei eyngpdeifids Nom(igg dappastys 20 dpdforinsl. proRyssisuge under a nearly

sumosslgae PoSte i wﬁ&eatéﬁsnéﬁg gS%euTr‘é'gé’ ARl 1000 Tor
F f
(about 385 MG T3 34 10" PRESShat B Moo Gt Suiplicylanyh devie

used fcfr‘@l'iscﬁér@@biabrﬁﬁ?io@@ssm By 8L dinifdhe AGHEkNnE rb‘f%O@fTorr (about 6.665
abnornal " el ectric di'scharge.” The surface of

x 10* apst higher 30 whithwibiecteuaal Bitivei gheciks INp (28" fn@r)rmﬂ N‘@)(HHGR) are
_ heated or nmaintained at roomtenperature. In ordinary .
dominas 388 Figuse 12bansest arhicheplosme Hamagrduer tatthe Biropen ion Ny™ species is

eliminglH 5P PR RO R SRR BT agR Coita PIHATE o P Rifulrgesure o
800 Tod 15Wer’ re st?ﬁ}%‘fa\f@g rbfs;}ab@idﬁ%%ﬂé Béc'uggncf 'c’f %ﬁ(ﬂ' rﬁFQe&ch tdﬂ%harge.

OXyNitri ppar at us

Thb QEhifARUf tH@&ﬂﬁttﬁt%t%rﬂﬂ #hick dxgnifdide’ ﬁl@h [SQfOHned may be heated or
time/tenperature dependence as described bel ow and

maintaged abeoamitéroparityref odmeddinary a:lamxtheemmWam of thé substrate 30 is
and the thickness of the fornmed film can

suitably éﬂtbw:on%éertqsrdaugﬁe toribe sRistiate Br ferfermaing éﬂeeéf cqseage, the film
tickndl 1%, 67 e B G g Ty Eh B B Qi forming

apparai@PB$Ethis embodiment has substantially no nitriding time/temperature dependence as

described below and can be uniformly formed in an extremely short time, and the thickness of
the formed film can be controlled through the amount of generation of the neutral active
species N; (H.LR) and/or N, (™ p.s.) or the nitriding time. Further, since plasma damage
itself does not occur, the restrictions on the nitriding time and nitriding temperature conditions

are markedly relaxed m comparison with the conventional film formation method. In this

22




itself does not occur, the restrictions on the
nitriding tinme and nitriding tenperature conditions
are markedly relaxed in conparison with the
conventional filmformation nmethod. In this 22
enbodi nent, a tenperature in the rage fromroom
tenperature to 500C was used as a nitriding
tenperature. [N trogen gas] As nitrogen gas in form ng
embodirpento g yigmperaee 11 [the edzet fiempioewetemperafaattpot0°@ was used as a
.. ..high-purity nitrogen gas having a nitrogen gas
nitriding MR 99 9998 o 99.9999% i's used. The oxistence
of conponents other than nitrogen gas is due to
m xing of a very |low content of 02 or water (1120) in
[Nitro%elﬁ%aﬂi gh-purity nitrogen gas. In the nethod for
ormng an oxynitride filmin this enbodinment, film
Ao witrogeni gas e Ifbrating thewxdaitride filnglof eemssene inventdd) a Tagh-purity
. or higher under nearly atnospheric pressure and,
- nitrogentaap bf\dpga nittagen Bescontias ef 9HP8HE GA-9BR Yoty ussidt r dhepxistence of
as i sed .and the .pressure .in the chanber 26 if
Compogﬁ‘}tﬁgﬁ’@fj ﬂ}aé} WUrpReD, §35 lg@%é‘b FE¥ING O Ae¥edy 1 opBieROf Qp or water

: [ [ h S Ly .. o
5:0) e MIUERAS, bl L Byl SORRLEE i i i
embodiridrt OFME FdithiRy iPpGRrABP Whlerdf hidhr&E8R G500 Tdrr Mahigher under
been experinentally found that, "because of this

nearly apeosphérdm preasuseliahd btherefong uhe abvedR:saibedrhigh-pdetysnichgasgas is
H20O remai ni ng even after exhausting the interior of
used apchihe pressein B chembeigif s adivsied dx p eearbestaiosplesic iresguehe To do

so, the HEEOL R corvebi ACdrareirib SR e £h gl Bt it offeater
purgedtal?y iﬁtr@(?]&nlgpi ﬁg%?%ﬁougf 0%[39(&%@% aQ.tr hig b8 GéenLég %‘En#?kggigj hund that,

nospneri—c essure apove-

becausBiof hip 'éFérbﬁox{Jiat Su0gble agent ¥ROLbr Gd bRk shely b U,@Nemaining even
extrenmely low partial pressure (e.g., several )
after ewhduisiifp the) intaior i’ the ehaiberd2@so dighi wpunint gxistnbefhee forming the

' .systemof the oxynitride filmformng apparatus 20 in
oxynithes BEfanBEfordBE R SERSHEHESIER B RfS$hWBEHE| thy pressure in the

' i ' j alle i gh-pur| .
charstf} 4 020088 | & PREBRRNIL EF o0 58 rdP s it bl somospherc
pressur@eb{ QlinY SThe JatR vEld¥ickbed Qﬁ"g%qglﬁftfmrgtrgéen. Eﬁst, OAEeN (WA BHEng an

rare gas, and whi ch can be prepared w thout any
extremslydowalartial poesse (xgg., scThal ailtiTerr) may &bourtathed as bl &dpurity in the

hi gh-purity nitrogen gas can be easily introduced. :
systemH dge @’%’Plttlg@ﬁlﬁaﬁﬁm&gd@@éﬁﬁméﬂ lmthgwhmgm%ﬁ- ni trogen gas

T et R YR s P ARG By
nitroge :)éd%cihgtﬁg %éﬁgé)?;c/i?ﬁ?r@gﬂg%? fﬂﬁ@}]ﬁﬁl&%ﬁ%ﬁgﬁ[ﬂﬁ% nhiQfure gas formed of
- nitrogeab@iseaiie s4e i fRJ ahd GlhiBl rdah Yoe bich @8 NwHRSut B special processing.
Therefore the above-described high-purity nitrogen gas can be easily introduced. That is, the
above-described high-purity nitrogen gas may be used without adjusting the nitrogen gas-rare
gas mixture conditions, and there is no need for strict control and adjustment of H,O or O, for
forming the oxynitride film. Although the above-described high-purity nitrogen gas was

used without being specially controlled or adjusted, uniform SiON film having extremely high

dielectric and leak current characteristics was obtained. Thus, enabling use of the high-purity
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used wi thout being specially controlled or adjusted,
uniform SiON filmhaving extrenely high dielectric
and | eak current characteristics was obtai ned. Thus,
enabl i ng use of the high-purity 23 nitrogen gas as is
wi thout requiring mxture ratio adjustnent |eads to a
reduction in cost and has the effect of facilitating
i npl ementation. [Discharge el ectrode]  The di scharge
nitrogea| 888 ap etwdhoul reqrimpmaptarciratioreduginent eedsalo asigdbrtion inigost and
er. or . alumnpumin a single state, an all oy
has theﬁﬁ%ﬁf %éggfgflﬂg BRRICERE Oy prass, an internetallic
compound, or the like. The di stance at |east between
t he opposed surfaces of the electrodes is nade.

Ehwﬁ@@@@@a@xkp prevent arc discharge, and the solid
dielectric is disposed on each electrode surface. As

The dwehinde dleelredis 121 cand Py are ffomeddi ¢FUs mil fidhadsSan iron, copper or
i ncluding ordinary alum na or glass, a plastic such
alumingg ip el S}&tgq staie amcﬂl%wmh asratainlessepriot tratirassearomtermetallic compound,
h Iene terephthalate and a _conposite of sone

| ye
or the fikey ;L dfsaries plaleas REPVe58 the QBPOI kT Wéfqg’rth% lpctredts is made

constarﬁ(t’% Fx%a ﬁt% §%§}rha%or %nr(]:iath%fl ?l@rl}cféajzalgﬁrlg rs cﬁmﬁ)gl\cli ?rk%ach RUrode surface.
As the BbRd 8leflrio, ah6f VoK RRRSiaRf 1nclhﬁﬁ %(ﬁh@'?ta'lﬂrﬁmb 3Y lasd, % plastic

about 0.01°t0 4 nm Preferably, ectric

such acaigitaufluoodetiiieneserepltthalsie @l @Gl}'éﬂhgﬁnéﬂer@}ﬂ[&hta 2ad agoposite of
or higher (in a 25C environnment, which condition will

some G t@eseamteylalm may e used.| dipregprefarably,sthal sobd phieledtti¢ és alyminum

nitride \ﬁﬁﬁ: glélt (gl‘g eé Igf Irbg her@{det fqa}'qtﬁ% hE{if‘.] :lﬂgfe?al(]; ety o%gﬁmess of

| t

o bl 00T A | SR Wl LA,y i

dlelectlzé’@IaAan\d(ﬁZE ROE o Mghdd§inf £25C0EnvirdSneht! RAKBRGUAINBY K8l also apply
alternati ng curr ent waves conprl Si ng m cr owaves,

in the folibwinglaviss aapesitfiotaedentheaowarperiph¢raosurfatest dtethe electrodes
waves, or the like is applied to a space between the
with a geramte, agesia g therligds the; et 20plpiPotheat ooliler  dn s gmpgdiment,

| f bl ly th
atuminly s SRR AR SR BP e B BR S A% 8200 age i
RUJ/cﬂ?agE @ el BEH%@ rﬁﬁofr&:ﬁx Evéuﬁwrﬂatgj% duSreftf WQ\FES comprising

i mpul Se type havi ng, exanpl e own i n Figure

microwh6és)pulse wavdsagavds Rembdlas o tombiafitickOoB tieke veses, or the like is
preferably 1 s or less, an electric field |nten3|ty
apphedom aBpase beOveen tho dBckarse sleciodss e&lamdy%@onoam@@r supply 23 to

f. 0.5 k 1
generat fleifaon 1t s REETGROID (s 5Ry gﬁg}oyageawop 'Grp. ¢ Preierghy ghesvoltage
0.
in P““%?%’?:‘gg@}“%% o %g%g‘?’%b%“épﬁ’ B ’P}Sﬁ‘ﬁlsyg%éﬁ%’?‘g% %%r example, as

shown ?ﬁ‘hg[%rggﬂazeaegﬁﬂgégﬁeﬁﬁﬁ tifid! sver ﬁ?gi"%Wp@ﬁ&lb'lﬁ‘ﬂ thsOr less, an
electric field intensity of about 10 to 1000 kV/em, preferably 50 to 1000 kV/cm, a frequency
of about 0.5 kHz to 1 MHz, a duration time of 0.5 to 200 ps, and an off time of 0.5 to 1000 ps,
preferably 0.5 to 500 ps. The speed of processing for forming nitride film is adjusted by
changing the voltage and pulse frequency applied to the electrodes.

The distance between the electrodes to which the above-described voltage is applied is

0.1 to 5 mm, preferably 5 mm or Jess from consideration of the uniformity of discharge. In
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The di stance between the el ectrodes to which the
above-described voltage is applied is 0.1 to 5 mm
preferably 5 mmor |ess from consideration of the
uniformty of discharge. In 24 the case of the direct
type using plasma existing in the discharge region,
the distance is preferably 0.5 to 2 mm In the case
of the renote type using plasma bl own off the region i
the casenaf the dirpst &ipscisingdplosmpexising tin ribe idischarge aegiensibe istance is
lon, .the distance i referaply 0.1 to 2 .
preferab§E0. S 248Rs | 1 TRLCa50 of et APE HBing Ay, BBy obf thegeion
. . . e
inside G2 R1eET ad Bsdeiin Y AftusiPlepRAC NG M pr R, 0,102 mum.
The cufn® QO 118 10R0I5U08 AAIMN, PrefraBRASH 2 800 WRNRESB! MAs the pulse
other than the illustrated i npul Se type nay be used.

voltagdMavedorax anp b€ suiablet veref@uef @p (a oéctamlaa gavefopr atddhs/shown in
applied with positive and negative polarities are

Figure d hhurer ianmpdujaied wesefoam vahes flagonihe fillystriated geipalsp Ity redmay bk used.
.. one qf itive and .negative polaritjes,.i.e... a .
While grpnmlpy Bt N R omwgaﬂegsp%gedﬁpé applicg) With pgsifjyegnd pegative

" f . S I far o
polar1t1‘§€¥.§eu§{0%01%ﬁ%ﬁ e%plg\hg?w%vggog'r@ %g&ltaég nag?@ﬁ {lrrﬁﬁt{g)éxg t(g] positive and
negativelPoRitic§B R, QiR OhiRE AV e fIRVEMS Talsol H¥Nisé@t | ARo Of bR Haveform

the tine of plasma generation can be perforned nore
may beafstd.ci ently if the pulse rise tine is shorter. If the
ulse rise time is longer than 100 is, transition of
he pylsaeltage WaveEay Epwtorem dhelpeweraiugely cnis gt dimited to those

. easi]y: t state of . discharge. is.unstahle; and a. ‘

mentiofi?] pbdins oy it Soaiscs Bom Togie, HEC T BeStia b igation can be
: T 1L ' ti [ I :
perforfigf BBte AReieRtP RhE Dulsl rBD Briclh ORE, | 1T pRILRL HACH: longer

than 108 @ tiahsitid 8 Ge istitecisdibdhafgRto QRN EEHal 2% aR lcd&FBeasily; the state of
at nospheric pressure and capable of generating a

 discharghgs unstabdes- anidne highedemsityc plasmh cbonditidn ity the pulseevadtage eannot -be
% fficult ip practice tocﬁeal ize a _pul se voltage with
expected. | jA; shqrfergise Hgpe dt Proieriedao Hpwvevih rthorg ¢ dpsipetipns(gipa device

T ' h8.,50.ng . t .S, In this s .fication
having o et Teld i Bor oyl o RRlG PRRMER dnd copabe of
genera@iPR Sort-Rse @b 3GBtricl Feld ORI INHOUR 0RO In practice to realize a

Preferably, the pulse voltage fall tine is al'so short,
pulse vbR&zeswith a kies tme dRorites thdned(r nss e Maoraprefetably! the risoktivagie S0ms to 5

pul se formof Figure 16(a) used in this enbodi nent,
us.  In thés speeiBicatione "risqdinted |rpferst to petinag pertsk dusigg syhaeh # ghange in voltage
. .eﬂuah{ t 0. each other. Further, nodul ation may be
15 contiBUOUSHr PASHSy  using pul ses differing in pul se

ri ' : n rably,. .t ot

PSRN T AGL0 M, SOOI s e s e
In the Yoltddé in bliist B&mf bLRLARC V6 (hPude@IB Ithik REbolinRenk HBe ris®@me and fall
time are set substantially equal to each other. Further, modulation may be performed by
using pulses differing in pulse waveform, rise time and frequency. Preferably, the frequency
of the voltage in pul.se form is 0.5 kHz to 1 MHz. If the frequency is lower than 0.5 kHz, the
plasma density is so low that the time required or processing is disadvantageously long. If
the frequency exceeds 1 MHz, a need for adjustment of input power and reflected power for

matching or the like arises in some case of discharge under a high pressure exceeding 500 Torr
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pl asma density is so low that the tine required or
processing i s disadvantageously long. If the
frequency exceeds 1 MHz, a need for adjustnment of

i nput power and reflected power for matching or the
like arises in sonme case of discharge under a high
pressure exceedi ng 500 Torr 25 depending on the size
and construction of the el ectrodes. Nbreggreferab

dependipgon the giremayg coustrctiqnrof the elpeterles.. Ypreaprplgrably, thsi fregency is 1

iz ofhighete 1 BUSE apptc it : g Brdrefey, ot 1he, Sheg) oL plasma

proces%lhg %m equ%%gl ffngl%g erdcyé[;hg tu%Sérnﬁ%fttdfctﬁla Jgéencﬁpﬁcrk)ft h)gﬂicularly
specified.g- Theafrécfu@ﬂéjzeﬂﬁy b8 %&‘%QB 8 hk ﬁ@qd\ﬁi@y Qﬁrﬂi R 14 ﬁe(}h%ﬁé& band at

or a frequency band at in trail use,
13.56 mibTrsirdeasltyieed ood ﬂéd}l&nﬁﬁbmddl dt 0o Mimirciraingsew Fktm comsidration
or handlin the frequency is preferably 500 MHz or
of the fasilify of magchs gveth\ﬂoloa@\ge haidliggcthe ireﬂn@myeﬁ @yefcrgbly 500 MHz or
lied, the essi ng speed ca | ar
less. F¥ plse kpitagy 3 HeGHerey i opled e (REPSS Sind spapd can be Targely
inmew%gltage in pulse formis preferably 0.5 to 200 s. If
e duration time is shorter than 0.5 s, discharge is
ths daRkien tlh{e dfRe PMERIH B0 vbIIR iR éﬁﬁ@‘ﬁﬁm ZQQef8rably 0.5 to 200 ps.
transition of the state of discharge to are discharge
If the dusationcainng isahsitdrythanMbs @s pdiscthergalid ynstabldie Ifitheaturaionttinteexceeds
is 3 .to 200 s. The duration time of one pulse is a
200 pst fransitiperdf dlap state o€ dsehirgsyto arc dipehiggpen oe@ir edsibi nd/lath petierably,

e e R LB S AR O S o Bl
t in Fl?ﬂrepw rﬁa? L\m@l 2 eﬁ%lge B g#fu?selﬁ)lﬂage?%e?{eaw;?uglleetﬂson and off is

equire odi ne howe
sustain\wthl n such a range that the intensity of the
electric field between the electrodes is 10 to 1000
H\hﬁ emplipndefof disbhara@ Qoltage 30 pulke/foem shFive in Fegwgoho ﬁsodetermined as
ng |n this range is that the tine req uhred

requlreér oit"é@‘é‘-i HRPQUMERH BOWRKCRIT I SEhWEhipfsuch g ganged #irihe infensity of the
electrld BUS Bebdeln i éi?(‘:’%’eod]gg aﬂ) t%)oll()éy{ A/ pfﬁgfegz[b(f%?ggcgé’d £G/cm. The

can occur easi

reason $HCRAGY HARQ r&l\gethaﬂﬁ‘%nn@re@hfr&?for%cfe@sﬁﬁg mngﬁerably long if
superi nposed in application of the voltage in pul se

the elettoicrfield Bitersity 64 lozter tHamel (PkUkas sndatediselarfarednesdcat edstly if the
be processed) in this enbodinent is silicon wafer 30.
electriq felfl antansiy exesads tIOPA&Vidm.m dipod diserh cprrentanay beyswrerimpesed in

soplicaBpf RE R \olF G PORA{EE T o t he_ above. menti oned heat| ng
tenperature of the
[Si material]
The process material {material to be processed) in this embodiment is silicon wafer 30.
In forming oxynitride film by plasma processing of the present invention, the surface
temperature of the silicon wafer relates to the above-mentioned heating temperature of the
wafer tray 31. The surface temperature of the silicon wafer is preferably 50°C or higher,
more preferably 100°C or higher. Needless to say, any object to be processed other than the

~ silicon wafer may be provided as a material.
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wafer tray 31. The surface tenperature of the silicon
wafer is preferably 50C or higher, nore preferably
100C or higher. Needl ess to say, any object to be
processed other than the silicon wafer may be
provided as a naterial. 26 '[Renote type] The
oxynitride filmformng apparatus 20 in this
enbodi ment uses, as nitrogen plasma, N2 (H 1.R) and
N2 (2"d p.s.) generated at a nitrogen pressure of 500
or or higher under nearly atnospheric pressure as
[Rﬂn°§ﬁxmﬁ)|n the opti cal enission spectroscopy in Figure

8 A T PR S g v
Nz (H. FR% ahd ng O™ fhe tggﬂé‘rété@ b8 nftﬁfeé'eﬁ %r%ﬂ%dﬂ%@n?%?ﬁ%ler under

reference Fi gures and 9. In the reno

nearly pinaspheriiepressatecss shotmee thet (hﬁlcﬁll &aikslog epretrosdoppdeBigdie 12 and,
and 22 opposed as shown in Figure 15 is directed
therefoma\ﬂdmas thearemiots yphusieg plasBe bjsivacedd tleutegiodéntideethe electrodes and

rge.space to be brought {nto contact with the
eXISfm% m tﬁeg FBIS0 s 58S @50‘6? with refereptriod igyrpes mikd-ude

t Lid d
T W Rt gﬁﬁrnas%&%%a%ddegfwg Tl Sl e et 2
opposedi dsi hemVial BEul! BCRAREed | tHfardt !Pl% S QahRLELe 36 @%@d oftside the
conmbi nation of a | engthw se nozzle (not shown'in

dischargé gpace tdlbd bippghtdiith acitec with thé kiliconwastf 80. 30 si de edge
Eortlons of the parallel .flat plate el ectrodes and the
reeples @ thisatemsteotype he@t}dfe Iaem@tﬂigdl d8 whigh dhe yolich drales:aucs are
zzl e ttach dtos I|c

er 30 de. . portio
extend Q%o ol Ao B HEnOEAT BB VAR e isBt 1S Praced outside
the dis%ﬁ%&ﬁ%é& tﬁeéctﬁ?tﬁhﬁfbhr&df ?engﬁ'}(m?ee no%%@ ?not-gﬂgwﬂ%!ibeﬁ:léﬁje 15(b))

€ nozz I'S not necessar e sane

attache@ho \sBicda Switkd egl sﬁl@'dd@e pEHRLE &F the paﬂaﬂelnﬂ pifte @1d¥Bbas and the
or the like if it is insulated fromthe el ectrodes.

electrodinplatgs tofi diswse elebizodwetahdd cylindricalvhorylohttshead esikicemt wafer 30 side
ween the opposed el ectrodes to the silicon wafer

. be
portiong gf aﬁa@%altqar indragief glegtredes and fhescleniipda golaAeSg%fsth@qecﬂAwCﬁr@des may be

f hod bl
used. - AR Phdferid) ot R BOEIA B ol B Siand BB Vi i A epierieg sotic
dlelectﬂé IH fay Be a HtAGE th%mewﬁlﬁsfula%d ﬁSﬁ%@‘@E&fod@Q to

hi gh-density plasnma and enables the gas 1 n plasm

Atmig thdse, the methed df bloking plagind aérgedtePbaseerothe bpgosed electrodes
silicon wafer surface to formoxynitride film
to the sigonpegier tfm@hﬁb@ Reltd @nlabﬂn@s hayipg |ac@s |blmvmg ngzal isa preferable

methodp?agelillg lé)lé‘gg cllpgc Fﬁpﬁage of &}idg]g k())at gvoxb |vggq{.éaecause it limits
direct le)&ﬁ?esgf ﬁﬂco%%ﬁ@ﬁﬁ@% ﬂlé‘n Eléh%n? p?a%glgtand gb%s e ‘gas in plasma state

to be moved only to a target place on the silicon wafer surface to form oxynitride film.
Further, this method enables application of a bias to the silicon wafer side of the substrate to
be processed.

In forming oxynitride film by plasma processing according to the present invention,
predischarge for improving the film quality may be started immediately after the generation of
plasma and continued until discharge becomes stabilized, followed by contact with the

member to be processed.
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predi scharge for inproving the filmaquality may be

started i mediately after the generation of plasma

and continued until discharge becones stabilized,

foll owed by contact with the nenber to be processed.

27 Also, there is a need to perform processing in an

i nert gas atnosphere in order to prevent the silicon

waf er_or .the oxynitride filmduring formng from

Edse dbare A%y ahsed o Rponm PropepsiRg He AR dneii BasoRtmeeplsgre in order to

e BRI T 58 2B PR e gt e
smorhEHPOr A RIIS, RIOHELGII AT PLERER L ycion o e

device FOAREMERVIhE Q)x?ﬂ’t&ﬁfesﬁl_hhﬁy deivibiag the abdveld¥sdithell asma into contact
oxynitride filmand is provided with a mechani smfor

with theesiitomi wafieg divrieranplegds added siehiee eovers thddewice fari foyming the
-, of the contact between the plasma and the silicon )
oxynitrigier film angkisipsovided withaaieachaigsm derompintainisg g inert1ge sjmospbere in

YN NV CXTE
sown BEFHL #6010 4 s & LNGNEDS SO ) Lo cn

bind andRiickdoritfind MEorydtehiad be Hiel NEWRHNB DAL aBfngeticRt i@ Figure
el ectrodes, a certain gas containing no oxygen nay

15(b) nstpddende alss sopypdied dont thelgms supndy ived 24tto thehimtdrivr @f ithor clafnber 26
t he chanber 26 around the el ectrodes, and the gas to )
around the degiiadped cegrin Bas confikipg 8p oY ZeneaycTvElifses thepgasrte bp qupplied

. el [ limted .
to the |t Biby 8RR e Poweh ' Ak ted g Be 825 e el to the
interio%f?:ﬁé ERASSr 269rAmRANSelide NWEYinBRd1HG r\ﬁ/feé }}%a‘r’s‘%'i] ng[rogen to be

waf er, a conveyer system conprising a con

introducahivieytha ace btoleewthetelt@irbiidée may be used. The
operation of the oxynitride filmform ng apparatus 20
Aendngape fagoneyihgdbe siieeh walsoveconiv¢ler hystate somptigug a conveyor,
bel ow., As shown in Figure 15, high-purity nitrogen gas

a conveyaneefgbot Oﬁia}eﬁg‘@é‘i‘?ydz‘ﬁ%ﬁ%ncent ration of 99.9998 to

e %ﬁ&g‘%ﬂ 31’ ?gf@!ﬁggdé%l&gtﬁgﬁ%g?a%%)%gl{uvo C(gnlgﬁ'u&%’ %? ed‘t:j:scribed

di scharge e tagé rn pulse

above Wirgd dek@ipel Beoower supply 23 is applied between the
di scharge electrodes 21 and 22 covered with the solid

Hi ehovert mi logwe 14, Hpltp22y MivogoadaAbiNitga girgeatss cacentration of
odischarge plasma; and the nitrogen gas introduced into
99.999% %9%-83%%/0 besupblied thihedipaen betiyeen Hlecanpptsdedischarggreiecipdes 21

ot 228 SHRARS oA Sl BSPINER Bl B T 5y R st
electro®d21348 D cdvBRaShild FRMNATRectR 123 239 formed AIN to generate
glow discharge plasma; and the nitrogen gas introduced into the space between the discharge
electrodes 21 and 22 is changed into plasma and blown from the gas outlet below the
- discharge electrodes 21 and 22 to the surface of the silicon wafer substrate 30.

The nitrogen gas changed into plasma is a neutral active species in which Np (2™ p.s.)
and N> (H.L.R) generated at a pressure of 300 (Torr), particularly 500 (Torr) or higher in the
diffusion region are dominant. A silicon oxynitride film of good quality is formed on the

substrate surface of the silicon wafer 30 by N, (2™ p-s.), N2 (H.LR) and an oxide derived from
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The nitrogen gas changed into plasma is a neutra

active species in which N2 (2d p.s.) and N2 (H1.R

generated at a pressure of 300 (Tort), particularly

500 (Tory) or higher in the diffusion region are

domnant. A silicon oxynitride filmof good quality is

formed on the substrate surface of the silicon wafer

30 by N2 (2"d p.s.), N2 (H.I.R and an oxide derived .
a very gmahcontentsucipas Og piapvater: A the hegh-puritp pitengengeer Oxynitriding

ot i N TR B o e 5 T S s o s

oo A5PSY B A FLU eI al L5 O R v

this oxdyrftriaB) filnd HAPtoAeRlm AudRty find tilbfved Yiifokhfe 4dd 8 hAgefore,
good filmaquality and I npfoved uniformty and is,
particuldnlyredfeoties, inpeakingcaifantuyn ééiecisinger quantiksthgtiee.quant um
devi ce using a (1uant um structure. Discharge under a
husgherge apAerAIRarly elrpesphenia prespurentping ppMlseelettae fieldcaccording to
field according to he present invention does not at .
the pregpt INYQHR foendof & ol @%GE‘%F éé% T #2% SeYuRe 1A 2enyrigspiasma with
ALY E ALY o j t
sabilitih e, REZ et d e e, O, BB I BBl SR ¥ ety
atmospRERS TEBurk Otol Ralikd Qidh GRe® PSR PRLGEIS 1AW tdhpsratB c.g., room
tenperature, e.g., room tenperature by an a?rmspherl C
temperpiuges bp Apparoaphesicapldsnpr apgsstun gndrgtrduessings infeghal asinglaesimpler
el ectrode structure and a sinpler discharge procedure.
electrodg suctpeer anfe feyiBples| dijcharget Rroeadare. f dklpmt pasamererst fefating to the
oxyni Lride fi.l e.g., the pulse frequenc t he
format i OY e’ SN HAE e Bl e P S NERSC ARt BEltass e Gy, lectrode
distanc¥BiJ Be Bcf]u§t&i.3 enbodi ment the oxynitride filmis formed
by suppl'ying the above-described high-purity nitrogen
§asile dngdnd emhbodidentl e G@hithd fammas @hiedbYy supplying the
changing the gas to be supplied to a nitrogen gas :
above-fiespiibegl logh-purity nitvegenrpes.\n gaod nitoide &l cgre bg formiedppiy loy changing
th I efp'%) of W?iz or .an oxi dS such as H20 as a}n oxygen
© gasdg fesupPligd i 3 gttogsy Bes baYng AYlY R sxiemely lpwesontent (e.g., 1 ppm or

r e . Fi . The.nitrogen gas i,S a._ .
ess) oF D% B BEPRA, s R T M B drrcn G ol PRI e n e
arrangend® Bho¥n hgSSure @8, OXygen or an oxi de as an oxygen
source and can be easily realized by attaching a
Th¢ nerogerc gsab b dight piazy etttogwe bys @dsating, peeftiAblyoonl§2 ppb or less
the nitrogen supply unit 24 of the oxynitride film
of oxyges o ﬁgoagmﬁ &npXYRO) grur¢andheannbe pasiereadized by attaching a filter

capablel[ %(éeﬁ%%ggl&]o alglsérlbﬂl% Iflzr(S) r(?r tOge’to rt]fuat Irli?rgggn gulfj%%} Xnit liﬂlotf tggf oxynitride
film forming apparatus 20 or in the nitrogen gas introduction line from the nitrogen supply

unit 24.

[Example 1]

An experiment was carried out by using the oxynitride film forming apparatus 20
constructed as described above, by setting the pressure to 500 Torr, the nitrogen gas flow rate
to 10 liters/min., the applied voltage to 3.36 kV, the pulse frequency to 30 kHz, the nitriding

time to 30 sec. to 10 min., and the nitriding temperature to room temperature to 500°C, and by -
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An experinment was carried out by using the oxynitride
filmformng apparatus 20 constructed as descri bed
above, by setting the pressure to 500 Ton, the
nitrogen gas flowrate to 10 liters/mn., the applied
voltage to 3.36 kV, the pulse frequency to 30 kHz, the
nitriding tinme to 30 sec. to 10 mn., and the

. nitriding tenperature to roomtenperature t 00C 1d
using pyyyped 1 LsPhgs p-Hh§iete t1hg prscesssd.a Alssite arigth b e Lcharee

r aces . so, th idth L of th i-sch e . .
eectroBf i FRage 21 s Het FhmmgApRe ol A T e fgieheof the
. . i t d'
st BRALAS A998 1 L SO AR b
the disghdr@CEle@ibded 31 M8 20 he nghsinAnte dhehve B_@twebllil €hedbls &A1RY @Rt of the
el ectrodes 21 and 22, 1 mm and the di stance between
dischatigh eldotroddsrt] pmir22 @f ndzale tipdinsbé angreaicet tsingle s02de,andide edge

. 22 (a nozzle tip in the, arrangenent using a nozzle, )

portiongrof dhejeleitngde plgey en Biessidsr oft the pEjcaws FubsEaty IThthe ATGRSERAT using

side of the process substrate in the ran usi ng.
these FBRISES 3 G ORL L TR OS] SPSEH T I pr ISSSB P gt Betiment

. sults of this experinent wll be

Wﬂ”mggggﬁF%E§0%g|OML The reason for the fact that the

T8 réadbn Esiithy Each BRE iRSnNEal 28ive s?eclesaﬂ‘ﬂ(ﬂp.(s.bi:ahd N, @LIR) are

dom nant only in plasma bl own off the region inside
domindri enlyl ie plasodedows offitberegiod iwide the etestrodes astoppayedaly the remote

descri bed above wiith reference to Figure 9, is not
type, ag fesgribed-ghoye avith referenge i Blgyr Otih APt Cléde HEWEYaltys thought that

active nitrogen species .remains. at.a_certai ' .
the net il ol i R RARS s ERLE Y Wl R 4 ol 0B focoss n
which RaASIRKEAS I dr&ladnth ERGiedi BCMRT ARNERE RBiochNRLHE thd&lectrodes are
el ectrodes are diffused by being blown out of the
diffusellbgWelhg owi outiflte: blepaat porgwhitgieperiting imgigiptagametheach other.
other. Accordingly, the distance between the bl ow n
Accordiegly, th¢ distaaceibefwherr e bivang poid of the disgharee zleghradesiHeand 22 and
process supstrate is i rtant as a condition.for .
* the proResS, SHRGIAIE 50BROBRY £ OBOIPR i ORRTER SO SRNE filhe In this
[ g .
cxamef SRR SR 0B Ok S B8 2 nd

proces$&iibsirite WaBu@t t830nnh@dNhd hindesh SRTIIW fite haé et MRS 1680 liteds/min.
2to 10 liters/min. in the above-descri bed

in the etmvsidesteibed monsrudiien corsliticns fortke axymitide flen forkmng apparatus 20.

form ng _apparatus 20. Therefore, if, detailed X
Therefergpié dpigiled expepesnial tespligcapdepbtanadatitiwashedt & theattregsn plasma

o R AR o LA B e e
paramét@’ Saftb€ 8%‘@?1??,%@}3/89?}5@% ?&ﬁ'glgfghgf’l?eo?@fcﬁh@& Qith further improved

oxynitri rmng can med wth further
accura¢yTproved accuracy. In this exanple, filmformng is

performed by using the above-descri bed renDte-t%pe

In this example, film forming is performed by using the above-described remote-type
oxynitride film forming apparatus 20 and a 99.9998 to 99.9999% high-purity nifrogen gas
under a high pressure of 500 Torr or higher under nearly atmospheric pressure. Therefore, an
oxynitride film in which oxygen and nitride coexist can be formed even in an environment

having only a very low content of O;. In this example, an extremely low content of an oxide

contained as an impurity in a 6 nine high-purity nitrogen gas is used. Even in the
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oxynitride filmformng apparatus 20 and a 99.9998 to

99. 9999% hi gh-purity nitrogen gas under a high

pressure of 500 Torr or higher under nearly

at nospheric pressure. Therefore, an oxynitride film

i n which oxygen and nitride coexi st can be forned even

in an environnent having only a very |ow content of

02. In this exanple, an extrenmely | ow content of an )
embodignang &SINg St GiGferE as iapnrityspay ¢fifget jof fermgng jap exynitride film having
. high-puri.ty nitrogen gas js used. Even.in the 30 :
improvis 5iBert ol fg® SiebRrel s RREH A RGP Iark e e the

. i ( ..
comerf T8 A0 AN il TR0V D IBEEVE S i i i
forming@ dpPH¥ahu8a0 R3S RMmprovHdl Kehé Results VBFVE GhaRi@lve  dthd¥B of nitrogen
: was achi eved because the filmform ng process of 'the :
gas-oxitle miximxeycvintiitiodewill beestisedibepwappar at us 20 itself is

i nproved. The results of a quantitative study of ]
Rigurogéns aghagranishewingxeandsions heri nifihes wi lah Jeubstrate.  Figure

17(2) s gﬁ%?iﬁﬁ@%&g ﬁtqunir *?%?ﬁ@i%%?cjﬁgﬂ ?@géeggé%mﬁi{] o.éc?gggfareeiﬂadiaﬁon
o T | . ' o
with mﬁﬁ%ﬁ@%@%ﬁ % wé’g‘?? ‘3‘?@9%% oi?‘gfh irt?ép %‘%ﬁ%ﬁ%e?n&%‘%?‘hﬁe% diffraction

image SHo\WrORSMgitt T, ar’Si GBErAE (HINDB Vo489 Batin® Moldafiral oxide film on
hi gh-speed el ectron beamdiffraction inmage shown in

its surfddieguasersdd {se) proeass Siatesiab@bjeat to be prodessed). waf er) havi ng
no natural_ oxide filmon its surface was used as a

Bievese $ &bprahers gie rajseett amb’%@%ﬂ@%@é@@ of @g],dgal gas in the
0l SRBE e a1 SIEEAS O L1 LIS e
chambé?rﬁséf‘tgreexg&%sﬁ?% tl-i'eoi'ni!egioagf‘ Ehebaffg‘fb% BE 4L %%i‘nnv&ﬁﬁm‘éﬁfﬁh%rocess in

I ntroduce the chanber ter exhaustin

which thetigtetior ofothe themisd 2604 t2@pérarill Satsdedtomhiph vacuRhg eRsterior
in which the interior of the chanber 26 was

of the ¢hamber 26 ivtay tiestrdies puxged by hintgdluging Laularget neoting O£ nitwgen gés; and
, t he chanber 26 s thereafter purged by |ntroduging
the prepsyrgyén 3}%5}?@%&! i iicdas In &hid cagenas ﬁl‘%‘%d‘i‘ Fae 13e). 02
. C 8 -adj,ust ed.-10l-n _thi se, . a owWn.7i .

remsin 0801 395 803 L E o oot i 85 of B0 P e 375

x 1071 Fortdn ¥hel@arkBer P ih vtlich R Gk f1BHRL B8 (8iming XppPards EPR)installed.
i.e., 3.75 x 1010 Torr in the chanber %6p| n which the
Axyidider fibke 1§ iformaekiobyrusigg ahp axadittile 2fnm forntisg apparakus A0 and a

) nitride filmis formed by using the oxynitride film
nitrogeR gRyNHEN QPP A BB LXiserRgy dv cententi(e o dapyesslesra il g watesy (H20) or

xRS sh L SRBL Ll PRI B SR 98 rcr
s L3O s RTS8 ARG, WO BRAELY 0 s

supplicll @ BBO0Riodn gabanPhd B0 Bitkhasn b BB beSaBIB te8Bzddbydattaching
100% ni trogen gas. The 100% ni'trogen gas can be easily
a filterrcophble ed solectvelmelisomging H,O or O, to the nitrogen supply-unit 24 of the
oxynitride film forming apparatus 20.
Figure 18 is a diagram showing the results of X-ray photoelectric spectroscopy (XPS)
measurement on a nitride film formed on a Si substrate by the apparatus and method in this

example under film forming conditions: a nitriding temperature of 350°C, and a nitriding time

of 10 min. The ordinate represents the peak intensity (a.u.) and the abscissa represents the
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a filter capable of selectively adsorbing H2O or 02 to

the nitrogen supply unit 24 of the oxynitride film

form ng apparatus 20. Figure 18 is a di agram show ng

the results of X-ray photoel ectric spectroscopy (XPS)

neasurenent on a nitride filmformed on a Si substrate

by the apparatus and nethod in this exanple under

filmformng conditions: a nitriding tenperature of
bindin@eeRy @Yd- aFigirer i8¢)rsjows narrovySpertrum measTiement riswsy with respect

., represents the peak intensit a.u.) and the abscjssa
to Si, pg %rgé%eem(é) QWS NATOWSPRATHE! %%/PéI&@WePLF@ﬁ‘HtSWI épefé@ﬁ-

0 arrow spect ryum.neasurenent, or.esul t it e C .
e R RS R 1 8 A sk o oh 8B Ghent in
e R et B R b el B Puriy e filer so
that thedbxidesotx@eHLOPD]) wad 1 pebiceesg hi gh-purity nitrogen gas

(99.9998% was passed through a high-purity gas filter
8y settingtthd ddoxowe: a0y, €k) (nH2E highpuria sitbgpp Baso(9919988%) to 1
setting the _oxide source (H20, 02) i

ppb or Eﬁ%@ K-R5al festoniid} bigdime gaeutedundngamyest lsve Otfag%(eo\f) wasobserved,

a Kk o0 o -N.hindin ou i Rdi eRer

as shoffy fEfbuF 1563 ot P RS PAh B SURGIAUERER B orme
B (1Rdre dekLIY LhkiSsis | it WARFoGRINhhT 1B Forlnftal nild Miin Whs nfide film
filmwas formed. By nore detailed analysis, it was

(SisNz fnd that the formed nitride filmwas nitride film
%$i3N8.50037) Figure 19 is a diagrqn1shomﬁn3_the state
found Hlisrgdipgramisbowimgtthe sthte of bindmedh thendepth dirgetion of therpitride

i TR B SRR P B o SRR o o
spectrug]lg ?ﬁélagtﬁ'eﬁ%ﬁt t}egu?@ ROEL res ec’lSLto tS% nagild Fﬂ'i%%9§lﬁ( bvs 1AW w spectrum

Frow spectrum measur enen resul respect to

. measurtineMERSHECHRA trSspelr @ NRARIeAYureinémY WRROIREE @5t XirGy photoelectric
spectroscopy. The ordi nate represents the peak

spectrasedpansilhy cadidatt heprakesitd deapeakpinesst and ize abicisda ngpresents the
.. energy (eV). In Figure 19, indicating_ portiaons of .
binding gaergy da¥). Jaakigeisr b sindigatingeporipuyy af igdjvigpalgeegie curves in the
.curves are brought. .closer to.the Si sybstrate.side . .
plurali§ 685 Gies MM R o s S Ple SUE OB Gpied pieide i
surface §i@Mit BRleh PRnf ﬁlebtgé)ttg BoRER! HdsRIdRs i tﬁel"ﬁ%ﬁrb.guﬁ‘ﬁe 1M most peak
| ower nost peak curve corresponds to the Si substrate.
curve corB§@niftol the Si absn@be Sies & thRexamplktthat vaklsybstmtially de oxide
source (H20, 02) (the oxide source was | ppb or less), ]
source (2Rl (G exide s wappapbor 168k)s 09 peak dugede SéOndpneprsd Also, it

vasconbiteq 3 SEBSRSR! sHESMEAUS A800): 5 0 BLAOLED MRy i
the depth direction.
Description will next be made of device characteristics of the nitride film formed by the
~ apparatus and method in this example.

Figure 20 is a diagram showing dielectric characteristics of nitride films each formed
by the apparatus and method changing under film forming conditions: a nitriding temperature
equal to room temperature (RT), 350°C, or 500°C, and a nitriding time of 10 min.

Figure 20 is the results of measurement of the capacitance (uF/cm?) of the nitride films

with respect to an applied voltage (V) having a frequency of 10 kHz.
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Description will next be made of device :
characteristics of the nitride filmformed by the
apparatus and nethod in this exanple. Figure 20 is a
di agram showi ng di el ectric characteristics of nitride
films each formed by the apparatus and net hod
changi ng under filmformng conditions: a nitriding
tenperature equal to roomtenperature (RT), 350C, or
Fyecwithnespactrip g differpnt hitiding terperatyres: i gegre teaparafuge{BT), c.
.~results of neasurement of the capacitance (F/ o) .
350°Cy foSWITs fudhe H—‘r{rschaeia%qﬁlsv%élﬁéﬁfrergﬁnta%ﬁ Shpd é;a%{}é@r? a"{j)e device
. [ f.r.eq e 3 it
charactef bt el 5 R s e P luch G g G ' BehBRaE Ghrve o
(Ideal LEVPSTAE W) . ¢ 350C, d. 500C in the GV
characteristic nmeasurenent as shown in Figure 20,
Fapire 21 i€ hadiagrh@r SHtigs catpaikpn Gssedn dyakexpedmi hmtatkristics of
values b. to d. simlar to a theoretical curve a.
nitride fil@®al curve) were obtained. Figure 21 is a diagram

how ng. ' bet |, t

R L T —
o s G S AR T acabs e
s SSRYRIEL RPN g At Gy e, 250

and 500®Irhgvealesl @fientOatd drampaiddrsl bEmaiijude 3bQATer thamthosO0£a 3.0 nm
~ have leak currents one or two orders of nagnitude _
thick déngef| itside filmr{StNes®moed by 8 lowprassure VIR (HPEEE) apd r2- ham thick

. fil Si 3N forned by ow pressure CVD (LPCVD)
direct sjtde 1 (N aqeied b AR, plaf refioiiotis Rl bRy ) G bave
s T B
small. properties), although their filmthicknesses are

small. Analysis as to the reason why the | eak current

iAmalysiveasktalthe ressoul eeyr thb dehkaboest issrenprieatdn s yesveibed above is
conduct ed. The reason wl | be exam ned thr

h
presenthyy hewpg condictade ol he uppsentwilldss eamsirs Hapush, g%%@éﬁ%f bgk current

oy di agram for explaining analysis of a direct
descrltieékglé’lw'current relating to a leak current. As |eak

GHEEN $s h RideRRK FEUEBMing bhAGHS of @ dRect"BRL ABENBRAing to a

[ eak current “transm ssion nechanism (1) Pool -Frenkel
leak cue@hsSi on current, (2) Schottky em ssion current, (3)

F-N t unnel o

As leak currents in leak current effects to be mentioned as a leak current transmission
mechanism, (1) Pool-Frenkel emission current, (2) Schottky emission current, (3) F-N tunnel
current, and (4) direct tunnel current are known. From theoretical values and experimental
results, the inventors of the present invention supposed that only a leak current based on a
direct tunnel current is playing a role. Leak currents due to (1) to (3) shown above can be
said to be low-quality leak currents, while direct tunnel current (4) can be said to a leak current
appearing in an ideal insulating film. Also from this, the oxynitride film formed by the

apparatus and method of this example has ideal characteristics as an insulating film. It is

supposed that direct tunnel current (4) described above can be simulated by the
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current, and (4) direct tunnel current are known. From

theoretical values and experinental results, the

inventors of the present invention supposed that only

a leak current based on a direct tunnel current is

playing a role. Leak currents due to (1) to (3) shown

above can be said to be lowquality |eak currents,

whil e direct tunnel current (4) can be said to a |eak
Wentzelch-ragers-Bedprin formpla, and ithat thealncrepssun£ffeptjef mpsy’ relpgs to a leak

fromthi.s he oxynitride filmforned by the
curren %%gr%%écéh’&n \{T%t(é}' this exanpl e has ideal

FREEES) Rl el BPotlh HERRA S abbieMat bRt YRR reak
currenBS{ATBLSFAhSY 8 iR thidl B BRh TERUBESthBabbaraith Bnd method of this
formul'a, and that the increase in éffeciive mass*
exampleeluatee Silinofoamirgakonditivhk:ef tprdsage cbfof00dTo@ aindet Aew@ly atmospheric
current (4). Figure 23 is a diagramshowing the
pressuliegs gitriging ferppssatureeniBnd G fand ppiitridthgviohe afyEd (). - | Alak in this case,
.curren cn2) of the 1.8 nmthigk nitrjde film )
expeﬂwtﬁlew%%wrﬁ]fﬁ&.l SPRE) STETARERBETEF to Ainaulated yappe (simulated
curve) 4B %edfﬁesl ddBn Stk %dWén%ﬁKm%e‘}E-%%ﬁl%{l@ f%%mél%? inl Sfife of the
“under nearly atnospheric ~pressure, “a nrtriding
pressule@RPEH 46 BtridspBRRCore@0LE, fe NEOT TEHNMIE! AR TathSsphbRe pressure.
Also in this case, " experinental values (eXxperinent aF
From thig; iejs iengirtahitythe atifide fimt forsiednblyathe chppadatigsand method of this
(sinmulated curve) obtained by simulation with the
examplpds ingeasadrin pifeetivermass gifi indicgingihamovemensiof elepfonshe

B85 15 0 T e PR B SR . Sy
1oF BpIEFP bt
reducel Bk ERSE ahe PplonS Boi: HPrsea Rty TR b rgeey on e

easily girfoe@bd Ve tiBgparitusi and intMddne thib %xélﬁ]‘fﬂ@rf@ fdrnOfhe nitride film on a Si
el ectrons. Thus, while the nitride filmhas inproved

substratti oF gbe rlike, chmrlec tasily stards] ont meder kiawisyherice fgseue lak ak lower
current and i nproved device characteristics, the film

- temperpiyFa R fOIRHELs With dhe qpavendionn] aft. gad £aR ke ganly argaged in an in-line

p t net hod of this exanple to form.the .
mannef I M SO BbcR sulbF a0 ol PRUE falf o ghe exsting
metho®@Rl dpppar@ik! | €d out under atnospheric pressure at a
| ower = tenperature in comparison with the conventional
dht nitadel i feased Yy alis aitgeiaei filnaformatidn Arthodeandedpparatus
. Thus, the filmform ng process can be easily carried
has impypred devipe charesterisics tppduding e laegk cwpei ohargaigristic, different from

aratus. The nitride fil.mnmanufactured by this .
those AR Yo ionr s it 06 HYIBE FBRECHFGP BB AEA LSS b theoretial
s, SROHEAEN 68 SURTRL ShBIG MIELUMAD, HHEFeSort e o
the nitGRTUBNYah @B @kpdtitdd i de film or having characteristic

val ues closer to the theoretical

Figure 24 is a diagram showing kinetics of Silicon nitridation in film forming by the
apparatus and method of this example. Figure 24(a) shows a nitriding temperature (°C)
dependence of the nitride film thickness (nm), and Figure 24(b) shows a niiriding time (min.)
dependence of the nitride film thickness (nm).

As shown in Figure 24(a), observation was performed under a condition: a nitriding

time of 10 min. by setting three nitriding temperature points 25°C, 300°C and 500°C. The
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val ues, not achievable in the case of the conventional
nitride film Therefore, novel use of the nitride
filmcan be expected. Figure 24 is a diagram show ng
kinetics of Silicon nitridation in filmformng by the
apparatus and nethod of this exanple. Figure 24(a)
shows a nitriding tenperature (C) dependence of the
nitride filmthickness (nm, and Figure 24(b) shows . a |
results shewithatrife mitpide {ifm dhipknege piap geieadedat 1 he Znam 4t gack ppservation

temperifis” ofit St e ACPO U PRaIRe] GRUPE TERIGR nGo (VRREBHRLY no

' . ' ee nitriding tenperature points
depend%g%?@&%@%(ﬁgéEag%atn%'e 34 results show that the
Aildd; 128 SshbivhMint PigGkNeKB), Verevatio a8 heforrhed Ynder Rhdition: a
each observation tenpérature. It was thereby
nitridingaeipedatde bHas0°ai by settingothfeatitridiny timds 915b@IMATG rah.| andnid min.
dependence on the nitriding tenperature. Al so, as

The regiisviownthel thermtrizia (B thidkoessvaed srumated paabbut hdd 2upgein each
a.condition: a . nitridi emper ature of 350C' b )
observation: g ¢ Hr was eﬁhYdF?@ff?lﬁﬁe@?fo%ﬂﬁﬂ%.r?a%wm A dgtaggially no

L N, < I . show that the nitride filmthickness
depend\}\g/}éés%osfla E?lal&e)lggg %'about 1to2 nmin each observation

Def®iptibh WASthEDBE e CoIthe PIBALIlIRALL Bbrtfd] GftBe FBACthicRAess in

had substantially no dependence on the nitriding
forming amétridDddmrand tof elecinichll chiatreteribicsntadelathy phepeppssl the mittide film
.. of control of the filmthickness in fornmng a nitride .
with referenee 4o figyreselSeangd 2o by copsidering whick of the repialiactys srgcies N2 (2

ps) m@fh&f@@%sgéﬂéu %%t%ﬁ%%%gf%ﬁtﬁé@ B of rre Houtral
Pl BEGhFamNoking thickhebs brélfffe MonddtbrdSs b a nitride flm, and

emissidrSin@enditAgreadirs BavioRgistiéy Sfkihe SSupdl S Species N; (2" p.s.) in a case
characteristics of a nitride film and enission

where thetpgessinteyofprirsgenrgas etaachangediis tthaesmngé fiolme Sthéu oG ([Corr while the
tive specie ase where the

.. ... ac s N2 (2"d Ps,) in ac . .
nitriding tergperparoVan il e gedh thyitridane tmadg an; nln this cagg ds gongppsition
5Q.t0 700 Torr. while th nitriding t er at .
of thedeyated IME" T PR W' oY SV ATRRS ' Qs Hpgetecti
spectroSQIPRPShal 5OR; ;f,. the fornmed nitride film conputed by
striactural evaluation (X-ray photoelectric
Apeshtvadn digyre \B4 s thSi fiM3thidkdess. ofAthe stimida film Kiagguepgre@mted by a
the filmthickness of the nitride filmis as

constant gjsuss bty i yheapressyres raage finan 460 to §0AN drm andhdecreases with the

reducti{w)x;,l glspsrlésrs%rerig t eeprgsrsgrrg rgfr(l)g% ro(%n 758(%0 I(?d Ji“or?.n dT}(ljeec raﬁgg’ th film ﬁlE]ckness

of the nitride film with respect to this pressure coincides with the change in emission
intensity observed by optical emission spectrometry of the neutral active species Na (2™ p.s.)
in the emission intensity-pressure characteristics of the neutral active species N, Yps). It
was thereby found that the neutral active species N3 (2™ p.s.) is conducive to nitriding reaction
at a nearly atmospheric pressure.

Figure 26 is a diagram showing the film thickness-nitriding temperature characteristics

of the nitride film when the pressure of the nitrogen gas was changed.

35




reduction in pressure in the pressure range from50 to
400 Ton. The change in filmthickness of the nitride
filmw th respect to this pressure coincides with the
change in em ssion intensity observed by optical

em ssion spectronetry of the neutral active species N2
(2"d p.s.) in the enmission intensity-pressure
characteristics of the neutral active species N2

Bt was foupd thajieas shpwn dib i gusuAe antalso i Higvee 24 aefered ch @bove the

film (e PSR s a6 Py FTROSETE fepenimes gra Pitlipe tomperature
with relsBecbtd hE UALIANMRG LD b HRLEHNGRP 00 it is formed by

_the sanrtd a8 SSehshigh. t he nitrogen gas was changed. 35 It
was found that, as shown in Figure 26 and also in

BisgLiesul 4t waffoutidethat e dibvavibicktdde of fhelniaritle fidkine s foifimed can be
the nitride filmto be forned has no dependence on the
controlnlﬁdt Witllintention ﬂw@ﬁatmlheg thei anpunk ghganeragion pfichesupntral active species

tud of nltr gas pressure and the nitride :
N, 2" fR ﬁe SUPTDEEREEN 8% mechani sm As a

Eﬂﬁf 'ane 1E?ﬁ‘i@1'io g&i‘&&olﬁxﬁgg gfgxgul%fnlgm C]grgb&ﬁﬂle Z ?lfmi t H?rlde film,
capacitaRdeB¥tlta cﬁéfa&@ﬁ‘stu%@'(b'-v %Mh%teﬁ@@déﬁ‘tar@fgeﬂa@ﬂﬁf ahifefn Gh spite of
the neutral active species p.’s.) through the

differemtagﬁldﬁn.glempéramt@S(Rﬂ‘r) €3 3P Craint 60@‘&1’1 agaﬁo débaihed iabove with respect
el ectrical characteristics (insulating property) of

to the pifedenfilin wel referarpe o Higaed 2&in e‘éppl@dtvagégeclﬁak gewrent] cheragigristics
0 PRI 3 SN e DG RS o
des'crib@@ g&vﬁlfﬂ?ke?rﬁecg ﬁﬁfﬁ npﬁgeé %@g%{ﬁg V‘%g&‘é?eﬁcg %(2 gfgtuipﬁf’ t lg%an therefore

be und&t@iob@ﬂﬁt lealectithl @ﬁi‘acﬁé]ﬂ@ﬁ@%@ﬁtbﬁfepéiﬁient(drrtﬂe nitriding temperature,
' characteristics) are also uniformin spite of

@iohsegnently, miso rin delagort enver facuthes ,as alssaltsd abdes evithbedkrence to

%gove th respect tothe‘aﬂltridefilmwith ef erence
Figure pg reagtion ¢s %‘ﬁrﬂlh%?l“é ¥ dlepgepinere st IQ%EPEnReFPéure the

teristics end
electrm%l &a}%:ltens igs (?%3 raﬁ{x%};rope @a %1%%({ fqmptp gsef e e(iag tb% gﬂntrolled
with 1rﬁéi‘1ti'bﬁ %yf&ﬁ&olthlﬂ@tthe AHoBRSHT g&@ﬂtl@ﬁ)%y ehehduiral ﬁétﬁvreeﬁiégle!i &, (2"
Figure 24, nitriding reaction is not substanti al
p-s.) thebegh tikanignitodd bfpredstifel afinitgpgergper at ure, the
el ectrical characteristics (insulating property) of
FramrasiA7rand @8farg dingromp shewingettirasah compaisenbstwasa thewtmespheric

pesonkUEAL, S0BY GRTEOLL00. he ot . AENECALl O S e
e} ] L BB, i o
nitride ik t8bETSIANA1h G case where the nitride film is formed at a pressure of 500 Torr
‘and a nitriding temperature of 350°C as in the above-described case. Figures 27 and 28
- respectively use linear and logarithmic scales for nitriding time on the abscissa but show the
same data.

Referring to Figures 27 and 28, the film thickness in a film thickness range of about 1

nm can be controlled with respect to nitriding time through a change in nitriding time in either

of the atmospheric pressure plasma method and the RF plasma method. The rate of change
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pressure plasma nethod (AP plasma) based on a pul se

pl asma nethod and the RF plasma nethod (RF plasnma),

the rel ationship between the nitriding tine and the

thi ckness of the nitride filmto be fornmed in a case

where the nitride filmis formed at a pressure of 500

Torr and a nitriding tenperature of 350C as in the

above-descri bed case. Figures 27 and 28 respectively
in film Wisickresnéependention thgartritling timsingheatnfosphenictpréssim glasinaencthod is
. ..on the absci ssa but show the sane data. Referring to. .
high inogprisonpwithythg ratg of ehpage in ik thickrers dlependent qn theitriding time in

e 5, BR8P SR s S00H B e v

b i ; . !

contoff e Aol b el TR BEEL RO Al

the filrf fidBgRss danbd rdeidonddpBhddin 68 Shed@RRIMERINe R thh@mospheric pressure
nitriding time in the atnospheric pressure plasm

plasmarre¢thadlisismallér ig filmrthicknessithias dre filint thickhess chireeotgioh deygedent on
_in filmthickness dependent on the nitriding tinme in
the nitridigg tgne jn g kg’ plespoacthpdit it is within a tine range

ThOFIode o BaRR JF TP LQLGPG 251 e GRS REGH B et method

 ensure£@3i 4 Yhi Bﬂga@ﬁlmé\aéﬁe forbd3§ i b M A KD ES S ARBSE with the RF
regi o m Int

n dependent on the nitriding ti

plasmaahéBEPWEIlE the RItRHSH B ﬁwrﬁisafe%dﬁiﬁﬁbﬂg térBp&amtd € fiked.fi I m
t hi ckness than the filmthickness change region
dopsqdently, the filitbickindss pftheguittiderfilrin o béforRied phmshya be controlled
.. .method. Therefore, as shown in Figures 27 and, 28, the d
with inggntign hyesoniroling dhe, pmopmtfgenpration 4T thenw agtie; spgcies Na (2

p) RPN RS e B of

pressufglof h@R@tn gAs Pressure and nitriding tenperature are
fixed. Consequently, the filmthickness of the nitride

Fidum 00 dhewt cr smdpeon alf he kelat@nbewlebe dhe ilinhthickness and the
intention by controlling the anount of generation of
substrafeh temmstatyrg | inglbe injlsids ddei ek thpatppapheris. greysurchplosgh method (AP

] | of itridij ' il tant |
I R T
i 5 S BN COTRAG T, b8y B prosrs

plasmal18EMA6d ahdbr SilinFofrhiBg Rbhditio: hipkds@t of 300 aloraiNehittding time of
pressure plasma nethod (AP plasma) with that of the

10 minREs thioss imatheebbraedd gseibad| cassrarhile Ehagpgime t1hO teshmanstutehs the khstrate
thi ckness of nitride filnms fornmed by the atnospheric

(nitridipg éeyaperature) iy egangst fiom Rintes0FCy and alsarisheve Brediilp tigkness of
nitride FiIRS Formed %yotLe i%omgt%[)cﬁ ugge?' fﬁmnfio}nrlf.n%icr(])gdittiiorr{g aogressure of 1 x 107
Torr and a nitriding time of 60 min. while changing the temperature of the substrate (nitriding
temperature) in the range from RT to 500°C.

The film thickness of the nitride films formed by the atmospheric pressure plasma
method can be made constant regardless of the nitriding temperature, while the film thickness
of the nitride films formed by the RF method varies in a range of about 1 nm depending on the

change in nitriding temperature.
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10 min. as those in the above-described case while
changing the tenperature of the substrate (nitriding
tenperature) in the range fromRT to 500C, and al so
shows the filmthickness of nitride filnms fornmed by
the RF nmethod under filmformng conditions: a
pressure of 1 x 10-5 Torr and a nitriding time of 60
mn. while changing the tenperature of the substrate
(Idsios,rwhmnide nitgde Elmtisifaned byt the atmagsgberia pessRE plesrB®0Ethod, it
The filmthickness of the nitride filnms forned by the
can bea’gﬁﬁ%%ﬂ]ag It E@gé@p@l%e ESeRRStapb HTeSRECHYER ogglen%lggtrate temperature
(n1tnd1 nstant sgar dl ess of the nitriding tenperature,
TWPLHE) | m t hi ckness of the nitride filns forned
Q\}é hberikEa %&J&o%ﬁéﬁrﬂhgsth{&n@ssr&nﬁgn% B0 Gihimeh ﬁ”bontrsp‘}led the

depending on the change 1n nitriding tenperature

atmospheHs preshe8 plab@a RictHoddef thik kxarhSle kontrarg tH)antduat of generation of the
at mospheri c prngssure pl asma nethod, it can be forned

neutralsastivé species Mo {2 mst) throkglessitios oLtha megnitudemfelmﬁelssurﬁeofoﬁtrogen
the substrate tenperature (nitriding tenperature). As

gas and cRspph Et Hisodesired flm tipkneshiicribe §le@frwph eharacgerisacs (insulating

popr RS TR L ot S P BRI e S 82 g

time. 9eneration of the neutral active species N2 (2"d
p.s.) through control of the magnitude of the pressure

Formingr o exynigids flad aeh setkids filinhedondingasi the RIF iglddma method
_thickness, i.e., the electrical characteristics _
described nahgivat inngpmpsrispre vith) thef ptefsentninveintiba fvias metforhed by using an

formed, can be_controlled only by controlling the
apparamsts\qﬁb‘f rﬁéowpgqq@gur,egpm ng of oxynitride film and
Rt Pl 07 T AP PR B 0 s e

on whith'Y 8f¥staR %oﬁ@édf RTaARjeY1oUR fisedded 1§ﬂ9@erda§u&t§a 1%%!&13.1 £t 54 1o
shown in Figure 30. Referring to Figure 30, an

which B.IFdisemlemyt wavge afd dppliédrochaggapp atatdusedis hae radlsatlag €lhe stage
on, whi ch a substrate 52 provided as an object to
53 an%@l@plfﬂé@ékg@a 5t sarg pEevided Bndl raaqtlaeucélamb@ruﬁl 54At88S ss»mpldrsource

(nitcogs gi F3 € ?%%FW £ it e Ef g s s At e r A apBemSfga: pum
TMP) 54 t& BaiRtRAS R rbddtitn cRAHibdr R a%‘@ Esurads ¢ @t%d YRR ¥action
%g cte

source (nitrogen gas) I's conn tot radi cal
chamb@d1l. 54. A punp (e.g., a turbonol ecular punp; TM) 56

for maintaining the reaction chanber at a | ow pressure

Figueodhediond a comparisprdeble dn a cirenmybere Stitride film is formed on a

substrate (p-type (111} Si) provided as an object to be processed in a predetermined
temperature range from room temperature to 500°C by each of the RF plasma nitride film
forming apparatus 50 constructed as described above and the above-described nitride film
forming apparatus of the present invention.

Thus, the nitride film forming apparatus of the present invention can form nitride film
under a nearly atmospheric pressure in a shorter processing time (nitriding time) in
comparison with the RF plasma nitride film forming apparatus 50.

The features of the nitride film formed by the apparatus and method of this example are

summarized below.
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Figure 31 shows a conparison table in a case where
nitride filmis fornmed on a substrate (p-type (111)
Si) provided as an object to be processed in a
predeterm ned tenperature range fromroomtenperature
to 500C by each of the RF plasma nitride film formng
apparatus 50 constructed as descri bed above and the
above-described nitride film forn1d% apparatus of the

Prsegonn bysanetingh. evzrlh@téon (XBShinitride SNz eeri Megs formed by
us.of .t he re venti on ca formnitride
Supplymg@% ah:a%rétw n&f%@%%ﬁ%ﬂ @&\@wwﬂmé% [ipresuehy t ']%;t thepidgysource
LN I tridin 1S
1.0, REESERS T oBR el Tt P bttt My SSOPRHRL SE8i-dimed was

umfonﬁ%xé%ﬁ&ﬁecplfn tﬁé‘@e Hﬁ‘é(ﬁ{i%nfof {h@n‘itﬁﬁgfﬁﬁnby the apparat us

nmet hod of t exanple are sumarized bel ow. 38
A% exbmdbgy ﬁhﬁw@tolﬂmlhcoevxﬁiﬂdaﬁdng mittide) readtichris @6t ddpendient on
Si 3N3.500. 7 was formed by supplying a high-purity
the nitniﬁing tyemmitgding témpagthresandinhidingris sapurgied ahd |c0mplemdmhen a nitride
at the oxide source. (H20, 02) was set to 1 ppb or
film th}c&%ﬁs of{ t%@ﬂd%fﬁ@?h%@lﬂﬁ ﬁ%ﬁbllaem F?@R?rateehwf?a}eﬁ% gitgigiag.
orml,y..di str e, de irec
% laFgngd ctIIOH,]m Rg g r gegg%gp :%1? Jﬁl&roge ed# e Otﬁc%ncy of the
proces§li tridation, nitriding reaction is not dependent on
the nitriding time/nitriding tenperature and nitriding
iAscaaplete dteaimatigide ditinl @hdd foled, and fdrimigeis siogped when a nitride
thickness of 1 to 2 nmis reach_ed, thus enabling
film thjckpess @i &rm i isadhiegh - Theselgraither invéntipn meeyl ke ¢gpanbined with a CVD

i G e D e R 50042050, ATBLSLEPE 8.
th Eiagr?plé slrma Q%B‘Fdlﬁé) hlq)% s 2 %e fsg'gcﬁg%nfrglle%t a8 ﬁg 8f an oxide

en a-‘ni't ness o nmis r’ea

“such a?_ Rekigh-aleRctrichRsk BMEN haRRia By OSCRMMRIARE (Wist, |Zr®2,CMED2) with a

ilmng formng process to extend the possi b|||ty of

small anomatt ofjnétrdgemNiean be snaalecpossibles aablwrd-or thexafijleck in Figure 2.

since the nitridi ngrﬁﬁrocess can be strictl

Also, fopningof] awitrideopsgonsiucion fbmi @ Gabninds AAI\% can be performed by

using iy SHEo PLBRROT s e RGOt OB bty o Al fiiRine gas saptaipine o,
In, or Al ame%ﬂlﬂh%e{gh%o@i@%eﬁg&e i ble, as shown in the left
u

block in Fig orming of a nitride

sem conductor film(e.g., GaN, InN, AlN) can be

performed by wusing nitrogen plasna of the present
[Exam}Pln\Zéntl on toget her with a filmformng gas containing

h th ht bl ock Fi
[Condlgons for mlxmg ofaflnfrogaesn gsas gnwcrl]mln el erig ock in Figure

Description will next be made of conditions for mixing of the nitrogen gas and an oxide
in relation to the amount of addition of O, mixed in the nitrogen gas introduced into the space
between the electrodes (the rate of flow of O, contained in nitrogen gas to be iniroduced and
supplied from the gas supply unit 24) in the method and apparatus for forming oxynitride film
and nitride film according to the present invention.

Figure 32 is a diagram showing dielectric characteristics of oxynitride films formed

according to the amount of addition of mixed O, while the rate of flow of nitrogen gas
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[ Exanple 2] [Conditions for m xing of nitrogen gas and
oxi de] Description will next be made of conditions for
m xi ng of the nitrogen gas and an oxide in relation
to the anount of addition of 02 mxed in the nitrogen
gas introduced into the space between the el ectrodes
(the rate of flow of 02 contained in nitrogen gas to
i be introduced and supplied fromthe gas supply unit
introdupey) intortherspacrebdiwernahel ckepisedesti Sx¢bat Fhslm. nd heemaunt pigexhaust
filg1 nd nitride filgé%ccording to the present
was adjysied 5¢ fohthemressite wes 5P 1Ty agr am showi ng di el ectri c

[ i . [ ide fi.l or.di-

R GG e N e S T
- the nitBherf da8'%h &nfBinlifyOURINa 889 chadctbMic Qe fdThOhibR9uiBAQLeas, the
between the el éctrodes is fixed at 10 sl m The anpbunt
expansivh ocbiistebis cub@s atfhasicedissocirbat is rédcpd edthuheinogasdif@ddition

Torr. As shown by G-V characteristic nmeasurenments in
rate, asphown én @V chasadsnsgienuryasbh.iteeadded to  the nitrogen gas

TR e S i Bbon oty S dpseRerovveen
s o Wty AL R4 S0 "SRR B W i

characteARICR Gh efhk SEINVE RMBMBEstR: ciirfesS shdvhif i Figde | B, el BET @Relation
showi ng the relationship between the rate of addition -
betweeafth® xatg efi addjasn tod oRygehogR o grtsogencad dnldahe hasteresibiviitith of the
(flat band voltage shift) of the hysteresis
hysteregis gharaetenistiss pleoyvn) in Rigiee 82V characteristic curves shown

BB 52 0 BRSPSl A8 e v
By 83, RO AP PSS o

where 1h@ By gehiadtitioh ritB & (6t Qe@SHush GRS ARIBTAIBL A Exyoln EAEis added to
C-V characteristic curves is one-sidedly saturated on

nitrogen fges, aypg|the fatvimintl bt oietha hiysteresis dbaracterstivegn the C+hheharacteristic
the oxygen addition rate is O to 2. sccm such that .
curves §taps ehaneing) (Fifting) tndhg applipdoroltageppsisiversile when 9g exyggagddition
rmﬂexgng %h% flat band shift of the hysteresis
_ cfiar adteristics in the GV characteristic curves

flvstSukRRGHE %&&Qéuﬁ» Widi9br R AR apRldRE: Yalifg aturated in an

positive side en the oxygen addition rate exceeds 2
increassd sifte ith b rogion Whers dhd e hiliiysiatrie 9its 2weeth Budf thatsabstantially

GV characteristic curves is saturated in_an o
no oxygercgasds eddesk tatratrogen gag;dle bystuheis widtheof glxg/ GeVi charaetenigie curves

rate is,0 to 2 sccmsuch.that supstantiall o
decreases gn a region where the oxygen ac{?htgon ratesis to g% scemy, Xnd the hysteresis width
. is saturated in a reduced state in a region where the oxygen addition rate is higher than 3.5
scem.

Thus, when the oxygen addition rate is increased, the expansion of the hysteresis curves
in the C-V characteristic curves is reduced. This is preferable. Conversely, change (shift)
of the flat band shift of the hysteresis characteristics in the C-V characteristic curves
~ progresses as the oxygen addition rate is increased, thereby increasing the shift of its value

with respect to the applied voltage positive side.
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no oxygen gas is added to nitrogen gas; the hysteresis
width of the C-V characteristic curves decreases in a
regi on where the oxygen addition rate is 2 to 3.5
sccm and the hysteresis width is saturated in a
reduced state in a region where the oxygen addition
rate is higher than 3.5 sccm Thus, when the oxygen

addition rate is increased, the expansion of the
Ay ytagr ynd thafs ieun donsid¢ratiad Wi cthar @Y evharapieristingr o& ghe gormed

.reduced. This. is preferag‘lj,e. Conversely, change . )
oxynitdy iy the sfatg fin, tej cgpe GEAGHIBR ORYEGF 245hE H SEQR & pigrogen gas, in
i FRSKBELEL! SHUR AP0 PR A5 ShEEs UL HE g i
not pokARERLYr haGHSas! &&l-s_ticﬁ:%, §h :pféfer%le! i MR U gfe@c&%gcei tis given to

respéct to the applied volftage positive si

improw@s the UV HakiR teristi ds @Mieon§ hALd@fiindhdaftioh RE ofydén gas even at a low
characteristics of the formed oxynitride film the

rate is prefarablen the case of addi ng oxygen gas at 5.5 sccmto
rﬁli_tro en.gas,. in which the hf/ster,esis wi dth of the

iare r¥sis actiagramy ehqvapg dhe rslafiapshin petyrgnt the ippulption voltage

e S5 b e 9 RRH Cerpm TSEAS HE SRR 1 S et i
nitrogeln! Eﬁl\ﬁ‘oﬂEigédhﬁto%é/sp%@S&&Eé{ the bleESo plhtB€ oxynitri de
film addition of "oxygen gas even at a low rate is

pigireBablicevs thitghe Ralddurtent & rdihigd astizhewiofgdditien of oxygen gas to
. relationship between the insulation voltage _
nitrogepicag fiemereagedy bittingey foand thah en uoddsirebie cenditide penlti frgmorddition
of .02 mj xed. i nitrogen gas

dthe rate of cigliti&n
exceeding 4 ¢RI Alfough medprt iengt showe i thafgWeect r ode
t L-Qur 4 t ant, yi..
P8 5o SO R B SR, slfed Sl Al EE bl e s .

scem Wﬂstdéféﬁﬁﬁae&la%ﬁﬁéj(ng'b?@&%ﬁutaﬁéﬁ frbfa X@s found that an
undesirable condition results fromaddition exceeding

dhog it wian fouwmtlghataf timdinghthé heakfmeteni 5 contiderbd\itigh-pudifyenitrogen
- . figure. The conposition of the oxynitride film
gas is ngp alyyaye grofgrables he 02 addition rate was 5.5 sccm was

termned as Si 3NL. 204.3 by c tatijon fr XPS.
AFHHGIOR % G RmRER™ S THRSHETA G0 18 “PeseiDebARep i clectrode
plates Wil 6O RHELEE b @“e&ﬁ@bﬁﬂ el e REBAhiP AR e AveHW@MRA leak
preferable. Additi'on o ox%/gen gas to nitrogen gas
currenti Nt roduced i nto the space between t.he el ectrode

lates will be further described by considering the
tduzg BOnisHi diagianh shdwveing Bbhe eexidss oofi dpecirdl emklysis iy emission from

nitrogen plasma observed by the direct plasma technique when no oxygen gas was added to
nitrogen gas introduced. |

Figure 36 is a diagram showing the results of spectral analysis on emission from
nitrogen plasma observed by the direct plasma technique when oxygen gas was added at 1.5
scem to nitrogen gas introduced.

In each of Figures 35 and 36, the ordinate represents the emission intensity (a.u.) and
the abscissa represents the wavelength (nm), and a 200-350 (nm) wavelength region in the
vicinity of a wavelength of 300 to 400 nm at which N, (2™ p.s.) was dominant in the

observation results.
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Figure 35 is a diagram showi ng the results of spectral

anal ysis on em ssion from nitrogen plasnma observed by

the direct plasnma techni que when no oxygen gas was

added to nitrogen gas introduced. Figure 36 is a

di agram showi ng the results of spectral analysis on

em ssion from nitrogen plasnma observed by the direct

pl asma techni que when oxygen gas was added at 1.5

Retarring toiHigwe S, imdke icater wHere end. oxygenawss ofixqd funipgen gas,
.. 35 a 6, the ordinate represents the em ssi )
nItrogeN fag ﬁgi @y Pesa), 1t PfasERA O s dpainags i 4 a’av@@m 309350 (am) region
. n a 200- 350 _(n wayel engt h reai on .
i the JERUTREARIST hor AL B AR 30Tk BYEE SPTh S et a
1.5 sc¥hi 8hnibi (gran s ) r¥%&d dfinant i

resul ts. gﬁ%é?%ﬁ%%?f%ﬁ%ﬁ%s ngh, &)Pﬁmta gi*eatc‘fga\)s(lgSt \If\ihelgl}ngn tina
wavelangtha300ek50 (e ragioteid thé obsevadige Fesgids as iihe lcagedhogasn Negure 35,

(2d p.s.) in plasma formwas dom nant in a wavel ength
where 30@x38® i§ miingd mayirogen gas. t hethelsswr where onygepsgastwas mixed at 1.5

Referring to Figure 36, jn fhe case where oxygen gas
scem tQAHTQRER g, pecurtense of gpy s flepivesty EAMQQ-Y, APt FishEHZGh the case
) Aol a formwas. dem nant in
where {8 ok il o S gld B e B ol BBk Bt 200300
regionf esul ts, as in the case shown in Figure 35  where no
oxygen is mxed in nitrogen gas. In the case where
Gxorg eltis,asvasfvandribae detaimihation $a6 Mhethen bt OGN gEAZas is mixed in
. occurrence of em ssion derived from NGOy, not ]
nitrogeneaas gitrodeerd intot the spavs detwitvarthe loctondy glaieyean beamads keghecking
i n_nitrogen , was confirmed in a wavel ength 200-300
the statg,of opeygre ?F"f%?@% this, it was found that deternination
FoebattliChy B8 g%t BRLmR AR 0030 e Bl b8 W bhanges
inrate@fﬁid@@orpﬁ%x?%n:%@’ﬁ) Mrogdiegdi ng the state of
occurrence o0 y. Qbservation by the direct plasm
g 8 G irea diagratrhshowieg flermiationdhihbatesqetht dxygahgasgeldition rate
in rate of addition of ,oxygen gas to nitrogen gas.
and the-iegtiysionsiptensitya framalye 4én Shblvard thenelationship HRtraep the oxygen gas

e, Rt wee he oxygen. ga di tiQon rate , and e em,ssion
adiitofl oY =TS el By G NGRS G 1ot BRSPS b Shectrl
alysi® SRR Bsid B o0 SsmAHh QBB i AMlaldS BM §SidMion of
.an ySIi nt ensi tly f(r)om 1i%%%f/lg%}nntlhe ba{s' S o? t he rgsul ts of on e
oxygers@RCt mFigufGll, Yisd Srddateftpfedes tHerig@nsityt sf0gRRsiph SkPs) from N
; Wth respect to the changes in rate of addition of
(2™ p.s.) and the intensity of emission (kcps) from NO-y, and abscissa represents the rate of

- addition (sccm) of oxygen gas.

It was found that, in this case, the intensity of emission (Mcps) from N; 2™ p.s.),
~ which was 2.0 Mcps when no oxygen gas was mixed, decreased after a start of mixing
(addition) of oxygen gas, was saturated at a certain value (0.7 Mcps in this case) after addition
of oxygen gas at 0.5 sccm, and did not changed therefrom even when the oxygen gas addition
rate was increased from 0.5 sccm until the maximum value 3 scem in the case shown in the
figure Was reached. On the other hand, it was found that almost no emission was detected
from NO-y when no oxygen gas was mixed, and the intensity of emission (kcps) frbm NO-y

increased after a start of mixing (addition) of oxygen gas, was saturated at a certain value (2.2
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oxygen gas. In Figure 37, the ordinate represents the
intensity of emssion (Mps) fromN2 (2d p.s.) and
the intensity of em ssion (kcps) from NO vy, and
absci ssa represents the rate of addition (seem of
oxygen gas. It was found that, in this case, the
intensity of enission (Mcps) fromN2 (2"d p.s.),
whi ch was 2.0 _Mcps when no oxygen gas was m xed,
keps iryidesy @a%)eeafeaﬁd@fwltw% PENEED GRS A e wgaxxmwaoﬁdsht@n)raf@fb‘ 0 sccm in the

|
case SR 4 e a0 Pafichenedih S0g1 i iR <Gt ven dhe SxJen s

add1t1oﬁ?ﬁ%a§ﬁ@r£§ not changed therefrom even when the
gen gas addition rate was increased fromO0.5 sccm

Wﬂl§ thefeBy THUCAHAD d4eh WE thR BRANY Bf EMRSIBATRNS mv(@“d'pns ) and the
the figure was reached. On thé other hand, it

intensifycofnehitshat fratriBSty was mﬁk}ﬁa&dﬁﬂ ofalse e eCaddkion cﬁﬂkﬁﬁylgﬁh Yas after
when no oxygen gas was m xed, and the intensity of

- the Cor@ﬁi)@élilmpf? nefdradditlﬂmrﬂ,te waperesadwdd after a start of
RN e o e A
" additio dog"' J}ﬂggéh %Bs ﬁ%ﬂ?ﬂ%g%?gﬁ%&%hge%f Q?dnﬁ%%gfohh&g %}%&]ﬁlOﬂ? a Si

substrafé'}ﬁﬁﬂlﬁ% tEl’hj%EE‘aﬁﬁé f ¥5ab0andY Biridnge rﬁn{ehﬁ‘ 19%gen gas
addition rate was increased. It was thereby found that

Eiguie 3 istahitagramehewing the rebnioadiip betiveomtisZateBfddgition pf oxygen
and the intensity of em ssion fromNOy was
gas and ﬁ@é dinhgencsgy with resped tofilms dirmed bysthaesipg éhe 1gtesof addition of

? t he correspondl ng predeterm ned addition rate
Oxyger\/%g 9(‘158%63%%? A structural evaluation (XPS) was then

m Bfind ih{'H tﬁﬁrcqgéjthpﬁlﬁﬁﬁ&hg%n{:ﬁg? o&‘%eefo%ﬁl ?gg v%a!s RBnstant

oxygen gas to nitroge settin

at 102. 0 GWYWI&@ thOfuk bf QlAIRionPofJxy @Uéb%tvﬁi?,tvﬁt}ﬁh i Iﬁhgbgfrom 0 to 1.5 sccm,
tenperature of 350C and a nitriding time of 10 mn.

started Fnig@nsmg%harsﬂ?a rdicaafr aiditoh oMl axygerh exeetlet iléns:hmp and the binding

enerey BHAH UBHGE Gy i HH LG UL £ HebTre ilga tyate of additon of

t rate of addition of oxygen gas to
Oxygené}?rogggsgsg‘gm It was found that in this case the Si2p

ﬁ’h@ %.iﬁg oPNke SiQpOIBmHlIﬁ? elil@xfrg?&%uf b BxMRFed ONBleaBbp Bhding energy
102. 0 eV when the rafe addi ti on of oxygen gas was

102.0 oM asisomatbch evithathe eaté bbadditidroofloxyger gag 0 tel Arsce corresponds to the
i ncreasi ng when the rate of addition of oxygen

blndm%gp@@fdg dhenigideddm Sléﬁ_‘d% h@mﬁ ‘thf:cﬁlag bindingrepprayt 4R2t(elV associated
it TPt B Sl 25 B Be e b e 2
bmdmgséil%ny corresponds to the binding energy of the oxynitride film SizNj>043.

From these, it was found that when the proportion of oxygen in the oxynitride film
g becomes higher (inéreases), the tendency of NO-y emission to increase and saturate and the
change of the proportion of oxygen (the rate of addition of oxygen gas) to increase and
saturate coincide with each other, and that an effect equivalent to controlling the rate of
addition of oxygen gas mixed in nitrogen gas in forming a nitride film and an oxynitride film
can therefore be obtained by performing nitriding on the basis of the intensity of emission

from NO-y under the plasma condition under which emission from NO-y is observed.
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The value of the Si2p binding energy will be exam ned.
The Si 2p binding energy 102.0 eV associated with the
rate of addition of oxygen gas 0 to 1.5 sccm
corresponds to the binding energy of the nitride film
Si 3N3.500. 7, and the Si2p binding energy 102.0 eV
associated wth the rate of addition of oxygen gas
5.5 sccm after the beginning of saturation of the Si2p

BF hﬁ’éﬁf?f@ SikR Yy C%Ss rWl“é’ﬁf‘p’é‘ﬁégeft gasthas ap eREsmy dove P@‘}ﬁelﬁfOf an oxide

he xynltrlde Si 3N . 20 rgmthese
o an PRGNS Pt BRHPTRANSE dpr SREHOSOoB R B gt om an oxide
contan%)ﬂy id 4,48 dﬁﬁ}\%ﬁﬁ @%Qﬁg&%n h.}llt)egagé'troﬁlay Qﬁeel%ﬁaeét) addﬁtfb‘f‘l of oxx%en can

tendency of m ssion to Incredse and saturat

be corie c«ﬁﬁ%ﬂ@:ﬁox@fhe%ﬂﬁs B 18P HtdrlsR 0PEmRXWAHIN NORy.r at e of
addi tion of oxygen gas) to inhcrease and saturate
daicoclirgetowhd mtriele dmadbmeationancthodhatd the orfrfiekle formation method of
equivalent to controlling the rate of _addition of

the pr%w doisntas the niedingpraass @@ebf- raelyi qenirelled. n g herafre, fog example,
o sl PSR AT ELde 1L g Lherenore be o8t 9. e,
compr@fng%rﬂiaﬁ. Eectrfc[c%%tm s Hi%glé}gﬁal% Ser Ve%ﬂ%hc%é fHoped with an

em ssi on rom
extrem@l?%iﬂl%unﬁ&ﬁﬂtrb%brﬁ\lc aFQitbRh ld3tdal FIRNp@amit IREntdh is used in
extrenely | ow content of an oxide as an inpurity, or
film fogmireps of W@y er Hi@s, eniirsgea isemdtdiredcions ifittey thao i, anfimatdoped with
fr.om an oxide contained |n the solid dielectric
nitrogeyig Jorged. oNittogen & dea peained mpfilm ina gaseaukare pdhingxide film is
n_can orrect.ly controll ed
formed SR p B Eh £f BesFOHER i PP b e B h e P tepeated.
In the ﬂirﬁfek @gsefl b |s{ﬁ’fe§c‘3r dno fRtARdsaRed Q@thorﬁﬂ‘géénr ! ‘ﬂx?the latter case,
formati on netho e present I nvention,
even amirtner forfign pf the&fh& is dﬂpdﬁewﬁﬁ hitegen, CKHi E okbse d:an be performed as a
Therefore, for exanple, as shown in the left block in
CVD fibinforming prastssr red t o above, an oxide (e.g., Zr02,
Hf 02) conprising a high- d|electric-constant
insulating material for MOS transistors is doped with

¢ ly smal |l amount of nitrogen N. If nitrogen
Inmmnﬁﬂﬁgﬁg&&ﬁﬂ?he present invention is used in film

f[’ﬁé BtddentQhvehtibR caf bé‘f)lg?co Wilé LR0RiIrRleFOR AdNBGnitAdéfilm. For

film that is, a filmdoped with nitrogen is formed.
examplgj ‘ﬂlemmtllsveatlsmls@pp]ﬂ@i tnaemicondudier smrface contrabesingwtrededilm or

thin oxide filmis _fornmed and the process of
. Oxynltrﬁbrﬁlafr MNRY tandsem Ysingausegengloping; Aaridasemteendgetorshight emitting

e he farner case, a surface

ctemenfs, bB T ERS R Dt gRBORT L e ogen | ot he

| atter case, even an inner portion of the filmis

doped with nitrogen. This process can be perfornmed as

a CVD filmformng process. Industrial Applicability
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The present invention can be put to w de use as

nitride filmand oxynitride film For exanple, the

present invention is applied to sem conductor surface

control using nitride filmor oxynitride film MOS

transi stors using nitrogen doping, nitride

sem conductors, light emtting elenents, optica

dei ces, and conmmuni cation devices. 44 CLAIMS 1. A

net hod for forning an o¥iM¥de film characterized

y_C .Sl n rovidin solid dielectric.on at ... .
1 RmERRPik RO ORu s Rt Gl it yding a solid
dielect@P BH%‘?@eaEtoon%a&*b&)‘ﬁBgE‘?lr surf4BEess Qgﬁirr ¥ e?etcg&?é%ih poSed to each other

pressure, introducing a nitrogen gas containing oxygen
under @arlRArAbEGIc fEsshied iRFodhéiag ahikeu¥n A cesthiRing! &y8En or an oxide
| ower than 0.2%into a space between the pair o
at highenghas b dpm eheé equab tbesr, lowppthyn 0G%aintel gece betwicer b gair dffopposed
nitrogen gas, and bringing the resulting plasm into i
clectrogesnanpbingint ¢legiric Hpidde the wirpgenges cad heiaging theresliing plasma into

oxynitride filmon a ,supface of th bj ect t be .
contactly an QhiEeT tobe RofETRA P fooh FgPmioe i op pqurtpe of the object to
bepnx%g@§@cterized by conprising providing a solid
: Ielectric on at | east one of opposed surfaces of a
pair of el ectrodes opposed to each other under nearly
at nospheric pressure, introducing a nitrogen gas
2. Aomtthodifergfoomirgem niridamilox chactaized diyatomprising powiding a solid
i than 1 ppminto a space between the pair_ of opposed
dielectryq g af Ef:@@st)’neagpqpypw suxtaces @fca ppig of ielecHodes qnpesed to each other
iLtrogen gas, and bringing the resulting plasm into .
under kgl BRFSLGRER orfiSthgy inubpluciil p iR el e Ryess of an oxide
t equalto drl 1%erl thidN PPmAnRY §REE pAebhePAlrtlophSselRlectrodes, applyi
* E:qualpr ocressgd. 3. i5?.'1F11enmst %%d Por e£fior r?l%ﬁgf anp%xfni terci 8ees’ appLying
~ an electrid fieldaoc alidhinggém gad, ahthblingtaha eésaltinggsladnia iM@lconthétewith an
.. nearly atnospheric pressure is equal to or higher than
object tg(he prasessed 1 fomth@ niwida didmfopra sugfeer efghaolipetitd de pfackssed.
according to claim2, characterized in that the
- nearly atnospheric pressure is equal to or higher than
. . ] ity Fj
. HRmbh fortormd B AGORGIL B BBl B BRAT. b fertdetTh
the neaflf A MpRTFPSRBAE iLepPOTHhEHebthan BIGTSHS € at which an
hg (H.F.R) and/ or Rgh(Z"d g%s.) active species
appears dom nantly as active nitrogen species observed

b%?optical em ssi on, spectroscopy. 6. The nethod for
4. Thy methgddor foxming # nddds filmagesdingitg glaim 2 ehagaierizyd in that the

| aj 1.3 d 5 h i zed | h h
nearly SpRslRre PR R e PO RRRBIAR oD coture | n whi ch

t he

5. The method for forming an oxynitride film according to claim 1, characterized in that
the nearly atmospheric pressure is a pressure at which an N, (FLLR) and/or N> (2™ p.s.) active
species appears dominantly as active nitrogen species observed by optical emission

spectroscopy.

6. The method for forming an oxynitride film according to any one of claims 1, 3, and 3,

characterized in that the gas atmosphere under nearly atmospheric pressure in which the
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45 plasma is obtained is a gas atnosphere in which
em ssion of light derived fromNOvy is observed by
optical em ssion spectroscopy. 7. The nethod for
formng a nitride filmaccording to claim 2,
characterized in that the nearly atnospheric pressure
is a pressure at which an N2 (H 1.R) and/or N2 (2"d
p.S.) .active species appears dom nantly as active ]
plasmanjs; ohiiae pe epe SUBGPBeIGdl Whiclh smissian efﬁ/lghﬁ ggyived from NO-y is
troscopy.. 8. The nethod for form ng an oxynitride
Obsew??ﬁﬁ?pélccglgﬁ%%&n ?poechsa?PRX'l, characterized in that an
: N2 (2"d p.s.) and/or N2 (H.1.R) active species is
dom nant in the plasma as active nitrogen species
7. - Qhsededed By feRlihe alnigidk FHhRcSARGHH AILARPY, chractbied in that the
nmet hod for formng a nitride filmaccording to claim
nearly 2tmashbermcpressiimeid a pressuat atawhibl an (' ¢H.RR) and/oahd/(PF (iN2) active
. (H1.R active species is dom nant in the plasm as o
Speciesy @pPeEs SlopHgdly aperdtivg nigpgssr wheriesy obprrvedl bye wptied! opmission
o ecms‘?ectroscopy. 10. The nmethod for form ng an oxynitride
PECHOPYPHy accor di ng to any one of clainms 1, 3, 5, 6, and
8, characterized in that only neutral active species
IS present in the plasma as active nitrogen species
8.  Qhseafetrd by foRpinCal oBMitEidt Glin ABEHEMQI6 @RYm 11 thard@i€rized in that
method for formng a nitride filmaccording to any one
an N, (@Fd . hbmgordN; E1LR) aginet Peciecisaloadhartiin dek plasrhdrad awivk yitrogen
. heutral actjve species is present in the plasm as
Spemesé’gﬁ‘?wv i entisglesmisspm BeeBossPR.r ved by optical emission
spectroscopy. 12. The nmethod for form ng an oxynitride
filmaccording to any one of clains 1, 3, 5, 6, 8,

9. TR mifiog e i%ﬁhﬁfgLaZﬁQide'}ilﬁm%Eorﬁfﬁ% 69 o) icﬁar%ét&ii%ﬁgn that an N,

into contact with the object to be procésse
- (2™ p.si dnflios N IGHITER)i aetive biicaled és ddainahitse ke plesnspacatve hiteesn species
t he opposed el ectrodes. 46 13. The nethod for form ng
observed by anticelentission speetvesdpPiy to any one of clains 2, 4, 7,
9, and 11, <characterized in that the plasma is
brought into contact with the object to be processed

i iyf i OF Lan: ' . di.schar ce

0 Bl st gAML AL ASUEIE 008 12,50,

and 8, fcBirttBGze8NnOpYN bl Kbtk hdivBGpediel NOpiefer@NY AP PlRfa as active
claims 1, 3, 5, 6, 8, 10, and 12, characterized in

nitrogen kecies lobsesweldi by afitishlentissian spscteoscoml. ect ri ¢ cont ai ni ng
substantially no oxide.

I1.  The method for forming a nitride film according to any one of claims 2, 4, 7, and 9,

characterized in that only neutral active species is present in the plasma as active nitrogen

species observed by optical emission spectroscopy.
12, The method for forming an oxynitride film according to any one of claims 1, 3, 5, 6, 8,

and 10 characterized in that the plasma is brought into contact with the object to be processed

in a diffusion region outside the discharge space between the opposed electrodes.

46




15. The nethod for forming a nitride filmaccording to

any one of clainms 2, 4, 7, 9, 11, and 183,

characterized in that the solid dielectric is a

dielectric containing substantially no oxide. 16. The

met hod for form ng an oxynitride filmaccording to any

one of clainms 1, 3, 5, 6, 8, 10, 12, and 14,

characterized in that the object to be processed has a
13, diip mgthodi ferdsemime a wirgle flmeecyding g ey ongef daipises ér 49 gnd 11,
charact%ﬁ%% nggt@gt:, @p% spéagll?g-;)l?%h 1113‘,(}j gd tg‘f'(% Ir.?gifdg{hrg q)?@f:? t(g 'bt!: rflxio%gssed ina

T : , ' Lot ' to be

diffusichPregi AU 0 BROBAph A Bbpb i BRREs. . e

nore preferably 100C or higher. 18. The nethod for

formng a nitride filmor an oxynitride film according
14. e amyhanfer fifrming e oxyni2rideMiln? accdrdidd to &¥,ontwfahind 7,3, 5, 6, 8,
_ characterized in that the nitrogen gas is a ) _
10, anchi Frehaigetetiged inj thatghe polighdiclestic ds A idrée(‘érw geHaiping ghbstantially no
oxide at preferably 1 ppb or less. 19. An oxynitride
"filmformed on a surface of an object to be processed
by applying an electric field to a nitrogen gas
cont ai ni ng oxygen or an oxide at higher than 1 ppm and
15, THealetiod foPforhMRS nifrlIBHiIM- 22%rdRado BRY B HcI&RR 208) BSX 11, and

to be processed into contact with the resulting
13, chapdcésimad imMthaiabe sodiddi¢ledtde isfd dinteftoic wantammgpsubstadtiatle nofoxide.

an object to be processed by applying an electric

field to a nitrogen gas containing oxygen or an oxide

| N h f L
16, e SRy Pl bt o bt i e ety beb 568
10, 12,:)291dbﬁ1, RhRs&SSAH ig ha tﬁ@glﬁ@&tto B rBcdsBa Ha%sduétﬁfag% temperature of

lasma. 21. A substrate having on its surface
- 50°C opMighér, ogkeprefekably bo0vedribyghapp! yi ng an el ectric field
to a nitrogen gas contai ning oxygen or an oxi de at
hi gher than | ppm and equal to or lower than 0.2%

G R A SRS S LA . 1.1
o 15, BB Bl 0 A LI s SRR e o s o

higher, %653t Bidlitrably QWYEEH: 19phéan oxi de at equal to or |ower
than"1 ppm nore preferably equal to or Iower than 1
ppb, and bringing an object to be processed into
contact wth the resulting plasma., 23. An apparatus
18.  The methad; fey forming pindeide ifilm Qran exyngxige film; ageortlingnfp any one of

claims &' 77 s "G 4 e SO RhteReil Btbon B R o o ighgpority

nitrogef 48 \Entaining oxygen or an oxide at preferably 1 ppb or less.

oxide

19.  An oxynitride film formed on a surface of an object to be processed by applying an
electric field to a nitrogen gas containing oxygen or an oxide at higher than 1 ppm and equal to
or lower than 0.2%, and bringing the object to be processed into contact with the resulting

plasma.
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provi ded on at | east one of opposed surfaces; a
mechani sm for introducing a nitrogen gas containing
oxygen or an oxide at equal to or lower than 0.2% into
a space between the pair of opposed el ectrodes; a
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-23. An apparatus for forming a nitride film and an oxynitride film, characterized by

comprising a pair of opposed electrodes with a solid dielectric containing no oxide being
provided on at least one of opposed surfaces; a mechanism for introducing a nitrogen gas
containing oxygen or an oxide at equal to or lower than 0.2% into a space between the pair of
opposed electrodes; a mechanism for applying an electric field to the space between the
electrodes; and a mechanism for bringing plasma obtained by the electric field into contact

with an object to be processed.

24.  The apparatus for forming a nitride film and an oxynitride film according to claim 23,
characterized in that the mechanism for bringing the plasma into contact with the object to be
- processed is a direct-type mechanism which directly brings the plasma generated in the

discharge space between the opposed electrodes into contact with the object to be processed.

25.  The apparatus for forming a nitride film and an oxynitride film according to claim 23,

characterized in that the mechanism for bringing the plasma into contact with the object to be
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processed is a remote-type mechanism which brings the plasma generated in the discharge
space between the opposed electrodes into contact with the object to be processed in a

diffusion region outside the discharge space between the opposed electrodes.

26.  The apparatus for forming a nitride film according to claim 25, characterized in that the
remote-type mechanism which brings the plasma into contact with the object to be processed
in the diffusion region has a blowing nozzle formed on the solid dielectric to guide the plasma
generated in the space between the opposed electrodes toward the object to be processed

placed outside the discharge space between the opposed electrodes.
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