;e3e LX26T ] DESCRI Rl QN Form ng Met hod and Form ng System of

I nsulation Film Technical Field 5 The present invention relates to a highly
reliable formng nme m ng systemfor insulation film Background
Art Wth the high-i Emm‘n nd high-mniaturization of sem conductor
integrated circuits, the _mniaturization of Metal |nsulator Sem conductor
Field Effect Transistors 10 (M SFET) on the sem conductor integrated
circuits is advancing. Wth the mniaturization, the thickness of a gate
insulator is demanded to be extrenmBBSGRIPAIONei ng about a coupl e
nanoneters. Cenerally, silicon oxide (Sio2) film which is forned by

t hermal oxidation of a EirhmimgpMethodshd FoemingSyatepl ofddsudation Kjhhe | nsul at or.
Ho fiadlihg a silicon oxide filmto 15 a coupl e nanoneters, has
pr\gﬁmmm“nﬁmmm an increase of the gate |eakage current (tunnel current),
and pengls,ahi on of inpurities fromthe gate el ectrode of the M SFET. To
control the increase and so forth Qecldieal Figbel current, a stacking gate

i nsul ator which has a structure of stacking a higher permttivity film

(hi gh-perntsttivirhy pgrédefid iiehtom rélaten-t6i d ihgghdy aulidbie ffoiming ahethod iahd Cforming
nitride film or a silicon oxide-nitride film, is being 20 devel oped. By

appl yi ng thesygteapﬁ@kngugﬁbgﬁihﬁsul ator, physical thickness is secured to a
certain extent, and Equi val ent Oxi de Thickness (EOT) is kept |low. Here) the

EOT is a converted val ue of the thi ggagasuf Afthe filmof the relative
permttivity and effective filmthickness t, to the thickness of the

rel ative permit i tiNe Migh-eesPitionC @i B idibhubiz 4RSS b Xedfidondater ifegiafddned
as, EOr= (ESioz/$).t. 25 A form ng nmethod of a stacking gate insulator

applyi ng a sditcuf®nth8i thinidd@ridakiom dof Wblal Thsilatérs SémizbaducRe! Fikldt EffedtyTrahdifbRas
been di sclosed in the Unexam ned Japanese Patent Application KOKAI

Publicatiqp (Ngx - 38490 seltl€oridustdl atREbraRl © clretifte ds PYd¥anBing. 2 Wit Othe

di sclosed in the aforenentioned publication, conprises a direct silicon

oxi de- ni tri dgirfidtliBdioh, MR tRikkalRs bf h Falinduldtht fs dfnahddd b BeQdxMehelythih, being
t hi ckness of one nanoneter or |ess, applying a plasma processing device

i ncluding a fadi 2kodpid\Gamenterfnt enna (RLSA), and a SIN film fornmed in
about 2 nanoneters on this oxide-nitride filmb5 by CVD. Wen an RLSA- type
pl asma processi G&n&%ﬁ},%lié&n 3Rk Bth,) FlAO Wikt @f(ﬂ'ﬁﬁh'ﬁ)y thermal oxidation of a
silicon substrate, is applied as a gate insulator. However, thinning a silicon oxide film to
15 a couple nanometers, has problems such as an increase of the gate leakage current (tunnel
current), and penetration of impurities from the gate electrode of the MISFET.
To control the increase and so forth of the tunnel current, a stacking gate insulator
which has a structure of stacking a higher permittivity film (high-permittivity film) onto
a thin-silicon oxide film (or a silicon nitride film, or a silicon oxide-nitride film), is being
20 developed. By applying the stacking gate insulator, physical thickness is secured to a
certain extent, and Equivalent Oxide Thickness (EOT) is kept low. Here, the EOT is a
converted value of the thickness of the film of the relative permittivity € and effective
film thickness t, to the thickness of the relative permittivity of the silicon oxide film
(esioq/e), and is defined as, EOT= (esio,/e)-t.
25 A forming method of a stacking gate insulator applying a silicon nitride film (SiN

film) as a high-permittivity film has been disclosed in the Unexamined Japanese Patent

Application KOKAI Publication No.2000-294550. The insulated gate formed by the



filmw th | ess dangling bond is forned, conpared to being forned by a CVD.
Al so, because the filmform ng processing, applying the RLSA pl asna
processing, is conducted in a relatively |low tenperature (250 - 450 ),
the danmage of the filmsurface is decreas@d 10 conpared to ot her plasna
processing. In this way, filnms fornmed by applying the RSLA-type plasm
processing is high in quality, therefore annealing in a high tenperature,
at about 1000 , is not necessary, and diffusion of dopant can be

prevent ed. Haethod t disclafedr anethei afiremettmnkd npulwaton, nsoainptises applireets silftoenSi N
filmas the high-permttivity film The relative permttivity of the SiN
filmis abouwxidnitrder fifror(er theoxide EGh af a trieidSi lnd)i formed innd yhiekmest of .dne
(=418) tines the effective filmthickness. Due to this, when the SINfilm
i s applied, mahemetet ®r deds] apyilying £ plasmia ocessing fdegice nintiudingi € IRaghay diwaSidgti | m
t hi ckness, and gaining a sufficiently thin EOT by answering to the demand
of m ni at ur i Zzmterma RIS )} dridsa Sidhhn,i fonngkiniaboutrtsndnaiietsts bn this oxide-mithide fibm
relative permttivity, for 20 exanple, alum num oxide (relative
permittiviswyCVD.), zirconiumoxide (24), and hafnium oxide (25) are
applied, an EOT about 0.17 (=4124) tinmes the effective filmthickness can
be gained. As aWderaRRISNagpe flysmapployessipgaievice v gpplicd, dnafe-High-qudlity vi t'y
film a requested gate insulator having the requested permttivity can be
gai ned. Howdufy with fesfBandding baad isfolh@l) compared td beihy fdridetblys CVDec iy, f or ned
onto the silicon oxide film the silicon oxide filmand the organic film
W1l cause aetfms thefilm Bymidp rocdskifg Hpplyig thB RIX0bRsiHk pdeesithd & @nducted
insulator will increase. 3 Genera%l y, the aforenentioned inorganic

hi gh- per m t tih Mirél¥tively 16w BinfhetA6ieT 250 508X ARPALnagdIof ARPIiN SEfRB iPd@dakéd
metal such as ethoxide netal as the precursor, by CvVvD. By this, the forned
hi gh- per mi§ tdotipadedftb biRek Pﬁtbﬂdﬂ PfocesshV IR i Way HInGFoRH by ¥iplyihpehecar bon
content is high, reliability declines, such as the occurrence of 5 the

| eakage cur rRSTA itjise RasmdstocesSink id Bigh@y quality, iRdréfore dnefife MidHiggul t to
generate a highly reliable gate insulator having a sufficient physical

thi ckness angmaerathtd, lafhtik 1300 Nighoecesddry, Gh@ IFRIA ofl ddPaht B4R Be RV erd 8.
obj ect of the present invention is to provide a form ng nethod and form ng
10 system f QierkNstd 24bRindntibfld | faodeC part Nhaibey: T4pliad! @l BN Bigh OFs fipkm
can be produced. To achieve the object,” the form ng nethod according to a
first aspeChiglplARuRiGSARl Y SR pEATAYHP 6P iheBiRi HikPRMbOH hdrtiof the

form ng process for fofmng a silicon oxide m on the surface region of a
silicon sybsiRbLEthe SiN film is only about 0.5 (=4/8) times the effective film thickness. Due to
this, when the SiN film is applied, there is a limit to securing a sufficiently thick physical
film thickness, and gaining a sufficiently thin EOT by answering to the demand of
miniaturization.
By this, when inorganic insulation films with higher relative permittivity, for
20 example, aluminum oxide (relative permittivity:11), zirconium oxide (24), and
hafnium oxide (25) are applied, an EOT about 0.17 (=4/24) times the effective film
thickness can be gained.
As aforementioned, by applying an inorganic high-permittivity film, a requested gate
insulator having the requested permittivity can be gained. However, if an
25 organic high-permittivity film is directly formed onto the silicon oxide film, the
silicon oxide film and the organic film will cause a reaction. By this, the EOT of the

whole stacking gate insulator will increase.



15.a silicon nitride filmformng process for formng a silicon nitride
filmon the surface region of the aforenentioned silicon oxide film and a
form ng process for formng a permttivity filmwith a higher permttivity
than the silicon oxide filmon the aforengnti oned silicon nitride film
wherein: 20 the aforenmentioned oxide filmform ng process conprises a
formng nethod for formng the silicon oxide filmon the surface regi on of
the aforenentioned silicon substrate by subjecting the surface of said

si | i con subst r aGendrally the aferementemek indrednic\high-perdiitivity dilms aredoemed, f r om a

pl ane antenna having plural slits, to an oxygen containing gas; and 25 the
af or enent i orferexaniple, by applying ar srgagc pretal 8sch asmtiwxidemenal dothapregurset,hod f or
formng the silicon nitride filmon the surface region of the

af or ement i ortgdC¥DI | B3rthizxihd €orfmddrhigly-pemddjtadtyifiig inbladesu feaogeradnt bhe
aforenentioned 4 silicon oxide filmto a plasnma, generated by irradiating
m crowave frearboa. pMWiea thotabodcdinsrit ighigh ieHabilityl deslindspsuh ks the steugaiveif ni Ng
gas. It is preferable that the aforenentioned oxide filmform ng process

i ncl udes a5 phekaksefcafreficiherending t he oxide filmalready existing on the

af orenentioned silicon 5 substrate, by subjecting the surface of the

af orement i oned Bithisaedy, Bithé&to, ¥twastdiff Rulhé geerate @ hofhay Rliable gate iaslilabi ng

m crowave, from a plane antenna having plural slits, to an oxygen

cont ai ni Ng gAFingla suffci@itPhsiodl teickhs atd e sigfieieffi® tih Bogd oxi de film fornm ng
process conprises a process for exposing the surface of the aforenentioned
silicon substrate, and a procesDisabsukl oPeGhvdntgnt he surface region of the
af orenenti oned silicon substrate, by subjecting the exposed surface of said
silicon substratge bbjed: 6f ARPres@eRVeati6n i9Yo ipkdvadt atfoRRingl BEMVA R fbRAng

pl ane antenna having plural slits, to an oxygen containing gas. It is

pref er abl gqtdabmiBLindhIaHcHRRA, iRRAFCH highRereliAbiau]sQlalibR GilRcas B8 prod@sdy. | ses a
process for nitriding the surface regi on’of the aforenentioned silicon
oxide film by 1§ shibiembiobect ke SRS MelodiddBorain® 8 Bflst ApeEt Stitht pRRent
oxide filmto a plasma, generated by irradiating mcrowave froma plane

ant enna havipgenbHc8pfkdst S, t0 a nitrogen containing gas. The

af orenent i oned perm'tgl vity filmis conprised of netal as the main

conponent, and may fyg§R&( oﬁegﬁim%ﬁngggggd&és%yfo&mg n% ?i&ﬁﬂ(&{i&@ fifhn BA BfESS,

for reform ng the 20 aforenentione ttivity fi y subjecting the
surface of the .éfé.gwntdfaféiﬁ({?ntsgbﬁr .asma, generated by irradiating
m crowave from a plane-antenna having plural slits, to an oxygen contai ni ng

gas 10 Bg atlor ement WABaH Ao i SAtag (A iBGRRR SINBnbbe AmOpAE.

filmis forned at a thickness nm m and 1n the nitri

process, the ni tgifle. fpldR diSh@RobhdRnd sificdrl¥:GEIEAR. Ak O- Snm-6nm

a forming process for forming a permittivity film with a higher permittivity

than the silicon oxide film on the aforementioned silicon nitride film,
wherein:

20 the aforementioned oxide film forming process comprises a forming
method for forming the silicon oxide film on the surface region of the
aforementioned silicon substrate by subjecting the surface of said silicon substrate
to a plasma, generated by irradiating microwave from a plane antenna having plural
slits, to an oxygen containing gas; and

25 the aforementioned nitride film forming process comprises a forming
method for forming the silicon nitride film on the surface region of the

aforementioned silicon oxide film by subjecting the surface of the aforementioned



It -is preferable that the aforenenti oned gas conprises argon. The

af orenentioned insulation filmconprises a gate insulator of a M SFET. 5
To achieve the aforenentioned object, a formng systemof an insulation
filmaccording to the second aspect of thd present invention conprises: an
oxide filmformng unit for formng a silicon oxide filmon the surface
region of a silicon substrate; 5 a nitride filmformng unit for formng a
silicon nitride filmon the surface region of the silicon oxide film and a
permttivity filsikdomraxidegfiluniota flasmd, gemdratgd dy readiatintg mictowdvielfronoh ptanki gher
relative permttivity, than the silicon oxide film on the aforenmentioned
silicon nitride dnitdnam hitinglphiraistits, th&nitided@ntdining gas.m ng unit forns a
silicon oxide filmon the surface region of the silicon substrate, by
exposi ng t he sultisgrefepdblé that i laforemestidnet baide film farming poacesgiaciaded €d by

i rradiating m crowave froma plane antenna having plural slits, to an
oxygen cont giradesgfog asforming tHboRibefiln tlreally ekistify botind afgredrentiodedrsiticoa sil i con
nitride filmon the surface region of the silicon oxide film by exposing
the surfacs sabstiadbg byishbjectingtthé sw@fdce loftietafGreplentioied sii0f sabstidtedy aiplasadh, at i ng
m crowave from a plane antenna having plural slits, to a nitrogen

cont ai ni Ng GRfieratell bySrradiefigy Mdréwhved frohheplané slterrial Havingpirabslie)itd a ef or ms
the oxide film already 20 existing on the silicon substrate, by exposing

t he surface Riygéhéntdihing@hs.substrate to a plasma, generated by irradiating
m crowave froma plane antenna having plural slits, to an oxygen contai ni ng

gas. It is pref @rigpteferhbidthdt iR FstetfRnlioned Ixdefilndfommidg HYERE eSmpgsaur f ace
of the silicon substrate, and the oxide filmform ng unit oxides the

surface regigécedd forRRpdsing e Burfie i s dfofeteRtioRdRPRdon Gubdiite; uhd aprrcess fohe
silicon substrate to a plasma, generated by irradiating mcrowave froma
pl ane ant epnRidiZn; Atk tfdEStegionl dfthe aforementioned silicon substrate, by subjecting the
exposed surface of said silicon substrate to a plasma, generated by irradiating microwave
from a plane antenna having plural slits, to an oxygen containing gas.
It is preferable that the aforementioned nitride film forming process comprises a
process for nitriding the surface region of the aforementioned silicon oxide film, by
15 subjecting the surface of the aforementioned silicon oxide film to a plasma, generated by
irradiating microwave from a plane antenna having plural slits, to a nitrogen containing
gas.
The aforementioned permittivity film is comprised of metal as the main component,
and may further comprise a permittivity film reforming process, for reforming the
20 aforementioned permittivity film by subjecting the surface of the permittivity film to a
plasma, generated by irradiating microwave from a plane antenna having plural slits, to an
oxygen containing gas.
In the aforementioned oxide film forming process, the silicon oxide film is formed
at a thickness of 1Inm~20nm, and in the nitride film forming process, the nitride film is
25 formed at a thickness of 0.5Snm~6nm.

It is preferable that the aforementioned gas comprises argon.

The aforementioned insulation film comprises a gate insulator of a MISFET.



It.is preferable that the nitride filmformng unit nitrides the surface
regi on of the 6 silicon oxide filmby exposing the surface of the silicon
oxide filmto a plasma, generated by irradiating mcrowave froma pl ane
"antenna having plural slits to nitride cofitaining gas. The permittivity
filmis conprised of netal as the main conponent, and may 5 further
conprise a permttivity filmreformng unit for reformng the permttivity
film by exposing the surface of the permttivity filmto a pl asnmma,

gener at ed by i rTasthidviente fforementiveed shjentaa forming systearofantiasulatpndilur al

slits. The oxide filmformng unit fornms the silicon oxide filmof a

t hi ckness o#ccbrding ® the seoond aspethsf the presétr ifventivn osmprigsuni t forns the
nitride filmof a thickness of O5nmto 10 6nm It is preferable that the

af orement i oned mhaskideofili fostsnguir@Ofor fokhingd eiliesreokide fid onnbeisuitace fegidd o a
conprises a gate insulator of a MSFET. Brief Description of Draw ngs 15
These obj ectificemshbefrstey obj ects and advantages of the present invention
wi || becone nore apparent upon reading of the follow ng detail ed

descripti gn and piiieiaOfopamsi und foF fosnigsa silicodmitide fiihfenlthes a di agram

showi ng the structure of a gate insulator, according to the enbodi nent of

t he present girfi¢e ddiGof e sHficén 8xidé fimdaralgr am showi ng the structure of a
form ng system of the gate insulator, according to the enbodi nent of the

present inventi ofpedniftivitylfAm¥ofthMguAM{SNRnGE 4 ivitg Fiheraf an etching
uni t, according tg t he v:(gtr}r’bodi ment of the prgfsgen invetrf?i on;, FIG4 is a

di agr am shopfRer dhive Péﬂﬂﬁ&ﬂf’i@, Bhn 812 sPidof AxidRTilRT, Of FRSADRieRtibneddiE@ndi Ng 25
to the enbodinent of the preSent invention; FIG5 is a top view of a RLSA,

accordi ng tgiilergbodi nent of the present invention; and

10 wherein:
the oxide film forming unit forms a silicon oxide film on the surface region
of the silicon substrate, by exposing the surface of the silicon substrate to a plasma,
generated by irradiating microwave from a plane antenna having plural slits, to an oxygen
containing gas; and
15 the nitride film forming unit forms a silicon nitride film on the surface
region of the silicon oxide film, by exposing the surface of the silicon oxide film to a
plasma, generated by irradiating microwave from a plane antenna having plural slits, to a
nitrogen containing gas.
It is preferable that the oxide film forming unit reforms the oxide film, already
20 existing on the silicon substrate, by exposing the surface of the silicon substrate to a
plasma, generated by irradiating microwave from a plane antenna having plural slits, to an
oXxygen containing gas.
It is preferable that the oxide film forming unit exposes the surface of the silicon
substrate, and the oxide film forming unit oxides the surface region of the silicon
25 substrate by exposing the surface of the silicon substrate to a plasma, generated by
irradiating microwave from a plane antenna having plural slits.

It is preferable that the nitride film forming unit nitrides the surface region of the



7-FIG 6 is a diagram showi ng the structure of a CVvD unit, according to the
enbodi nent of the present invention. Best Mdde for Carrying Qut the
_Invention 5 The form ng nmethod of the insulation filmaccording to the
enbodi nent of the present invention will ébe described referring to the
drawi ngs. The insulation film fornmed according to the enbodi nent of the
present invention, conprises a gate insulator of a Metal Insul ator

Sem conductor Field Effect Transistor (M SFET) shown in FIG 1. 10 As shown
in FIG 1, MilgeRbxid(iloopeiposing the frfagpef die ailicon egide filh(a aphdnmpgenemtedgi on
103 in the surface region of an N-type silicon substrate 101, a gate

i nsul at or Hirhdrativgl microtvhee fromfaglena @a¢nma haeing phehl sliégioartride fconthmirgy | i con
substrate 10l, which is placed between the P-type drain region 102 and
source regigas. 103, and a gate el ectrode 105 forned on the gate insul ator
104. Drain region 102 and source region 103, are 15 respectively connected
to a drain el ecTheskemaidits filth ¢ecomhprised ofl tetal anthe ingdin gompddehERAd bi¥y. Si | i con
substrate 101, drain region 102 and source region 103, respectively may be
opposi t e §dutthetdoviprite b pp@sittivity filiereforigOinicfob séfonhing Rl perplittio iy fibaf byeen
the drain region 102 and source region 103, the gate electrode 105 is

provi ded viexpb§iRg Brtsarfastsofl thé pémﬁﬂigaitﬁ'fﬂﬁ t6 alpasalaC gériepiied BPirtddiating conpri sed
of polycrystalline silicon (p-Si). The gate el ectrode 105 conprises the

M SFET 100,mﬁftdwaMa¢fbn§h?1aﬂataﬂtehﬁqugplmhﬁtage is applied to the gate
el ectrode 105, a channel (ch) is fornmed on the surface of the silicon

substrate 101 umgesxiddBing fdrtnihdenit Airek tHdblicoarskideBInS o4 ckaBét dfhandoai n
are connected. The gate insulator 104 is conprised of a silicon oxide film

(Si 02 fil mMoohEf and thididitride FildFothing ER forimsthé Rithtd filnht 4 thickn@SCbfD.5nm to
hi gh-permttivity film108. The silicon oxide film2106 is forned on the

surface g@dman (channel ch) of the silicon substrate 101. The silicon oxide
film106 is forned by the oxidation processing of the 8 surface region of

the silicon subgt a&%&ﬁéma\e/ﬁ@rﬁbﬂeu@nﬂé@aggas BSRpASSaRghndevi ce having a
Radi al Line Slot Antenna (RLSA) is applied. The silicon oxide film 106 is,

$ or exanple, fofEdfordnéhtiobd MRERA0PFiIR cOmPHIdsQ (%{’e SulathP6f SMISFRT, Ni tride
ilm107 is stacked on the silicon oxide film106. The silicon
Brief Description of Drawings
15 These objects and other objects and advantages of the present invention will become
more apparent upon reading of the following detailed description and the accompanying
drawings in which:
FIG.1 is a diagram showing the structure of a gate insulator, according to the
embodiment of the present invention;
20 FIG.2 is a diagram showing the structure of a forming system of the gate insulator,
according to the embodiment of the present invention;
FIG.3 is a diagram showing the structure of an etching unit, according to the
embodiment of the present invention;
FIG.4 is a diagram showing the structure of an oxidation processing unit, according
25 to the embodiment of the present invention;
FIG.5 is a top view of a RLSA, according to the embodiment of the present

invention; and



S5 nitride film2107 is fornmed by the nitriding processing of the silicon
oxide film 106 applying the RLSA type plasma processing device. The silicon
nitride film107 is, for exanple, formed in a thickness of 0.5 nmto 6 nm
The high-permttivity film108 is placed Between the silicon nitride film
107 and the gate el ectrode 105. The high-permttivity film 108 is conprised
of inorganic (netal) 10 materials, such as A1203) HHSIO 2, Ta 2 O5, ZrSiO
2, HO 2, and Zr0 2. The high-permttivity film108 is forned, for exanple
in a thickness &GP inmdiagranshowipng utuCheerptaCViIRipait, abegydingtto the) . Her e,
the high-permttivity filmstands for a filmhaving a higher dielectric
const ant than t leatbodimant ef thelpresent ioxéndionf i | m (about 4). Next, the form ng
nmet hod of the above-nentioned gate insulator 104 will be 15 descri bed
referring to the drawings. FIG 2 shows the conposition of a form ng system
10 of a gate insulator according to the enbodi nrent of the present

i nvention. As shown in HB&st Modeler Carying Qus hetleventionof t he gate i nsul at or
conprises a cassette station 11, and a processing station 12. The cassette
station 115 i nclTigeforminpnaretodeofintheninsulgtidmiilm dctordingl o thid embodinenewéinhe 20
room 14. On the cassette nounting table 13, a cassette C wherein a

predet er m netesentiinentiof wikhbe desceibed lxferping wnhediadweigigs.i s pl aced. Wile a
cassette C, accommopdati ng un-processed wafers, is nounted in the cassette
mount i ng tabl e The, insulatikss filnh fofined acvordingl ab khiegerpbalimemest the fpegsent invention,
transferred out fromthe nmounting table 13. A first conveyance system 15)
havi ng an aesmptisespd gatednsulatbhef fal Matal dnsniyr8eticondittotSFid Effee Tiahsibtor
conveyance system 15 transfers in the accommbdated wafer in a cassette Cto
the side of (MISFEI)ahewaiim@IGiation 12, while it transfers out the processed
wafer fromthe side of the processing station 12, and accommobdates it to a

cassette @ Thead sHowvn @rFICf.1, MISEETE 100 toinpiSdy 8 Piype df0 iegidn 1162 kRPsoitean
by the down flow of clean air. The processing station 12 conprises a second

conveyance képdi 168 inftheGagtatedfgionnift anlaypfilcdn’ bubsite €08 Nh RateUbilatdB 104N
oxi dation processing unit 19, a nitriding processing unit 20, a CVD unit

21, an annegrnfed orfthd sutface dPRorP(chRiHe rdgitn) of the sHidoR Glibstratd 1015 whithi§ plaRed t O
the circunference of the al nost octagonal -shaped second conveyance room 16

through a gabeve¥r!iNe PA¢pe WRHHR r¥gion 162 RhAGBEREN8givh 030 and 2 leécfSde 205
clustered-type system "The second conveyance room 16 i ncludes an exhaust

system etcCforfRRd 6RMNhélCH@MhRNIor £04h Wahih AgidnN10MHRI2Zur@eirffion SW3ateLl by
the gate valve 24, conprises an exhaust system and an i ndependent

at mospher g5 Eés?é@tiv@ﬁy dAnBQEAP 0l a GPAN RURRE 8 AP Pkl BRYRR, E&hﬁﬁﬁné 3 MISFET
interior. In the cénter of the second conveyance room a second conveyance

FYSAETLES | 0P o e SERATIOE SR RGO e i
opposite conductivity types.
On the silicon substrate 101, placed between the drain region 102 and source region
103, the gate electrode 105 is provided via the gate insulator 104. The gate electrode
20 105 is comprised of polycrystalline silicon (p-Si). The gate electrode 105 comprises the
MISFET 100, and when the gate threshold voltage is applied to the gate electrode 105, a
channel (ch) is formed on the surface of the silicon substrate 101 under the gate insulator
104, and the source and the drain are connected.
The gate insulator 104 is comprised of a silicon oxide film (SiO, film) 106, a silicon
25 nitride film (SiN film) 107, and a high-permittivity film 108.

The silicon oxide film 106 is formed on the surface region (channel ch) of the silicon

substrate 101. The silicon oxide film 106 is formed by the oxidation processing of the



The | oad |l ock unit 17a) and 17 b are connected to the first conveyance room
14 in 15 the cassette station 11. The load | ock unit 17a, functions as a
wafer transferring-in port to the processing station 12, and the | oad | ock
unit 17b, functions as a wafer transferrigig-out port. The first conveyance
system 15 transfers the wafer, accommbdated in the cassette C of the
cassette nounting table 13, into the load |ock unit 17a. The first
conveyance system 15 al so transfers out the processed wafer fromthe 20

| oad | ock usirfacd Fégiomofithe cdomonsdbstente i 01,iwherein agilasndpro¢éssingtdevice havimigta 18
elimnates the native oxide film(silicon oxide film, which is fornmed on
t he surf aceRadial liae 84t Antdnne (RLBAf iscapplied.e r ThY siliddn@xide Sina 16es] fop eRimplesw
showi ng a structure of the etching unit 18. As shown in FIG 3, the etching
unit 18 confoimeé i athidkasisaf RSnmaod4anpl asma 25 form ng tube 27. The
chanber 26 is conprised of alumnum etc. and is fornmed in an al nost
cylindrical shape.silicontoigide rfiler 1 @7 isoftadkbé onhtherbiticor @xide filai M0E. NdTHeadilicon? 8
for placing 10 wafer Wis provided. The nmounting table 28 is supported,
for exanplsepitdide il UEDTt - fopmed [byothei misidihg @rocessihd ©f hs ilitbn tdxede IfidabE06 26.
Downwar ds of the chanber 26, heating |anps 30, such as hal ogen | anps, are
pl aced to hgllyihfeheTRUSAI tyfle pRiinA p2Scessiflg dbeicé.Nt'Eld Qlico! nitd® GIRATOPYs, 26r t O

a predetermned 5 tenperature. A transm ssion wi ndow 31 nade of a materi al

such as quagiataplé, FohedGRE thicky&e of D3eine kreh@r 26 and the heating | anps 30.
On the bottom of the chanber 26, an irradiation opening 32 is forned, and

the ends of theht hgghSpermstiQity WlA0® i3 pladsEbdtRbélLthe 3ilichh GitFidé EilthN®7 and the
circunference of the irradiation opening 32. By this, the heat waves

em tted frogak Rechedd 108 | PREORigBCbermittitiy #@ fd8eisi d¥nfrised o®findrBhic harhey 26
(the opposi?ae 10 side of the rmgﬁ%i ng tabl e 28) going through r?he {

transm SqinOmaikiARO Wudd zﬁnﬁkl%(f{ AESAY 1,02 0PENiNgZARO | NHEDS Ghd CEQ gr enpg of
the prop 29 at the bottom of 'the chanber 26, an exhaust opening 33 is

provi ded. Tﬁ%h%‘éﬂﬁi‘&ﬂit)@ﬁlﬁi‘l(mis?ténﬁeﬂ, taeResbRAn hqhidknRY BAY R thi20RnRVEYD
vacuum punp, etc. The interior of the chanber 26 is set at a predet'erm ned

pressure 15dheqlibf vepbAMehositid: Herd MR BbhPeMBittivilf filnh l@?ﬁmp%fﬁﬁ%mﬁa

transferring inlet/outlet” 34 1s provided at "approxi'mate t he sane hel ght

as the nounj i . I, d i is connected to
t he second %:g{r%\ggé(gg%gmrggg?ﬁ-[%g,tﬁt r%‘{}gﬁﬁ‘% ﬁg&é{;%)g&%/gﬁ/g&%ﬂeémmn the gate

valve 24 is op t foﬂhﬁﬂ'%f 1 i _ f i M foged,:
t hrough 20 tra%rsélz(te’rirﬂlgng In eﬁ%ﬁaﬁgg? qég%%ﬁ%n{ﬁpggﬂn% g{l)tf\r/nﬁl'rsllga@ﬁbfed%gn?;%e

conpri seqsoéesgﬂg@itrgf' eg%#ﬁ@dﬁﬁviﬂ rtz, and is structured in a tube-shape.

The plasnma formng tu I's assenbl ed, piercing through the ceiling of

chamber 26. Ongj@9 déﬂtﬂﬁﬁ Ehe%‘i’nﬁ@%ietﬁﬂ%f Q'f@@x@ﬁﬁg s9dlth 9 J ld%%%eziﬁsulﬁoggc%oﬁﬁﬁ%g)gor t

35 is provided, an I's gas port s’ connecte 0 a nitrogen

source 38 aﬁg_e&%otmﬂénceggmge AesePHiv B tﬁy@u@l@nﬁ% 'afwoﬁglﬁg&kt'eﬂ f

and 37. By IS, a mxe nitrogen ogen I's supplied

into the plgg 'ﬁtefiﬂgdﬂt&gcotlﬁtgﬁegz chddb @ @tion 11, and a processing station 12.

The cassette station 11 includes a cassette mounting table 13, and a first conveyance

20 room 14. On the cassette mounting table 13, a cassette C wherein a predetermined
number of wafers can be accommodated, is placed. While a cassette C, accommodating
un-processed wafers, is mounted in the cassette mounting table 13, a cassette C,
accommodating processed wafers, is transferred out from the mounting table 13.

A first conveyance system 15, having an arm, is placed in the first conveyance room

25 14. 'The first conveyance system 15 transfers in the accommodated wafer in a cassette C
to the side of the processing station 12, while it transfers out the processed wafer from the

side of the processing station 12, and accommodates it to a cassette C. The interior of



the gas feed port 35. Here, the mxed gas is for exanple supplied at 11
ni trogen/ hydr ogen=100sccni | Gsccm On the upper part of the plasnma formng
tube 27, a plasma forming unit 40 is provided. The plasma form ng unit 40
conprises a mcrowave generating source 49, a rectangul ar wavegui de tube
42, and an Evenson-type wavegui de tube 43. S The m crowave generating
source 41 generates a mcrowave having a wavel ength of, for exanple,
2.45GHZ. The m crowave generated fromthe m crowave generating source 41 is
suppl i ed i nthe firsecopveymee fammil# ¢ kepbele@ivby therdowglaveof deapdinr wavegui de
tube 42 and Evenson-type wavegui de tube 43. The m xed gas of nitrogen and
hydr ogen, supplThedrodessingstatibe 18 asmipeised psacondegnviegarsa ppdmdd, a hdad Iotleunit
interior of the plasnma formng 10 tube 27, and supplied mcrowave activates
the m xed ga%a, dad 17b| an ewhibhgwmif 18)\anaixidagion pracessing 8nio d 8ua nitddihg prodeksing
upper part to the |ower part of the plasma formng tube 27. In the | ower
end of the phag0pa CVDWMig21, whenkehlingnnit @R &id asparesuniir 28¢i ded. A casi ng

mat erial 45 which communi cates with the outlet 44 and spreads downwards in
an unbr el |5- shafyxeh ahitGe Renmderda thes ciptudnertide bf) tHehwtmostt doedgoddl-shByed Seeond
casing material 45, 15 the gas flowing out of the outlet 44 is diffused and
provi ded t ocbiveyairnRin A6 ﬂﬂ)ﬁﬁﬁﬂ%atb&h% tdhe NuineBi tHel précessing -stdiivpe
shower head 47, conprising many gas holes 46, is placed. The showerhead 47

i's connect edoﬁnpnﬁdaea nilhsiergeBype systeinr i e (WESnd FaaveyahdeC fod) 1611iA¢IGdsaan
comuni cating tube 48 which pierces through the wall of the chanber 26, and

a mass fl oweglRiubt §lsted, A 208 WaR@ebriprest. t hEallD iR NT GRougY 28 Ubind &olatédl bY3
gas is provided fromthe showerhead 47, and the NF3 gas is provided during

the down fl ey gite Ralvd 28Ccopdsrisd A6 atm stefn, BYdlad BiBpehasnttitinb§Rrb frbiIthe
NF3 is for exanple provided at 30scc n the pl asma, hydrogen and nitrogen

are in anl(ﬁ@édoﬁ@c&%&%@mﬂ% xﬁaf@@fo@ﬁbd irfhe id¥EdorT0l ecul es are activated
by the collision with these radicals and generates radicals such as a

fluorine radicah Yy cehies Of iRt skBnd EhiSvedatceliodt, Aesbcid éonvelyEnddedyBieny/'05 351 N
a plasma state, including gas such as nitrogen radical, hydrogen radical,

and fluori n?la&@rﬁ' Chie se@bfd céfiﬁ\%gaﬂééesi@ﬂeﬁﬁw’cofn ﬁE@sdad Ehﬁ N daEQIRIE fHe! WaRF

way, contacts the surface of waf er afilmincluding Si, N H,

and O (it hagoRPkaddast BP@RdIh2a! |y clarified) is formed on the surface of
the wafer W This filmeasily sublinmes when the wafer Wis heated to a

tenperature ni ghlohd @bkt 17a, aRd 97 bSar€!coihdtaide® thé ?i?@ttcﬁﬁvé’df\é@ﬁﬁnpfm e

wafer W In the above-nenti oned way, the native oxide film(S02 filnm on

the Surf age s altddBStEhol1, Wink Sol 0Bl 0t 39 Hindihfs QQ%J&%@&{&%HP%&&

On the surface of the silicon substrate which the native o

film is eligigat sgagység&ic AR A fi&%d?q&ié uiitt! %’7 hﬂku?ﬁ@%‘é Roggkei th

t he hydrogen (ra ca‘T e plasma. By t t he sur ace of the su strate

is stabiliz type %& ?Bhon p["h‘écg’g?/ﬂl "bn¥Bdncd O sy ds?erﬁ‘” 18- %AnbRAd! @b W&

Sl ot Antenna) - ocessi ng e oxidation processing unit 19

generates t Q&O%Iﬁé([%&(ﬂfﬂ th@ﬁasgg&c?%?l ﬂkg?agé’e?tqumﬁﬁhg‘i’a £8 Q%Vt%?&%rlgﬁk ?@1

by this plasm 1 zes the surface a silicon®substrate

a silicon oxpge fjid ﬁh&%@ye@%@céﬁﬁe‘n?:is%ﬁ “&a&k?&ﬂ%t Eﬂée B¥Ldad WAREAG SRS N

unit 19 is shomn In & oxi dat I on processing unit

19 compr | 5¢%, ol RS L7 ¥hd Aelohfiaah? iGHAMNER, 1. The chanber 51 i

conpri se alum num @étc center o e chanber 51, a nounting

table 52 of t he[‘h%eé&}ﬁﬂgqlﬂlﬁtsﬁg? aceg{es ﬁﬁgﬁﬁi@%ﬁg ﬁmf(ﬁhﬁﬁ oxM@'fﬁHD' which is

subj ected to processin e nDun
formed on the surface of the wafer (hereinafter wafer W). FIG.3 is a sectional view

showing a structure of the etching unit 18.
As shown in FIG.3, the etching unit 18 comprises a chamber 26, and a plasma
25 forming tube 27.
The chamber 26 is comprised of aluminum, etc. and is formed in an almost

cylindrical shape. In the interior of the chamber 26, a mounting table 28 for placing



52, a tenperature control unit, which is not shown in the diagranms, is
enbedded, and by the tenperature control unit, wafer Wis heated to a
_predeterm ned tenperature, for 20 exanple, fromroomtenperature to 600 C.
On the side wall of the chanber 51, a trafsferring inlet/outlet 53 is

provi ded at approximately the sanme height as the top surface of the
mounting table 52. The transferring inlet/outlet 53 is connected to the
second conveyance room 16 through gate valve 24. Wen the gate valve 24 is
open, the twaasfWrid pgovidéddout Thd meinting tAbles 28aisr iseppoztedpdor tekamplgh tyha
transferring inlet/outlet 53. One end of an exhaust tube 54 is connected to
t he bott om qfartzimeadeipacbimstaldd omtiet Habeofotht ehamslssdt 26s connected to an exhaust
system 55 such as a vacuum punp. The interior of 13 the chamber 51 is set
at a predet er nDoesiwardss uliechzyntieh 26 cheating langss30e sachDs Halapen lanps senglhcedat a
pressure from4.0 Pa to 0.13kPa (30nmflorr to 1 Torr). Gas supply tubes 56
are pl aced torhdaheéhelpioRiitigd thdleoDR tané thé dmiedor bfl theltitang®s 26uph \prédeemired ar e
connected to an Oxygen (03) gas source 57, a Hydrogen (HZ) gas source 58, 5
and Ar gon5(t&ipe@fific.S OA e simksioheinda® FlupRty of ubmsterifl aich 43| quaed, isnplhsedn v,
for exanple in 16 places, along the side wall of the chanber 51, in a

circle dir esdiedh thB¥hdithed 26ha efchdatihg 1anes, 30t hOrO@s bbttomict et dhaniber26an
supply tubes 56, is provided equally to the upward of the wafer Won the

nount i ng t gela@iafién opéhimPds? tsUofm&) ahd thy éhdis A€ theOanshssioMPRindswd 2¢ bbiked
chanber 51. A window 61 is 10 provided in the interior of the aperture 60.
The wi ndow £eigh P the eFcdmRidhidt ST the iﬁ&di&ﬁé@bpeﬁ% 3oxamy @ifuRs heéat FaeksSi 02
glass, inorganic material such as Si3N4, NaCl, KO, LiF, CaF2, BaF 2, A1203
., ALN, MO emifted o the HeaiMiE RinfpsJ0, REARdt: theMibctior AF tilicHander PE|(iheloppbsie.
pol yester, polycarbonate, cellulose acetate, polypropylene, _

pol yvi nylghdigy bt@e nRQJrMH%EdHl Q%a Y rdibB thd BN Shi¥§in ¥indW ¥ 2 ahd Gradidifdn
polyimde. 1 S For exanple, a Radial Line Slot Antenna 62 (hereinafter
RLSA) is pr(?é' ggdgoon top of the window 61. On top of the RLSA 62, a
wavegui de 64 connected to a high-frequency power source unit 63, is

pr ovi ded. Vv eghlecifnBERcd SPfhe frob!28t aGhé ohh JREUhABe YDCubBIRY ol 1

the bottomend Is connected to the a cylindrical wavegui de tube 66

wher ei n_ onGygadyl £ SAERLEI TrR ks epen%&g’léﬁseco%%étgﬁogﬁm Sl havine

wavegui de 5, a coaxl al wavegui de converter 6 I'S connecte

the LoD SUrd a6l pi | PO RStor WRURCULAREE 0% for ABERIATANRE

wavegui de tube el n one e IS connected inarig

of the c i Hipde converter 67, and the other end is connected to
t he hi gh??ﬁggﬁg%ﬁgomr' source unit 63. RLSA 62 and wavegui de 64 are
conprised of cepp . I hat erd t L Is egui de
FUb6. 66, a coaghart,dua el ofcthe hafr b8! £taRircftng, BRMULEM IE BroiaCar
tube 69 is - iofit ABHY e i . i

o g@ﬁfnﬁ@: @k fsfrtﬂﬁfeiélgﬁi) ﬁfouHﬁlg%tag% vi) Gltlferqcaégijte fleohiSs

. 4
mat eri al one end o € 1S con t to nea e center 14
is connected to the second conveyance room 16, through the gate valve 24. When the

gate valve 24 is open, the transferring in/out of the wafer W is carried out, through
20 transferring inlet/outlet 34.

The plasma forming tube 27 is comprised of a material such as quartz, and is
structured in a tube-shape. The plasma forming tube 27 is assembled, piercing through
the ceiling of chamber 26. On the upper end of the plasma forming tube 27, a gas feed
port 35 is provided, and this gas feed port 35 is connected to a nitrogen gas source 38 and

25 hydrogen gas source 39 through mass flow controllers 36 and 37. By this, a mixed gas
of nitrogen (N;) and hydrogen (H,) is supplied into the plasma forming tube 27 through

the gas feed port 35. Here, the mixed gas is for example supplied at



of the top surface of the RLSA 62, and the other end thereof is connected
coaxially to the top surface of the cylindrical wave guide tube 66. FIGS
shows a plan view of RLSA 62. As shown in FIGS, RLSA 62 conprises plural
slots 62a, 62a, ~ ~-~, which are providedlbn the same circle, on the
surface. Each 5 slot 62a is an al nost rectangle perforated trench, and the
adj acent slots 62a are placed so that they are at a right angle with each
other and forman alnost letter of T. The |l ength and pl acenent interval of
t he sl ot 62aifregeddtydraogenet)0see/dPsticoy t o t he wavel ength of the

hi gh-frequency wave generating fromthe high-frequency power source unit

63. The hi gh-fr@gubaapppopant ofathe qdasnr foriing) éuber 27, es plasmiacfoomingeumit 400is
exanple 10 2.45GH at a power of for exanple 500 to SkW The m crowave
gener at ed f rppovitiéde Hitghplasnex) frerming moivdd comprises aniicro®3dye generatmgssoarceetd, ho
the interior of the rectangul ar wavegui de tube 68 at a rectangul ar node.
Fur t her nor e, redthaegubarovaveguide rubetd2amsf or Bemhsbri-oypetwavegieidé albgdBar node to a
circular node in the coaxial wavegui de converter 67, and is transferred to
the cylind§i cal Themégowae: ganbmtiGd sadrce he generated amidcrodave Hdvengna savsienigh o8 1 s
further transferred in a spread state by the circul ar wavegui de tube 65,
and i s irradbateRamplepd.43GHA! 0Thé Hicfwdve egdrlefatedd Zroml ke imhicudi Ak egenerating

m crowave transmts the window 61, and is infused into the chanber 51. The
interior of solikectlaRhapplidd into $8f pRima femefg ttetieT2 7 atiroagh tectRilaswiveguided

m xed gas of Ar, OZ, and H2 is supplied to the interior of the chanber
51, for exambedPindEvenstil-typ wivdgmidd Qibk4B, ThemikaEgHaT nkileh ¥ind Uh&robén, By
the mcrowave transmtting the wi ndow 61, high-frequency wave energy Is
conveyed t 0 supflicd thRfhgHake 4k feb® pbR 138! 1sti1R9ﬁedt e HbaneAsr Stlthe pdma forming
hi gh-firequency plasma is generated. At this time, because the m crowave is

i rradi at edo fragd2?, hedsapplicd Mictowar Ltivhtes tRlmkeldas.a By s, dedswh Yiow @? i's
generated. Here, activated species in the plasma forned by using the SA

62, has 25 gastlaS6 bEQirrdd TrOMe Hittupper Pdrt BB lowdr patt Of BR Plashih folthmghate 27.

according to the RLSA 62, plasma- activated species which activate

rel atively placpdhy idwerf<ad B the Fisiad fERRES HILE 217 0arl HiR1e9 A0S plovflied! JR-EASISI Y
pl asma, an oxidation of the wafer W 15 surface is carried out . Namely,

the Ar radi GRlteridl 4% SvIIER &oinfshiRH&S Whth BeOYhiitd S44£8RE Bpredds oWnNGrdCid AR
silicon substrate of the wafer Wsurface, and cuts the Si bonding with each

other. Furt ResdiBiiLsha ém%ané-@ap;’e,aﬂi pr8idé® iTtheSouslet @.bgiﬁgglgwc%mﬁeﬁ 1 45,

this way, the surface of the silicon substrate i s oxi , a silicon
oxide fil : QEﬂk i ; i i , an H
radi cal WEIS gﬁe 5%%%%?%??@0% hz -ttgﬁés; W t%d ﬁdfe& g?ﬁag%tndg?lf %gﬁ!%%ér{&geand
stabilizes the HoetRAbsbly! GEbuRKE 48 4 HhPsRAtd BWRMESd MH?c&:th%iﬂgﬂdn&y as1Ne
nitriding processing unit 20 is the sa RLSA-type plasma processing Vi ce
as the oxi dgjy I; { NOrpend i 36 g j Ak 1 rns
a silicon n?{olrlég(rjhed?llgﬁﬁéfdrh 107 %)H;(/)wrj??‘%e? gg‘? nlg Jgh%%rtetragtgfﬁltg ﬁgéi%e?%i?gb%?gtaﬁgﬁ

silicon oxidgsfhht %@%Ju%é?ﬂo%ﬁg{ni@%ﬂ@bﬁ@t&%hﬁﬁ?ﬁ&éési b Sit%lﬁ 5 Jihfe

nitriding processing unit nost e same structure e oxl dation
orocessing Wknk2e IR rke: Fhe celigbolaliBis ME SR itntida Ao,
(02), 925, b1, LB il ORPORBb Ry 17258 BN, e il o
and N2 . T S5 TR 86 ARVGOPR RS R PO AT iRoR, | Fibe, N (10
(o the acti Grippt RSB sCAREGE] Binghilfl MdddcfSpTaRAGaR aia Bl sl el 19

Pur t her or @, o,y ol Bafch! A8 Nuol A8HeS ke 2 SRARLA PTG 3 FOR'ALRLRT

nih_t rogen, bondi ng“w f ssoci a Si', N jpont I's gener al g ] .
t , t . , , {. t

2 'si? i con ﬁia?'?i; e dic ﬁﬁ‘?ﬁf’%ﬂ*@ﬁgﬁ 'fn%c{l%‘ia‘f%x%%sgf?%éﬁ"dfez@ﬁwﬁré@@oﬁﬂi t
21 i gh-permitiivity film 108 . . ' 205) f |

on the suf EWBREIRE bbbty bt reftontis et FbRabBLaticRh B ERn i oL

, and the Sihhf'ln1107.i§ formed. FIG 6 shows a plan structure of the CVD
unit 21. 6 o?ﬂ%Wﬁﬁa qﬁwaex the CVD unit 21 conprises an al nost
cylindrical ch er 70..The chamher 70 i.s for.ex | e comprised af

o U num 1o PR e pLasee, FRIBiEH R he Al GpmBRiSTER ahve SRR 4H JuRens: o 08
for conserving the wafer W is provided. On the upper part of the chanber
70, a showerhead 73 having plural gas supply 5 holes 72, is provided so
that it opposes the susceptor 71. A processing gas supply line is connected
to the showerhead 73. A processing gas source 74 is connected to the

o o o o o o . L e—— P Y L 1 e




20-stored, and by this, a uniformty in pressure in the chanber 70 can be
gai ned. Furthernore, the buffer tank 78 is connected to the exhaust |ine.
The exhaust |ine connects to a vacuum punp etc., and sets a predetermn ned
pressure in the interior of the chanber 712 for exanple at 0.13kPa (1
Torr). Down bel ow the susceptor 71, a heating room 80, made of quartz etc.,
t hrough 25 window 79) is placed. In the heating room 80, plural heating

| anps 81 such as the hal ogen | anps are provided. By the heating of the
heati ng | anpaf@1W, tahfilmu gicludingl Siv NOH, tthands Os@ehdsonot Aeef apekifitedlyi clamfied)ris of
the chanber 70) is set at a predeterm ned tenperature, 17 for exanple at
300 C to 6@armed orCrhetsnefass afetheeddferoW. t HEhic fibmigesily7dublimes mdresfthe miafey W is
inletloutlet 82 is provided at approximately the sane height as the
suscept or 7heatétheo tar @mpbeature rigghen| thin 00 1(&tand2isi edintinatad dtoad theo surfeee fcthad
conveyance room 16 through the gate valve 24. When the gate 5 valve 24 is
open, the tnwafaf W r ibithd aboseimentiohdtewanfthe niivesoxide filre ¢Si0yfiliny oh hige arfacad
conveyance system 25. In the aforenentioned structure of the CVD unit 21,
CVD pr ocesSiofichel wafeaW, iselinbinhtell by tiixdova flow of thHegplagimaiut es, and for exanpl e
a high-permttivity film(Ta20 5 film 108 of Inmto 20nmis fornmed on the
SiN film 107 foDiake byrficeefnthe rsiliton subSERS iwhich e nldtiee dxidAfiinn Si0Y filmd 4s has
al nost the sanme structure as the oxidation processing unit. The annealing
(reform ng) etifnifdied, mﬂb-sn&bﬁidhﬁ%ﬁigtbbnﬁg kxist, B84 thédeitont Mith the h9drokbh (FhditQls,
wherein the filmis formed by the CVD unit 21, is carried out in the
anneal i ng Ui thedlasnMaAMEBythisathelseidessTithd Qitkek desaBlizdd) or i gi nated car bon
(©, included in the netallic insulation film 108, and oxygen pl asna

reacts, and el iTReokidatia provessixa ipite1 OR QﬂMA(ﬁRadial Hyiné 816t Adtenna)-type
hi gh-quality high-permttivity film 108 wherein the carbon content is [ow,

and the ga) PrdRMiRIUetide! €Mhe EdxGdationS pRREJSABS Rt BAZeMRa@R i thE Dlashd QOVARE .
the processing gas applied in the annealing unit 22, may be different from

the gas m XiRsdied g4 B udiiEnfrb@atd Qibrpy, R8BI thY plidhda, dRidizBY eHe R$fabY of a

reduci ng the oxygen gas ratio. 20 The spare unit 23 is a multi-purpose unit

that is applsjiaRkehsaatednd! 4RF foPhOG SFiRbA BxidBKiim 108r €xanpl e, as a heating
processing unit. To inprove the throughput of the whole form ng system 10

of the gate insplAiRfion §REGRPON e BXMABAGHRLhg bAitl ® R2HIWH MeFIRTQVI A§d.
Furthernore, the nunber of spare units 23 is not limted to one, and plural

units may 23nh&en RhOKFIGigd theTgﬁidfaHBﬁri pi6ceBhg %i9;19 acdifrives HRUARIARL Jifldrical

appl yi ng the above-nentioned structure of the formng system 10 of the gate

21714 Moo i s el rpieue 10 S 2 Bt

In the center of the chamber 51, a mounting table 52 of the semiconductor wafer
(hereinafter wafer W), which is subjected to processing, is placed. In the mounting table
52, a temperature control unit, which is not shown in the diagrams, is embedded, and by
the temperature control unit, wafer W is heated to a predetermined temperature, for

20 example, from room temperature to 600°C.

On the side wall of the chamber 51, a transferring inlet/outlet 53 is provided at
approximately the same height as the top surface of the mounting table 52. The
transferring inlet/outlet 53 is connected to the second conveyance room 16 through gate
valve 24. When the gate valve 24 is open, the transferring in/out of wafers W is carried

25 out through the transferring inlet/outlet 53.

One end of an exhaust tube 54 is connected to the bottom of the chamber 51, and the

other end is connected to an exhaust system 55 such as a vacuum pump. The interior of



prepared. These wafers W are accommpdated into the cassette Cin
predeter m ned nunbers, for exanple every 25, and nounted on the cassette
pounting table 13 of the 5 cassette station 11. The first conveyance system
15 takes out the wafer Wfromthe interiot3of the cassette C, and nmounts it
inside the load |ock unit 17a. Then, the load |lock unit 17a is cl osed, and
al nost the sane pressure is set as the second conveyance room 16. After
that, the gate valve 24 is opened, and the second conveyance system 25

t akes out t Hhe whimber\§11(s fatana predétonmintd pkessunct byl #e. eXhaestssystend 58.0¢eteefmmnce
unit 25 transfers in the wafer Wto the etching unit 18, and nounts it on

t he nount i ngxhmplemat 3®restire firont HO Rpcto €. 1\3&kPa €3GdTors tac 1’ Bxedd, and the interior
of the etching unit 18 is set at a predeterm ned pressure. In the etching
unit 18, et chi nGas supphgtubdseddaeplidcedvinothe upperpidesofahgemnibert. SEhe gds sippli2,

H 2, and NF 3, is carried out. By this, the native oxide film(Si02 film,
formed on t hebesfith ae eomfectedao waiOxygely (09 gat souroafBch Hpdregen ¢H,) ighe sameess,
time, on the dangling bond of the silicon (Si) of the surface of the wafer
W hydr ogef aptl) Aigonb@adigns saorteas®t affleegdsi supplys tibes isdareAplaesd thi€oratlg hiang
processing, the interior of the etching unit 18 is set at a pressure 20

al nost the saampksint Ieplacesy alpapake sidewallbof thulkhaenbanil, in atdielgairectionl vBy24
is opened, and the wafer Wis transferred out of the etching unit 18 by the
second conveyaipgslacyihie Wadpthe Hag pravided By the gatippliurbéd 56, €piovided egally to

oxi dation processing unit 19. The second conveyance system 25 is nounted on
the nmounti nghé aphads? thewifeeW o theinidun®ing tdbde £5 oxi dation processing unit
19. Then, the gate valve 24 is closed, and a predeterm ned pressure in the
interior of theAf%perire®0 idpPAGE8&d 61 tHeNipperd Side Sf 8RS chakdbRer X dAtwidow 61 is
processing of a surface of a silicon substrate 101, is carried out by 19
t he |t LSALD \R6viBed $iBhd iRERSESoM thedpertate 60. t The WihdBy F106RAHHRY tiAkhistiOn By
this, a silicon oxide of for exanple Inmto 20nmis fornmed on the surface
of the sili GpgteSalbfok !éairﬁpléﬁhanzéfah@Sicb;gaasaxmdagitmwmmﬁﬂesaén AOSi;NheNdQt BCL,or
of the oxide processing unit 19 is set at 5 al nost the sane pressure as the
second convaygNEgF), B4R 1 ALOEXAINT MRG emaNGIntsO6Y SHedRCEY 61%%2[5at€ﬁﬁn§1fcﬁra§ In
the wafer Wto the interior of the etching unit. Then, the gate valve 24 is

opened, and dopRaAGR! WbebkAnSTRiy@tboue, Of cbilfloXi dAtdRE, Pr ANGSOhPEndINi t

19 by the second ‘conveyance system25. After the wafer Wis tranSferred in,

inet gzzi})ei \S/a'gﬁé)?yvgl?ylglﬁoﬁ&é?igﬂwhﬁ"ﬁdeﬁe@ﬁlo}iﬁ&,eﬂdlﬁ"tyreﬁe, bBFaitide, bed pyRhiaeessi ng

15 For example, a Radial Line Slot Antenna 62 (hereinafter RLSA) is provided on top
of the window 61. On top of the RLSA 62, a waveguide 64 connected to a
high-frequency power source umit 63, is provided. Waveguide 64 comprises, a flat
circular waveguide tube 65 wherein the bottom end is connected to the RLSA 62, a
cylindrical waveguide tube 66 wherein one end is connected to the top surface of the

20 circular waveguide tube 65, a coaxial waveguide converter 67 which is connected to the
top surface of the cylindrical waveguide tube 66, and a rectangular waveguide tube 68
wherein one end is connected in a right angle to the side of the coaxial waveguide
converter 67, and the other end is connected to the high-frequency power source unit 63.
RLSA 62 and waveguide 64 are comprised of copper plates.

25 In the interior of the cylindrical waveguide tube 66, a coaxial wave guide tube 69 is

placed. The coaxial wave guide tube 69 is comprised of an axis member made of

electrically conductive material, and one end of the tube is connected to nearly the center



| © predeterm ned pressure. The nitriding processing of the surface of the
silicon substrate 101 is carried out by the R, SA plasma processing device,
in the nitriding processing unit 20. By this, the surface of the silicon
oxide filmis nitrided. By this, a part pf the silicon oxide film a
silicon nitride film 107 of for exanple O Snmto 6nmis fornmed. 15 After
the nitriding processing, the interior of the nitriding processing unit 20
is set at alnost the sanme pressure as the second conveyance room 25. Then,
t he gate valfve @f sufacepdtbel RLSAJGZ, land theef ather\ahd shdreafris temneettd oaxially tohthe
nitriding processing unit 20 by the second conveyance system 25. Next, the
second conveysurfaee of tieeyliddiidat aneé guide tubetblbe wafer Winto the interior of
the CVD unit 21. After the transferring in of the wafer W 20 the gate

val ve 24 is clBiges shawnglatpar vietvesfl RESAf62 heAsC3Howimnint FIGLS,] RLSAt 62atomprises
predeterm ned pressure. A high-permttivity film 108, for exanple a

tant al um oxhdel §lbdsn2as62Qr Hpd/hsh 4rb@rovidédonm the sameleirdle,| on the Gulficd. hEaclyD
method in the CVD unit 21. The high- permttivity film108 is fornmed at a
t hi cl r ness sift 6Ralis axalmserecangleperoruted @énchf Akl the AdjaCAMD sfuto 626 sre placed Re
interior of the CVD unit 21 is set at a predeterm ned pressure al nost the

same as thehfieksnde apaYightfpte wthPadibothdh&id fotfendadinestisieref 2% IThedpgiikd,
and wafer Wis transferred out of the CVD unit 21 by the second conveyance

20 system 2hd phiR¥inent idfered ©F ek Q@Omﬁ%&mﬁemc@ﬁhﬁ%&ﬂﬂkaﬁ@vewﬂ gihher waf er
Winto the interior of the annealing unit 22. After the transferring in of

the wafer Vg mﬂs%m&yzwwég @heddtinoFroth BRSHgh-A0 ehb? bWeEddutde Wit 43he anneal i ng
unit 22 is set at a predeferm ned pressure. nnea i ng processing applying

the 1ZLSA-typeri apRBr ﬁwa SHRYEC nit %35geaeraté§rmcmaw%f\r@f 8kanflle | N

t he annealing unit 22. nmely, |ow energy oxygen gas plasma is exposed to a

hi gh- per pp {45GHY af b lpBweP8f fat&kahdpfe 500 BPHKWC) THe rhﬁ?o&ader@en&aeéd fibmahed.
After the annealing processl ng, the interior of the annealing unit 22 is

set at abo‘l')%gﬂ—ﬂ@ql&ﬁ@? pBWRS SHiiree amitl 65 1§%@fén%@%%@ﬂﬁ@nbpgf“tﬂeﬁrecwfgﬁlart he
gate valve 24 is opened, 10 and the wafer Wis transferred out of

anneal i ng Wﬂvte%lﬁae Ribel 68atS £ FRM o GRP HRNRN CPurtitet BB, # mIdtERavd ﬁetraﬁﬁﬁﬁ‘ﬁgd

conveyance system 25 transfers in the wafer Winto the load | ock unit 17b.

After the wgj Ehe\%bén%l{lﬁ‘r}ﬁi)@é lroeéjcrt) JartoiSedA ke @alx‘i’a‘f v%a&eétﬁd&&&ﬁt@ﬂer &N nf he

interior of t | oad Tock unit Is set at a nost e sane pressure as
the first €@ [ 51 Q dgltt[b%t EY:ARE rﬁ e gers
out the vvafler%\ﬁ?ﬁdmt e )floé%;? c?tegﬁilt 17 %d acc%rrm) at ?é‘ét emin the

tt t
casSeLt PLEIPREREGAATSREE SN, bRl WS ABSHA o3l BRERTrilfaaq ot
107, and a M Ifheoﬁétr@fatdf\fhé RIS §9. 10fhel ifra ﬁf@&' rﬁ%?éivdv% kS ?ﬁi’eewﬂﬁﬂw ned

process. e pr esent I nvention | s not I mt to the a rerrentl one

enbodi nent g4 rE‘B tions and applications are possible. The
nodi ficati ons(?g\ﬂlr\lllgﬁl e %%Ff%d in the aforenenti oned enbodi nent of the

present invent, ‘{n\!riol- f&e% Bélbﬁgl sRE ﬂ‘ﬁ(prg&gerﬁﬁﬂegﬁgﬂg%%ﬁsgﬁg ;ﬁ%l%@&

unit 18 in the aforenen |one ment

structure Ry PR q5, ARY ] Aduftich 9 theAfitehiBFofthE URLHEG S12Ror kSl s BbH0/

20 H,= 10:1:1, from the gas supply tube 56. By the microwave transmitting the window
61, high-frequency wave energy is conveyed to the mixed gas in the interior of the
chamber 51, and high-frequency plasma is generated. At this time, because the
microwave is irradiated from the many slots 62a of the RLSA 62, a high-density plasma
is generated. Here, activated species in the plasma formed by using the RLSA 62, has

25 an electron temperature of about (.7 to 2eV. In this way, according to the RLSA 62,
plasma- activated species which activate relatively placidly is formed.

By an exposure to the generated high-density plasma, an oxidation of the wafer W



25 elimnate the native oxide (Si02) fornmed on the surface of the wafer W
The structure of the CVD unit 21 is also only one exanple, and the
_structure nmay be of any kind as long as it is possible to forma tantalum
oxide filmon the SIN film Furthernore,13 structure 21 fit for formng a
hi gh-permttivity film besides the tantalum oxide, is possible. In the

af orenenti oned enbodi nent, an etching unit 18 is provided, and the native
oxide filmon the surface of the wafer W is elimnated. However, instead
of provi di ngrface istcatriedguuni Nafi®]y, shesAr trslical @ thieigeherdied etdsing, peivalesenergy ow
quality silicon oxide film5 (native oxide filnm to a high quality silicon
oxi de fi | mbyOsetindyo theesitizord aitbistrate mf dhe safergWusurface,i sndposs thel $i. bdndirtghwith

af orenenti oned enbodi nent , the oxide filmform ng processing, nitride film
form ng preaessiheg, Ruthetrhereaorpggeni (@ fadicakfrimg B5O0chondig witht Si. In this
respectively in the oxidation processing unit 19, nitriding processing unit
20, and annes), ithg saface af2the Idiliddavenbstrateiil oxitdizdue aadra sitidoro vkidenfilnh of Sfore
unit, by for exanple integrating the gas supply units. O course it is

pr ef er abl & eklapletlnen Pragnasg ¢ fopmed conducted in different units, fromthe

vi ewpoi nt of throughput and safety. In the aforenentioned enbodi nent, the
RLSA 62 and t hat thesvidgell AeH 4dicaa dlidhegbneratdsTeor H,bah i Owith the SiSd&ingBng!borid, 19,
nitriding processing unit 20, and annealing unit 22, is 15 conprised of
copper pl atagd stibilizes the fe@Rdd' stlicon R ideMvE R GHrowRS $hefilnt HEnlity.cr owave, the
materials that conprise the RLSA 62 and the wavegui de 64, may be

hi gh- per ni t t i Vitig/nifMdingprocé@inglunitozl) i€ GheSiadie RESA-t§eeslhsma pRessinpedesice@st i on
of the feed port to the circular wavegui de 64, nay be a direction wherein
the m cr ovan€otidatfoibée@sinpanil1bel ThOnAdilg PtRRSSHElt 26 formhs FFsPicdASitride
T-branch or 20 in a directron parallel to a tangent, or a direction wherein
the m croyaus 167 BYRRHIRG &/ Birt bE M Yurfae N tht BilidHiE oxidt FImA R Tofmdd MNBe
T-branch, as long as the mcrowave is effectively supplied into the

M crovave GRINABYARBRRessBACHIt 191 the interior of the circular waveguide 64.
Furthernore) 1/2 or 1/4 of the wavelength in the tube, is the suitable slot

interval of t hﬁlé"’ﬁiﬁﬁdiﬂhrﬁrﬁéés@iﬁ afnift DG HAk GiAYRVRe sdmeFURichRE TR e dAidafBna
m crowave of wavel ength 2.45 , a high-density plasnma I s generated.

However, i thrb@sdiRd uhit TO sRSwh O FiG S, mtHﬂ?erﬁx%hﬂl‘@‘(ﬁi&a’ﬁ@ﬂg»%b%l’sh?ga{ini?% _
chosen accordingly, fromthe range of 0.8GH# to 20GHz. 22 The gas applied

to oxi dat i gn dfitniiobtd ANDP g8t Gs rappfied Ghatbdd bt Syk&h (09 BhoT Rl ARGHnGaS.
For exanpl e instead of A, "ot her nhoble gas such”as Xe, , Kr, and H may
be appli e4. [ t ok ng .t

of foct i vE] P gt e phRarag of fr, N Ai3TR0 RpdiRg i Lliiof for ERmplE RS9 ¢

When nitri qjlzr}glo.pjltrogen-cont ai ni ng gas such as NH3, N20, NO, N02, may be
appl i ed besi'des N2. Mreover, the aforenentioned m xed gas ratio of the

Lor: 1) andiycaRbhafiobad BFofth BT T AR | Houidhirdent Neh s Wik~

changed rewgptl\j(y%m\j@ a range from0.05 to 5. Furthernore, 10 reaction

condi ti ons conicer’ni ng thie waf er tenperature, and reaction pressure etc., is
t limted t : - i 4 ' i I

not 11t orh SuPRPHSAICAE PP (I THLAS: ok, BB iche Ak PGy he] 0N

the anneg 'Fgfﬁ‘%ﬁijé%%%e%é{lgbf HeHifae g} sﬁx@%@é{%bd}gﬁlﬁg 'ﬁkegzil'tiBﬁ??IGHetdcﬁb&th Il m

usi ng the Sha processi ng vice, struc
radical, the Si-O bonding is cut. Furthermore, by the nitrogen (N) radical, generated

from a gas containing nitrogen, bonding with this dissociated Si, a Si-N bond is generated.
In this way, a part of the surface of the silicon oxide film is nitrided, and a silicon nitride
(SiN) film 107 of 0.5nm to 6nm is formed.

25 The CVD unit 21 forms a high-permittivity film 108, here a tantalum oxide (Ta;0s)
film, on the surface of the wafer W, wherein the nitride processing is carried out , and the

SiN film 107 is formed. FIG.6 shows a plan structure of the CVD unit 21.



15 omtting the annealing unit 22 is possible. O course, it is needless to
say that a structure conprising an annealing unit 22 forns a nore
high-quality film In the aforenentioned enbodinment, the filmin the bottom
| ayer of the stacking gate insulator 104 16 a silicon oxide film 106, but
it may be a filmcontaining silicon such as a silicon nitride filmor a
silicon oxide-nitride film In this case, the kind of gas used in 20 the
oxi dation processing unit 19 is changed. For exanple, if a silicon nitride
(SiN) filmis ghssipwoihEIG.65 thedCYDnurtir 2 eomprasesian aimest dylintieced chimberyfen
gas, and if a silicon oxide-nitride (STON) filmis going to be fornmed , it
may be a st rihetchambénTQ tsdfor exionplg coimprieglesf ajaminuRb |Indhs tenitexl of Anpinteridpidfi t vy
In the af orementioned enbodi nent, an inorganic (netal) series as a

hi gh- per m t ttheveliaynter 700 alddScepas 7d fpt cadervidpwhe eraferW hsiprévideds conpri sed of
SiC, SiN, etc., fornmed by 23 CVD etc., may be used. In this case, the SiN
filmfornmed by OhehdRpherppars ofi tHeucleimbenF0aa sholethead Mathapingvploiad gabaupply
penetration of inpurities fromthe gate el ectrode (polycrystalline silicon)
to the silj doksyabitpratided sonthbhie oppaseethenstscepod 7ida, protessigg s ippbit livede
105 of the M SFET 100, is 5 conprised of polycrystalline silicon. However,
it is not |icohheted @ the ShoveéiHeddBy3.beAcpitpedsigdgay s@irté Ganisgeunmestedinto the

t he af orenenti oned enbodi nent, the gate insulator 104 of the M SFET 100 is
formed. Howgy&dessihg gasSsupplly linen ted to this, and it is possible to apply the
formng of the gate insulator in the present invention, to other devices
such as a fl ashmxteximplkOwhere GEFLJ0 Heh Ry formed) e ?g)cbssmgﬂ@snfo@g@ms,
invention, a formng method and a form ng systemof a highly reliable gate

i nsul ator wifh} eRempleOvigdaR- taﬂﬁilﬂrﬁuiaseﬁméﬂiiﬁﬂwaﬁy@wa%%Mﬂaw g0 @i
thereunto without departing fromthe broad spirit and scope of the

i nventionyg 'Eblﬁmﬁié%&tﬁl%&{éﬁ}rbﬁﬂalﬁfﬂf)g@ (mn{oc H'tﬂts? RAE Ghitkéheh! gay SHHiah erdhltRs

present invention, not to limt the scope o e present invention. 15 The
scope of thexplifSeaé ahd RS dnd MBSV ihe @t@chHRd féd akdilplé akgil ghdran

the enbodi nent. Various nodifications made within the meaning of an
equi val ent  efpeldIfrocessing gas are bonded just before or in advance, and supplied into the shower
head 73, and is supplied to the whole surface of the wafer W through the gas supply holes
72.
15 In the circumference of the suceptor 71, a baffle plate 76 having plural baffle holes
75 is arranged.  The gas supplied from the showerhead 73 to the interior of the chamber
70, flows downward through the baffle hole 75. In the bottom part of the chamber 70,
plural exhaust ports 77 are provided. The exhaust ports 77 are connected to the buffer
tank 78. By the buffer tank 78, the gas supplied to the interior of the chamber 70 is once
20 stored, and by this, a uniformity in pressure in the chamber 70 can be gained.
Furthermore, the buffer tank 78 is connected to the exhaust line. The exhaust line
connects to a vacuum pump etc., and sets a predetermined pressure in the interior of the
chamber 70, for example at 0.13kPa (1 Torr).
Down below the susceptor 71, a heating room 80, made of quartz etc., through
25 window 79, is placed. In the heating room 80, plural heating lamps 81 such as the

halogen lamps are provided. By the heating of the heating lamps 81, through window 79,

the susceptor 71 (and the interior of the chamber 70) is set at a predetermined temperature,



clainms of the invention and within the clains are to be regarded to be in
the scope of the present invention. This application is based on Japanese
Patent Application No. 2001-260179 filed on 20 August 29, 2001 and

i ncludi ng specification, clainms, draw ngsi7and summary. The di scl osure of

t he above Japanese Patent Application is incorporated herein by reference
inits entirety. 24 CLAIMS 1. A formng nethod of a gate insulator
conprising: a silicon oxide filmform ng process for formng a silicon

oxi de fil m (forlx@mpbnatB00hHE ts606°aCe regi on of a silicon substrate (101); a
silicon nitride filmformng process for formng a silicon nitride film
(107) on the subh #dmsidecgalbof the chanhbbrd0] & camsferxing énlév/durlet 82 G)proaided a« f or m ng
process for formng a high-permttivity film(108) with a higher

perm ttivit ypploaiimatelydhssamecpighn s de shsdeptof 7106 The assfiérfing iinle@ileni? isi de
film210 (107), wherein: said oxide filmform ng process conprises a formng
met hod for fcofindcied t6 @hekesond cmRe @it fooh | Githroddhthe gite ivale 24 f Aigenrthgpate of
said silicon substrate ( 101 ) by exposing the surface of said silicon
substrate § valve24 i3 oped, theftansidfringlib/ogeoftha wederbly is carfied aad Byotheksedoadave from
a plane antenna having plural slits, to an oxygen containing gas; and said
nitride fil gohwyahdebyolefCEss conprises a formng nmethod for formng said
silicon nitride film(107) on the surface region of said silicon oxide film
( 106) by exposinfige ifdgertdntibacEstiictz@bfthe VD afitQ1] OV profesking @Sdartied ut

pl asma, 20 generated by irradiating mcrowave froma plane antenna havi ng
plural slit Yor dx@mpldtok kndfina R} MdTbrékagdste a RighTjeemitavity it (B, 00di18]) 188 98t €

i nsul ator according to claiml1, wherein said oxide filmform ng process

includes a PHACBIDNAOK foraiedon tROSINAIR X 0T Sorfrieli Hydhd Sifibe fotstingg on said
silicon substrate, by exposing the surface of said 25 silicon Substrate to

a pl asma, j@enerpiegnbiling i 2aas Afn st ﬂ%%ﬁﬁié%&u&ﬁx%s&h@bﬂﬂ@tinﬁﬁ%@@&@in@%ﬁhﬂg
plural slits, to an oxygen containing gas. 3. The form ng nethod of "a gate

[ nSul at of - aetgllhéMing Orc Rl of RAKiBh BermidR it GelRte LsL ORGP g 0cesS

conprises a process for expoSing the surface of said silicon substrate, and
a process f Qihefoth ﬂiezﬁlﬁgistf&%xeiﬂﬁyf HEEVIPGAiPD1,95 cafibdlodd ihithihm &Rt . by

subj ecting the exposed surface’of said silicon substrate to a plasns,

gener at ed byanfdiRdi rﬁ&é&&rﬁﬁsﬂa@ﬁﬁmﬁi&fg}ﬁaﬁ 6ot S RdBa Y MY melier al

slits, to an oxygen containing gas. 4. "The form ng nethod of a gate

I nsul at or a‘h@s%[aﬁ!ioﬁ%h?ﬂ 08! ;ﬁld‘&%geﬂ‘ﬁl%ﬁxﬁh Reat@d! shdWlirhin&es 4 fo%{cegﬁﬁ'ib@) BPCESS

conprises a process for nitridi'ng the surface region of said silicon

nitride fidmdy eaPR A%idthGuatiy hidhSeRhirSAtyhm |05 Rei HE cibbiebRer is
low, and the gate leakage current etc., is decreased, can be gained.

Moreover, the processing gas applied in the annealing unit 22, may be different from
the gas mixture ratio of the oxidation processing unit 19, such as by reducing the oxygen
gas ratio.

20 The spare unit 23 is a multi-purpose unit that is applicable as another processing unit,
for example, as a heating processing unit. To improve the throughput of the whole
forming system 10 of the gate insulator, each above-mentioned unit 17 to 22 may be
provided.

Furthermore, the number of spare units 23 is not limited to one, and plural units may

25 be provided.

The forming method of a gate insulator 104 applying the above-mentioned structure

of the forming system 10 of the gate insulator 104 will be described below, referring to



pl-asma, generated by irradiating mcrowave froma plane antenna having
plural 10 slits, to a nitrogen containing gas. 5. The form ng nethod of a
_gate insulator according to claiml, wherein said pertnittivity filmis
conprised of nmetal as the main conmponent]8and further includes a
permttivity filmreform ng process for reformng said permttivity film by
exposi ng the surface of said permttivity filmto a plasm, generated by 15
irradiating mcrowave froma plane antenna having plural slits, to an
oxygen contlGi.ng gas. 6. The fornming nmethod of a gate insulator according
to claim5, wherein said permttivity filmreform ng process carbon is
el i m nat ed fr ofirgawafepeWrdath havihg a formedliyain hegiph 462randd smmcakregiond©a, are
containing gas. 20 7. The form ng nethod of a gate insulator according to
claim 1, wprepired. sdhdseswhiecoW, asel adeorhiodated irfto theechssette £ infyiredeterasnealf
| Nnm~20nm in said oxide filmformng process, and said nitride filmis
formed at aunibeed, forexample eReSr2f, Gndmonntediod the tassate hounting sable b3 opthecess.
8. The form ng nmethod of a gate insulator according to claim1, wherein
sai d 25 ghsassenpstati@slhrgon. 9. The form ng nmethod of a gate insul ator
according to claim1l1, wherein said insulation filmconprises a gate
i nsul ator of aTh fistdonveyatfre b9sterAr Sitalcesloat the wafed Wi fraih tienigitesips bE e
conprising: an oxide filmformng unit (19) for formng a silicon oxide
filmon theasditt & and R@ums itdhside thello&block ukis 174t €Thed, thetlédddeckt uhiel ToHism ng
unit (20) for formng a silicon nitride filmon the 5 surface region of
said silicalosed)md almbstithesachedprpurd ik bét\ds the decdid donveyange tovnh 16.24 % erf that,
forming a permttivity filmof a higher permttivity, than the silicon
oxi de fil mth©pats ahlle 2414 Svned) dnditkieseconditorvbRingt Bystem 25 takes out the wafer W

10 from the load lock unit 17a.

The second conveyance unit 25 transfers in the wafer W to the etching unit 18, and
mounts it on the mounting table 28. Then, the gate valve 24 is closed, and the interior of
the etching unit 18 is set at a predetermined pressure.

In the etching unit 18, etching, using the downflow of the plasma gas comprised of

15 N,, H,, and NF 3, is carried out. By this, the native oxide film (SiO, film), formed on the
surface of the wafer W, is eliminated. Also, at the same time, on the dangling bond of
the silicon (Si) of the surface of the wafer W, hydrogen (H) is bonded, and a stable film is
formed.

After the etching processing, the interior of the etching unit 18 is set at a pressure

20 almost the same as the conveyance room 16. Subsequently, the gate valve 24 is opened,
and the wafer W is transferred out of the etching unit 18 by the second conveyance
system 25.

The wafer W is subsequently sent to the oxidation processing unit 19. The second
conveyance system 25 is mounted on the mounting table 52 in the interior of the

25 oxidation processing unit 19. Then, the gate valve 24 is closed, and a predetermined
pressure in the interior of the oxidation processing unit 19 is set.

The oxidation processing of a surface of a silicon substrate 101, is carried out by



10 said oxide filmformng unit ( 19) forns a silicon oxide filmon the
surface region of said silicon substrate, by exposing the surface of said
_silicon substrate to a plasma, generated by irradiating m crowave froma

pl ane antenna (62) having plural slits, t® an oxygen containing gas; and
said nitride filin formng unit (20) forns a silicon nitride filmon the
surface 15 region of said silicon oxide film by exposing the surface of
said silicon oxide filmto a plasma, generated by irradiating m crowave
from sai d phaRESArlype plasib pyockssitigdevidelin alie alidd procdssing unitt1®og @y thisnd ai ni ng
gas. 11. The insulation filmform ng systemaccording to claim 10, wherein
sai d oxi de silicofiokidensf fdroexudtiiple Inah ar 20nnh eformedion thie Istpf@derof alikysiBeonssubsgateon
said silicon 20 substrate by exposing the surface of said silicon substrate
to a plasmapigenerated by irradiating mcrowave froma plane antenna havi ng
plural slits, to an oxygen containing gas. 12. The insulation filmform ng
system accor di Affert the okidationl rocedsmipethe istaticr shthelexifle procéRinE ungt 19 setex poses
the surface of said silicon substrate, and oxides 25 the surface regi on of

sai d silifsainsstlls faddepregsuRDdRabid dohidCorfdydnee eocth 1621 Mest thegesbngubstrate to
a plasma, generated by irradiating mcrowave froma plane antenna havi ng

plural sli tcenvéyan@robiyZFiarfns i fié RAfGFW 1o thedrtedidr of ThE elchmiglualti OThéd,l M
form ng systemaccording to claim10, wherein said nitride filmformng
unit nitri dRSgdté10alse Dl aCsHenediafd tef waet W iitansRRQShtdT thé bxibnproasting t he
surface of sard silicon oxide filmto a plasm, generated by irradiating

m crowave fuhﬁ@%g&h@é&oﬁ@%%aﬂ&\éyﬁemmwr Afted kel WafbOWeis Hah§HEN I the
contai ning gas. 14. The insulation filmform ng systemaccording to claim
10, wher ei pafajath el iicidsbd,iahd te ihfriof of BERItHARY phddeNig Alit D& 1ter a@Nd
further conprises a permttivity filmreformng unit for reformng said

perm tti yp to¥edetdrMind@pr&%@@si Ng the surface of said permttivity filmto a
pl asma, generated by irradiating 10 m crowave from a pl ane antenna havi ng

plural slits tphARaRNIERdERMRI M GrHRS of the silithE sutRgHlealol QQC%E%I‘;@K’“ ng

system according to claim 14, "wherein said permttivity filmreformng unit

el i m nates j i bt s 1L J of 1 ygen

cont ai ni ng tgigmlﬁ .1£ET r?%%ﬁf’g}dikf)lhé/’flf,ﬁﬁ ’%lor nu?%%ﬁgﬁg@g%ﬁg?gbr 5: ngg’t@écl aim
10, wherei i (] . i unj or i i:kd i film
of a thicl %gl?géeﬁfétﬁ;ﬁ fﬁr({&r:n(qf%{l %ﬂlr?]fl ?S;ng sgi dBkiﬂEIrg’l ge fi It‘riine ﬁgéﬁﬁgdﬁﬁ?@eﬁ or ns

sai d ni t1 i dfichh nfBial nfin'1B OF FAEX bl % Ak 17. The [ nsul ati on
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second conveyance system 25. Next, the second conveyance system 23 transfers in the

wafer W into the interior of the CVD unit 21.  After the transferring in of the wafer W,
20 the gate valve 24 is closed, and the interior of the CVD unit 21 is set at a predetermined
pressure.

A high-permittivity film 108, for example a tantalum oxide film is formed on the
silicon nitride film 107 by the CVD method in the CVD unit 21. The high- permittivity
film 108 is formed at a thickness of for example 1nm to 20nm.

25 After the CVD processing, the interior of the CVD unit 21 is set at a predetermined
pressure almost the same as the second conveyance room 16. Then, the gate valve 24 is

opened, and wafer W is transferred out of the CVD unit 21 by the second conveyance
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The forming process of a gate insulation film 104 comprising a silicon oxide 106, a
silicon nitride film 107, and a high-permittivity film 108 is completed in the
above-mentioned process.

20 The present invention is not limited to the aforementioned embodiments, and various
modifications and applications are possible. The modifications which may be applied in
the aforementioned embodiment of the present invention will be described below.

The structure of the etching unit 18 in the aforementioned embodiment, is only one
example, and the structure may be of any kind as long as the structure can effectively

25 eliminate the native oxide (SiO,) formed on the surface of the wafer W. The structure
of the CVD unit 21 is also only one example, and the structure may be of any kind as long

as it is possible to form a tantalum oxide film on the SiN film. Furthermore, a structure
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unit, is possible.
In the aforementioned embodiment , the oxide film forming processing, nitride film
forming processing, and the annealing processing is carried out respectively in the
oxidation processing unit 19, nitriding processing unit 20, and annealing unit 22.
10 However, it may be carried out in the same unit, by for example integrating the gas
supply units. Of course it is preferable that the processing is conducted in different units,
from the viewpoint of throughput and safety.
In the aforementioned embodiment, the RLSA 62 and the waveguide 64, applied in
the oxidation processing unit 19, nitriding processing unit 20, and annealing unit 22, is
15 comprised of copper plate. Here, to control the conveyance loss of the microwave, the
materials that comprise the RLSA 62 and the waveguide 64, may be high-permittivity Al,
Cu, Ag/Cu coated stainless steel.
Also, the direction of the feed port to the circular waveguide 64, may be a direction
wherein the microwave is supplied parallel to an H-plane such as an H-plane T-branch or
20 in a direction parallel to a tangent, or a direction wherein the microwave is supplied
vertically to an H-plane, such as an E-plane T-branch, as long as the microwave is
effectively supplied into the microwave conveyance space, in the interior of the circular
waveguide 64. Furthermore, 1/2 or 1/4 of the wavelength in the tube, is the suitable slot
interval of the wave direction of the microwave.
25 Furthermore, using a microwave of wavelength 2.45GHz, a high-density plasma is

generated. However, it is not limited to this, and the microwave frequency can be

chosen accordingly, from the range of 0.8GHz to 20GHz.
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bonding of the Si0,, it is preferable to apply Ar.
5 When nitriding, nitrogen-containing gas such as NH3, N,O, NO, NO,, may be
applied besides N.
Moreover, the aforementioned mixed gas ratio of the mixed gas, is not limited to the
aforementioned ratio (Ar/N»/(Q;) /Hy/ = 1:0:1:1), and for example, the abundance ratio of
N, (O,), H,, may be changed respectively in a range from 0.05 to 5. Furthermore,
10 reaction conditions concerning the wafer temperature, and reaction pressure etc., is not
limited to the above-mentioned examples, and may be of any kind as long as a
high-quality SiN film is formable.
In the aforementioned embodiment, the annealing unit 22 eliminates the carbon in
the high-permittivity film using the RLSA-type plasma processing device, but a structure
15 omitting the annealing unit 22 is possible. Of course, it is needless to say that a structure
comprising an annealing unit 22 forms a more high-quality film.
In the aforementioned embodiment, the film in the bottom layer of the stacking gate
insulator 104 is a silicon oxide film 106, but it may be a film containing silicon such as a
silicon nitride film or a silicon oxide-nitride film. In this case, the kind of gas used in
20 the oxidation processing unit 19 is changed. For example, if a silicon nitride (SilN) film
is going to be formed , nitrogen gas is used instead of oxygen gas, and if a silicon

oxide-nitride (SiON) film is going to be formed , it may be a structure further adding

nitrogen gas.

25 Industrial Applicability
In the aforementioned embodiment, an inorganic (metal) series as a high-permittivity

film 108 was applied. However, other films comprised of SiC, SiN, etc., formed by
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formed. However, it is not limited to this, and it is possible to apply the forming of the
gate insulator in the present invention, to other devices such as a flash memory.

10 As described above, according to the present invention, a forming method and a
forming system of a highly reliable gate insulator will be provided.

Various embodiments and changes may be made thereunto without departing from
the broad spirit and scope of the invention. The above-described embodiment is
intended to illustrate the present invention, not to limit the scope of the present invention.

15 The scope of the present invention is shown by the attached claims rather than the
embodiment. Various modifications made within the meaning of an equivalent of the
claims of the invention and within the claims are to be regarded to be in the scope of the
present invention.

This application is based on Japanese Patent Application No. 2001-260179 filed on

20 August 29, 2001 and including specification, claims, drawings and summary. The
disclosure of the above Japanese Patent Application is incorporated herein by reference in

its entirety.
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{13mK /! SH109& ( bn'dR36HAM Righ& df) - said silicon oxide film 2106) and
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10} c~} oP1@10% u&' (3 forafe prdcdss forBRRing QRgh-permittivity film (108) with a higher
permittivity than said silicon oxide film (106) on said silicon nitride film
10 (107),
wherein:
said oxide film forming process comprises a forming method for forming
said silicon oxide film (106) on the surface region of said silicon substrate
(101) by exposing the surface of said silicon substrate (101) to a plasma,
15 generated by irradiating microwave from a plane antenna having plural slits, to
an oxygen containing gas; and
said nitride film forming process comprises a forming method for forming
said silicon nitride film (107) on the surface region of said silicon oxide film
(106) by exposing the surface of said silicon oxide film (106) to a plasma,
20 generated by irradiating microwave from a plane antenna having plural slits, to
a nitride containing gas.
2. The forming method of a gate insulator according to claim 1, wherein
said oxide film forming process includes a process for reforming the oxide film
already existing on said silicon substrate, by exposing the surface of said
25 silicon substrate to a plasma, generated by irradiating microwave, from a plane
antenna having plural slits, to an oxygen containing gas.

3. The forming method of a gate insulator according to claim1, wherein
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10 slits, to a nitrogen containing gas.
5. The forming method of a gate insulator according to claim 1, wherein said

permittivity film is comprised of metal as the main component, and further
includes a permittivity film reforming process for reforming said permittivity
film by exposing the surface of said permittivity film to a plasma, generated by
15 irradiating microwave from a plane antenna having plural slits, to an oxygen
containing gas.
6. The forming method of a gate insulator according to claim 5, wherein
said permittivity film reforming process carbon is eliminated from said
permittivity film by the plasma of said oxygen containing gas.
20 7. The forming method of a gate insulator according to claim 1, wherein
said silicon oxide film is formed at a thickness of 1nm~20nm in said oxide film
forming process, and said nitride film is formed at a thickness of 0.5nm~6nm in

said nitride film forming process.

8. The forming method of a gate insulator according to claim 1, wherein said
25 gas comprises argon.
9. The forming method of a gate insulator according to claim 1, wherein said

insulation film comprises a gate insulator of a MISFET.
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@ 0% a nitride film forming unit (20) for forming a silicon nitride film on the
5 surface region of said silicon oxide film; and
a permittivity film forming unit (21) for forming a permittivity film of a
higher permittivity, than the silicon oxide film, on said silicon nitride
film;
wherein:
10 said oxide film forming unit (19) forms a silicon oxide film on the surface
region of said silicon substrate, by exposing the surface of said silicon substrate
to a plasma, generated by irradiating microwave from a plane antenna (62)
having plural slits, to an oxygen containing gas; and
said nitride film forming unit (20) forms a silicon nitride film on the surface
15 region of said silicon oxide film, by exposing the surface of said silicon oxide
film to a plasma, generated by irradiating microwave from said plane antenna
(62) having plural slits, to a nitrogen containing gas.
11.  The insulation film forming system according to claim 10, wherein said
oxide film forming unit reforms the oxide film already existing on said silicon
20 substrate by exposing the surface of said silicon substrate to a plasma, generated
by irradiating microwave from a plane antenna having plural slits, to an oxygen
containing gas.
12.  The insulation film forming system according to claim 10, wherein said
oxide film forming unit exposes the surface of said silicon substrate, and oxides
25 the surface region of said silicon substrate by exposing the surface of said silicon

substrate to a plasma, generated by irradiating microwave from a plane antenna

having plural slits, to an oxygen containing gas.
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5 containing gas.

14.  The insulation film forming system according to claim 10, wherein said
permittivity film is comprised mainly of metal, and further comprises a
permittivity film reforming unit for reforming said permittivity film, by exposing
the surface of said permittivity film to a plasma, generated by irradiating

10 microwave from a plane antenna having plural slits to an oxygen containing gas.

15.  The insulation film forming system according to claim 14, wherein said
permittivity film reforming unit eliminates carbon in said permittivity film by the
plasma of said oxygen containing gas.

16.  The insulation film forming system according to claim 10, wherein said

15 oxide film forming unit forms said silicon oxide film of a thickness from 1nm to
20nm, and said nitride film forming unit forms said nitride film of a thickness
from 0.5nm to 6nm.

17.  The insulation film forming system according to claim 10, wherein said gas
comprises argon.

20 18.  The insulation film forming system according to claim 10, wherein said gate

insulation film comprises a gate insulator of a MISFET.



