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1 DESCRIPTION Forming Method and Forming System of Insulation Film
Technical Field 5 The present invention relates to a highly reliable forming
method and forming system for insulation film. Background Art With the
high-integration and high-miniaturization of semiconductor integrated
circuits, the miniaturization of Metal Insulator Semiconductor Field Effect
Transistors 10 (MISFET) on the semichnductor integrated circulits is
advancing. With the miniaturizatpRStheIthickness of a gate insulator is
demanded to be extremely thin, being about a couple nanometers.
Generally, siliEomoxj lod pfithiionrhicl Byfcrmed Ingulaeiondlibridation 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 electrod® SPHEMISEET. To control the increase
and.so forth of the tunnel current, a stacking gate.insulator Whi%l as .
RS R e e e AT
s;g}g}f%g%%ig&fm(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 pageitaim@aant, and Equivalent Oxide
Thickness (EOT) is kept low. Here, the EOT is a converted value of the
thicwhgssief thiglfitim«afthie e tatilv e parmitivtiyizasiod effestivécdilductor integrated
thickness t, to the thickness of the relative permittivity of the silicon oxide
cifirrtyE8fo Me)iagrerigidefirfeNak] BOTh@ssMejon P arfdinlih g ifrsthdansistors
of a stacking gate insulator applying a silicon nitride film (SiN film) asa
(MighEBrmvit) SilrieRES ARER s ARS8 EFCth S1TSHER attin@d V3 pHigese With  the

mﬁ%@é?ag%{lcgﬁgﬁgi&gééggg%gg tlll(ljsrlllfélt%rzgo e_r%%f 65 t'oTlpg el)riltsrgrlr?ct:?ydthin, being

about a couple nanometers.

Generally, silicon oxide (Sio) film, which is formed by thermal oxidation of a
silicon substrate, is applied as a gate insulator. However, thinning a silicon oxide film to
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
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
(esioy/e), and is defined as, EOT= (esio,/€)-t.

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 N0.2000-294550. The insulated gate formed by the
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2 method disclosed in the aforementioned publication, comprises a direct
silicon oxide-nitride film (or an oxide film or a nitride film) formed in a
thickness of one nanometer or less, applying a plasma processing device
including a Radial Line Slot Antenna (RLSA), and a SiN film, formed in
about 2 nanometers on this oxide-nitride film 5 by CVD. When an RLSA-
type plasma processing device is appli@d, a more high-quality film with
miessdlanglingdiond isHermedesempaial ubtiagidarmeadipyieeC VD .disa, silicon
because the film forming processing, applying the RLSA plasma
oyrerssity filrcdnduntetkide ditelativelynondte miper diomed@50'-a4800kibes of one
damage of the film surface is decreased 10 compared to other plasma
NFEQBELLIY. IesthiaPRian il e BBeappR/ifgVthe IrebIding selidithdine Slot
processing.is high in quality, therefore annealing in a high temperature, at

ABisaie {856 A ABH AR SLR), IFasH i eRit bf JBRAREISth Bulprveispitrde film

H {ﬁ?the aforementioned stacking gate insulator applies the SiN film as
e Igh-permittivity film. The relative permittivity of the SiN film is about

8, tharelare I A ERILekINE &Hﬁeﬁkﬁﬁ%@lé‘eﬁ@%f%ﬁeﬁ,(Eﬁ@etmgféﬁaity

effective film thicknéss. Due to this, when the SIN film is applied, there is
fiBl I QoS Ak ch @ BetiGiershnti ckoptpisicato flBb Ik RRIS PR E BNING o,
sufficiently thin EOT by answering to the demand of miniaturization. By
bébasswviherfiinofganiagnsutatisin il app Wity gl el ativerpeproitiaiyg fav cafiducted
example, aluminum oxide (relative permittivity: 11), zirconium oxide (24),
inegnee l4tatelio o titep2Bze € 2900 eth (an, o Tahegs of e Elypay ferels thrsreased
effective film thickness can be gained. As aforementioned, by app!yin%an
CORAYEAIC MERERTEIPEYCRIING: refuiteyayatd mndoratey Ruvipr) X the
guested permittivity can be gained. Howe er,ef?an 25 organic

Rl BrAVRY RIS e Lol A it The Ao Bs i gt
PN T2 R YR SRHERAIGASE, B MiFol feencca

Here, the aforementioned stacking gate insulator applies the SiN film as the
high-permittivity film. The relative permittivity of the SiN film is about 8, therefore the
EOT of the 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
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
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.
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whole stacking gate insulator will increase. 3 Generally, the
aforementioned inorganic high-permittivity films are formed, for example,
by applying an organic metal such as ethoxide metal as the precursor, by
CVD. By this, the formed high-permittivity film includes a few percent of
carbon. When the carbon content is hi%h, reliability declines, such as the
occurrence of 5 the leakage current increasing. In this way, hitherto, it
wasseliificul tehg anatateibigdlynte liable lgatepashiatonyavingua soiffieient
physical thickness and a sufficiently thin EOT. Disclosure of the Invention
foT lesaniypés thyf 4hpl pressembigeeittioatid $ogbray iboa by mirtgl mretivopreamotsor,
forming 10 system for insulation film, in which a highly reliable insulation
bYifrVéan By phitteeéormed bigbvecthatbbibctilthenfdndeng faethetgent of
according to a first aspect of the present. invention comprises; a silicon

CBRRAk filM HERHIRGIS PR o it iy " &R BRd@ins sk fidhe Grcugence of

regiq(n of a silic%)n substrate; 15 a silicon nitride film forming process for
t akage cmiren 1n¢, eésu%ﬁ. . .
orm|n§a silicon nitride 1itm on the surface region of the aforementioned

siligonexige it ang. & (RIORG;REAGS SRR RS A REFMIILY SR ithy

a higher permittivity than the silicon oxide film on the aforemehtioned

h$iigen sitideftrpnyhareinckaostamatosamentigradiaaderfiim forming
process comprises a forming method for forming the silicon oxide film on
the surface region of the aforeifoenitosfatiesliicenttubstrate by subjecting
the surface of said silicon substrate to a plasma, generated by irradiating
mickbovabgctiont shplamesenitemveathevirgtplpravidits, foranngxyepthod and forming
containing gas; and 25 the aforementioned nitride film forming process
S%&?ﬁbﬁgégsﬁlf’é’r?ﬁi%m’ in which a highly reliable insulation film can be produced.
To achieve the object, the forming method according to a first aspect of the present
invention comprises;
a silicon oxide film forming process for forming a silicon oxide film on the
surface region of a silicon substrate;
a silicon nitride film forming process for forming a silicon nitride film on the
surface region of the aforementioned silicon oxide film; and
a forming process for forming a permittivity film with a higher permittivity
than the silicon oxide film on the aforementioned silicon nitride film,
wherein:
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
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
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method for forming the silicon nitride film on the surface region of the
aforementioned silicon oxide film by subjecting the surface of the
aforementioned 4 silicon oxide film to a plasma, generated by irradiating
microwave from a plane antenna having plural slits, to a nitride containing
gas. It is preferable that the aforementioned oxide film forming process
includes a process for reforming the oXide film already existing on the
aforegmesiioreid siliaao »EuhsH AtendcdbReindiiiesuiace ofdiitom a plane
aforementioned silicon substrate to a plasma, generated by irradiating
micravtave, lirom aplanies Arstennaniadingoplaraingigsisto an  oxygen
containing gas. It is preferable that the aforementioned oxide film forming
probids Presprpne daahthsratasmeniienpd srigakdns deraeagpraeess includes a
aforementigned silicon substrate, and a process for 10 oxidizing the .

PSR EgirargrReAs it mishers Kint L BR iR & loy BeRfiataig theen
expo e%suracet.of %gid sil%con ﬂgstr?te to atplas .gener thth |
Sinadiating microwave from & plane antenna é)\?ieng%lura Shitg! o an @ Prasma.

< YGRA 6O MAIMAhIaR: How RIETRARS éﬁh%?ﬁﬁt&fﬁé%ﬂﬁ%&%ﬂﬁﬂg% i

forming process comprises a process for nitriding the surface region of
othecafesammintiongd silicon oxide film, by 15 subjecting the surface of the
aforementioned silicon oxide film to a plasma, generated by irradiating
mictoivgveférabicatplathe afvientea tiandd @yl &l slitertoigenitt@gencomprises a
containing gas. The aforementioned permittivity film is comprised of metal
presattefonairposimptheentfagn @ itz Aot reewomedisdicopetrbitiistty dilcha process for
reforming process, for reforming the 20 aforementioned permittivity film by
0N ﬁﬁ‘éf%‘if‘rf&éé)aﬁf\@?)é%%ﬂww(?ﬂﬁ?t81§061é§?ﬁ%{?§eh¥ qhipg the
irradiatin mic#])wa ejirom aglane anter}na having plur slitsﬁ*so an .
“BGeR Eottaming Gas T he %?8?8&?&1?8&%’8’&?%5% SR Rg o wave

B AU QB 0] S R Ao end 0

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
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
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 Inm~20nm, and in the nitride film forming process, the nitride film is
formed at a thickness of 0.5nm~6nm.

It is preferable that the aforementioned gas comprises argon.

The aforementioned insulation film comprises a gate insulator of a MISFET.
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25 formed at a thickness of 0.5nm-6nm. It is preferable that the
aforementioned gas comprises argon. The aforementioned insulation film
comprises a gate insulator of a MISFET. 5 To achieve the
aforementioned object, a forming system of an insulation film according to
the second aspect of the present invention comprises: an oxide film
forming unit for forming a silicon oxide film on the surface region of a
silicos suhstede: Seraritgaieoin tpjaing tithiap oNringa &iligen AGIdEIm
film on the surface region of the silicon oxide film; and a permittivity film

adorrding wnibdoedonthimperpelr thittprityefiimeésibigbenpeistive permittivity,
than the silicon oxide film, on the aforementioned silicon nitride film; 10
whevefitedibwidermingapiif (rmfaensidiemcor dxddefitmten séace region of
surface region of the silicon substrate, by exposing the surface of the

a gilicon Whsilste to a plasma, generated by irradiating microwave from a

plane JienAR YNGRl SllE, 10 a0 oxyden conialing.gag, and 15 the
nitride film forming unit forms a silico Aitride fIm on the Surtace region of

s&ﬁﬁc%iﬁigéﬁ%@éﬂﬁeﬁémcgﬂ %@gﬁm;tggdsurface of the silicon oxide film to a

plasma, generated by irradiating microwave from a plane antenna having

pluralshitsmieiaititiRaeOraARAIRID S8 dseii i Rrpéeranieithahihe oxide film

forming unit reforms the oxide film, already 20 existing on the silicon
highbsirdieybpaxposiiy thestitadd ohtbeigditibn, subgicaife tensenplasedaijlicon

generated by irradiating microwave from a plane antenna having plural
nigtitks fdman oxygen containing gas. It is preferable that the oxide film

forming unit exposes the surface of the silicon
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

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
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 oxygen 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
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
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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 6 silicon oxide film by exposing the surface of the
silicon oxide film to a plasma, generategl by irradiating microwave from a

siflasmeoaftenina badnsbpivahsliis tacoibide: containdgd@asn tha primiitigiterated
film is comprised of metal as the main component, and may 5 further

by omgriss a pemovtivityifim selonmmngeonit fior negqrimialgs e tpeximidévityntaining
film, by exposing the surface of the permittivity film to a plasma,

&¥enerated by irradiating microwave from a plane antenna having plural
slits. The oxide, film forming unit forms the silicon oxide film of a thickness

of 1 hHF RETBEHHH DA HEMHE SHRRISREh? PRI G URR FOMS BRPARFRIe RS

g ficknERs.of 0,20m 0, 40,80, I preferable thpthe afprementpned i, 1,
gas comprises argon. aforementiored insulation filny comprises a

S H0SHALRH QI Ao MR e fmi RNGL PRSCIPHBM Qh D ANIRGR 4By i8S iing

objecfs and other objects and advantages of the present invention will

mREeIRR: Afe PR antuRenIeadipaaf thesfollowing detailed description
and the accompanying drawings in which: FIG.1 is a diagram showing the

strud@hesrida fatefinsvilaiamiaceondityg tliten exidofilmertaahiblenpses€nim to

invention; 20 FIG.2 is a diagram showing the structure of a forming
2@ysterndahthel sl fihouletionn e dgimgs th¢Hata debomeé ntthickne regBrinm to

invention; FIG.3 is a diagram showing the structure of an etching unit,
6%1?5‘cording to the embodiment of the present invention;

It is preferable that the aforementioned gas comprises argon.

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

Brief Description of Drawings
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;
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
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
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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 7 FIG.6 is a diagram showing the structure of a CVD unit, according
to the embodiment of the present invention. Best Mode for Carrying Out
the Invention 5 The forming method of the insulation film according to the
embpreanhafifaearessihinundiancwit be desaibad refesrngdeotie
drawings. The insulation film, formed according to the embodiment of the
preseanbmiertionf tbempssesey gaierninsulator of a Metal Insulator
Semiconductor Field Effect Transistor (MISFET) shown in FIG. 1. 10 As
shown in FIG.1, MISFET 100 comprises, a P-type drain region 102 and
source region 103 in the surface region of an N-t)g%;e silicon substrate

101, a gate insulatorPfO4Mefm Y GATHLE PHBSYER Y hannel region)

of the.sficon substiate 101, hich fs, placed between he s diallen of he
region and source region , and a gate electrode 105 formed on

piile AR ANFUIRRA 1A% RERIL PR32 A SPHIGF Legi0n 103, are 15

respectively connected to a drain electrode and source electrode,

conrpesin@ MRl 3R SHicordsudsy e dbodirighradione1iés@Rinvention,

source region 103, respectively may be opposite conductivity types. On
cahgpsilison gubsinaidaildilopladdeiieneendhs dradonégian HAdmffsouiansistor
region 103, the gate electrode 105 is provided via the gate insulator 104.
(MR §diesbieorrodElR0.105 is comprised of polycrystalline silicon (p-Si).
The gate electrode 105 comprises the MISFET 100, and when the gate
thréshaheWBIiadd§s hptilebkd tH¥ gawriisetrctB-1s, @%%@P(&%& jgnd source

S RS TR L P LR

formed on the surface region (channel region) of the silicon substrate 101, which is
placed between the P-type drain region 102 and source region 103, and a gate electrode
105 formed on the gate insulator 104. Drain region 102 and source region 103, are
respectively connected to a drain electrode and source electrode, comprising a MISFET
100. Silicon substrate 101, drain region 102 and source region 103, respectively may be
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
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
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
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The gate insulator 104 is comprised of a silicon oxide film (5i02film) 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 8 surface region of the silicon substrate 101, wherein a
plasma processing device having a Rdtlial Line Slot Antenna (RLSA) is
sipke gldreosilico i higdesfibnrh @6 18] fartRxeaimplelafarmaddesaitkidknReshaving a
of 0.5 nm to 14 nm. The silicon nitride film 107 is stacked on the silicon
Ractalel fitrm 3106 ATkensdliddhS B nisrighelfibch 1 Théssibnore dxget fidnmitfiirsg for example,
processing of the silicon oxide film 106 applying the RLSA type plasma
fosperdb s mdighvrss of Re sliitéh ithidle film 107 is, for example, formed in a

thickness of 0.5 nm to 6 nm. The hi ermittivit f|Im 108 is placed .
et el oS (LTSN UdE T8, W The silicon

R e A08 5 cpmeraed of noraanic fﬁgg RABRSHAS fim 106

SUC

ﬂ;ﬁ%ﬁn%e&@'K*E§)&f@%e18§1§ﬁlﬁ%%%gssﬁ%ed&%%9'e HirR E*?lféﬂheﬁﬁr?&elfﬂm 17 is, for

Onm by CVD (Chemical Vapor Deposition). Here, the high-permittivity

efiimpitansisater i flmibawga 0ighal tslelagtric constant than that of the
silicon oxide film (about 4). Next, the forming method of the

abdie- ightimnedtgeits hisnl&08rid phved bawkbrdgrcsibechrefeidinilia 0¥ and the
drawings. FIG.2 shows the composition of a forming system 10 of a gate
gitrsalacsiodecdingliee thghensbodimant ithd (fraseremipvisadonr. insrghigrimetal)
in FIG.2, the formlng system 10 of the gate insulator comprises a
a

maiesialresuetiah Ap0add S GrobaddingrStRioH L2, A% dueEherhighmermittivity
i 19 e GRS mGURUTS (Acte L3 A Sa Uk ® el £ C VD (Chemical
V%%g%%{) [&F%)“Ui"-ia%f (}a{e%fgﬁ{fﬁ,&ﬁﬂl&%g&ﬂm”;&%&eﬁor'% R gg B K01 higher

a cassett accommo atlng un-process afers, IS mount in the
diehsssltesnauntinddarie d3na GassRIEif film (about 4).

Next, the forming method of the above-mentioned gate insulator 104 will be
described referring to the drawings.

FIG.2 shows the composition of a forming system 10 of a gate insulator according to
the embodiment of the present invention. As shown in FIG.2, the forming system 10 of
the gate insulator comprises a cassette station 11, and a processing station 12.

The cassette station 11 includes a cassette mounting table 13, and a first conveyance
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
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
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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
theff@stherdirsiareveyance ioript Him kenhelaaw byl dheodewanflgw of clean

air. The processing station 12 comprises a second conveyance room 16,

a |oEet Ipcicessingl ftajiamd 2 coman etchisgyomitchByayaoxéedation rogdssingck unit

unit 19, a nitriding processing unit 20, a CVD unit 21, an annealing unit _
173 anddl Absserateiin@any Each ritdaticonprosessing tHatclbuhitdrishies pocessing
the almaost octa?;znal-shaped‘second conveyance room 16 through a gate

uE R 84 YRR thinsteaditia d o b a SBANpHEESL A clustered-type

system. The second conyeyance room 16 incl Hf%s n_exhaust system
et e R S Rl o R g scona

cSHRIGYANE B3nLABPISESAN LIRS PYS IO aﬂQrﬁ‘élg‘daﬁE’ €8sing station 12

atmosphere from the 10 second conveyance room 16 may be formed in
cdhpineriar. dndhecaaniss eliheSecond GRRYRYaRHR E99i0e r§68PNG includes an

conveyance system 25 is placed. The second conveyance system 25
exienriseemn auna@hdairatesterpibs wafBncamond 2abstouglit 17, twiadgholated by

23. The load lock unit 17a, and 17 b are connected to the first conveyance
theogate Malive 24 dvanpaissette sxduor $1sthe doddiookapendens afoestbers dkpm the

a wafer transferring-in port to the processing station 12, and the load lock
SGGARMLGP VENOSSHEUR A0magederimarediAdbsdRisER The first conveyance

system 15 transfers the wafer, accommodated in the cgssette C of the .

cadBelbé RGBT R HE 1SR ure A TRBTEnce System 25 s
pRRYCYRAEE SYFIAMS &30 INSIES Ayt G praceseaf Wales TIAMANE e water

oad lock unit 17b, and accommodates it in cassette e etching
a1 aliminate s fative oxide film (silicon oxide film), which is

The load lock unit 17a, and 17 b are connected to the first conveyance room 14 in
the cassette station 11. The load lock unit 17a, functions as a wafer transferring-in port
to the processing station 12, and the load lock unit 17b, functions as a wafer
transferring-out port. The first conveyance system 15 transfers the wafer,
accommodated in the cassette C of the cassette mounting table 13, into the load lock unit
17a. The first conveyance system 15 also transfers out the processed wafer from the
load lock unit 17b, and accommodates it in cassette C.

The etching unit 18 eliminates the native oxide film (silicon oxide film), which is
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
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
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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 10 wafef W is provided. The mounting table
walkis supRoped:ded exarplembyrainguastienaglei proppinsialeden tkample, by a

base of the chamber 26. Downwards of the chamber 26, heating lamps
q80issuchlaprhplogeti¢dmpshabagplat de: thdmelxtrtA6. mounting table 28 and

the interior of the chamber 26 to a predetermined 5 temperature. A

trahieHissiai i dehcBamhendoohaatrgdaars ith sy aahaldeep duegs. are placed

between the chamber 26 and the heating lamps 30. On the bottom of the .
tocReFhiRE Seouting 4ehktion SPanihy ¥ thdbe SRAMRE eridbAREedetermined
Jipnsmissionaindow; 3 are.bonded airight o ihe gireymietence SADE ¢ blace

inradiation opening%’és: é)y this, thé heat waves ‘emite rom}}he ﬁea]iln’g P

bAATNRR R dHAHIREREINRHN- 109 SHARET 25 (he RRRARILF 4 éf%‘?n%r 26, an

the mounting table 28) going through the transmission window 31 an

irf@diRiPBp AREE Y i3 Zoimébe placuntaansenf the Rl atkaswatiai bonded
of the chamber 26, an exhaust opening 33 is provided. The exhaust

aiopening 8k isicannéeteddoofintexhaudittioa laeiigg B32acBymtpumpeeteat waves
The interior of the chamber 26 is set at a predetermined pressure 15 by
enhigaskfraosthinbe@ngHenpdad Waliraditie dieanibapefl therghafebeingd (the opposite
inlet/outlet 34 is provided at approximately the same height as the o
SiffRinthisgRamng 2Pl 184 Reidgi Ry Ry BGHERS M iRs iegnMBdRY & ! irradiation
secong onveyance room 16, through the gate valve 24. When the gate
ORARRE A%C'is open, the transferring infout of the wafer W is carried out,

thr?HQHe %%é@ﬂ%%ﬁ{é%goﬂ%@o&%t%m the bottom of the chamber 26, an exhaust

opening 33 is provided. The exhaust opening 33 is connected to an exhaust line having
a vacuum pump, etc. The interior of the chamber 26 is set at a predetermined pressure
by the exhaust line.

On the side wall of the chamber 26, a transferring inlet/outlet 34 is provided at
approximately the same height as the mounting table 28. The transferring inlet/outlet 34
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
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
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
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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 masslgow controllers 36 and 37. By this,
ni&rSaeH dasgainiomgem/(N2¢and hydrogen (H2) is supplied into the

plasma forming tube 27 through the gas feed port 35. Here, the mixed

ga$is fibe exgprapleasupplibd atdshmaniiwogeryhydikogeén= Ipddscefivmi@szamit 40 is

On the upper part of the plasma forming tube 27, a plasma forming unit 40
prigvidesiddde THas pladrienfagniinig HhitUOPEBASpH SESIa WIS pBgating source 41, a

generating source 41, a rectangular waveguide tube 42, and an

: %ﬁ%&ﬁ-w&%éﬂfeé\%é%@&g@?% REWAVEYU G source 41

genﬁlrates a microwave havirg)%a w velenlgdth of, for examqlle 2.45GHz.
€. microwave gener. '[18% S r%ﬁ L gcne tes a'microwave an% a X&/fvelength of,
The microwave generated¥rom the microwave generating source 41'Is

f&“@?éi%zglﬁt%ﬁ‘ﬁﬁ@?m%ﬁgr%%%wg@ez eAFAUENERaRRU IR MAYEAMIdEnerating

tube 42 and Evenson-type waveguide tube 43. The mixed gas of nitrogen

sctie:hydreaepplsipplisdrbrpgmine Sam feemddort, Ihrds SHPRIEAAME theveguide

interior of the plasma forming 10 tube 27, and supplied microwave
tubetivhied theemvedypasvBydhide aidowh flolhohdasd plassfiaiisogeauntédiydrogen,
from the upper part to the lower part of the plasma forming tube 27. In the
suppladethtbugbhdpasnieefopmingdtubeupliad oudahaanisypoeiddg. plasma forming
casing material 45 which communicates with the outlet 44 and spreads

hEWAWAIY S YRPAS JURHBFRNA N3 HE SifelRHEHe3aS prBvidis it teavBtRy of gas
44, By th [ ial 45, 15 th flowi fth let 44 i
P AL AP Ao o dRESCRATH S S0 TNy el e P e e 27

””%Sﬂu%ﬁ%gvép%’&fggﬁﬁ%d i‘a@r&é’@% Qdﬂé‘%,ga?tlfm%?é?géf‘fmﬁ% REGY" A casing

The showerhea is connected to the nitrogén ori gas
maRHEE 59 hrayohaamRERICaING ke Afwhich Rareeatio g Hiirds in an

wall of the chamber 26, and a mass flow controller 49 equipped with the
wedRMmUshapéing tehe-difpe, is provided in the outlet 44. By the casing material 45,
the gas flowing out of the outlet 44 is diffused and provided to the chamber 26.

Directly below the outlet 44, a ring-shaped showerhead 47, comprising many gas
holes 46, is placed. The showerhead 47 is connected to the nitrogen trifluoride (NF3)
gas source 50 through a communicating tube 48 which pierces through the wall of the
chamber 26, and a mass flow controller 49 equipped with the communicating tube 48.

NF; gasis provided from the showerhead 47, and the NF; gas is provided during
the down flow of a mixed gas plasma made of hydrogen and nitrogen. Here, NF;is for
example provided at 30sccm. In the plasma, hydrogen and nitrogen are in an active state
such as a radical, and NF; molecules are activated by the collision with these radicals
and generates radicals such as a fluorine radical by dissociation. The gas provided on
the wafer W is in a plasma state, including gas such as nitrogen radical, hydrogen radical,

and fluorine radical, etc.

When the plasma, formed in the aforementioned way, contacts the surface of the
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20 NF3 gas is provided from the showerhead 47, and the NF3 gas is
provided during the down flow of a mixed gas plasma made of hydrogen
and nitrogen. Here, NF3 is for example provided at 30sccm. In the
plasma, hydrogen and nitrogen are in an active state such as a radical,
and NF3 molecules are activated by the collision with these radicals and
generates radicals such as a fluorine rhdiical by dissociation. The gas
wafevieh aASitbRiwvaie SNVNS W, Fplagnta gtaies inelusbng grsisidahyaslarified) is
nitrogen radical, hydrogen radical, and fluorine radical, etc. When the
fopfasinen fbesedanetioé tioreaienonethial] nortatsthémosfadentlbevifer W is
wafer W, a film including Si, N, H, F and O (it has not been specifically
hegtadrie piscmnenedrerntaes ke d O the tafds Winmniistinirepsilye surface of the
sublimes when the wafer W is _heated to a temperature hig,her than 100C,

WATEH 1 elifR i BR APV ISDRA Y e iR PYAG iR (SIO: film) on the surface

oft gv\g- ere 'olg% nvyi%ylt t cﬁ n&{iv&oﬁ%filrgf %iOZ]gSImzl on the surface 5 of
he warer W; 13 efiffinate By e downow of tHe p?és‘ma. On the surface

of 18 sHicQn ArRsHRIE AR NG.RalYE i IR (RIRR féJSZ@&ésﬁlﬁl (Si0, film) is

eliminated, many silicon dangling bonds exist, but these bond with the

cliveipgenniagicalon dagapiasBshd3 v this heisiidacn ohte Gusiiabeds (radical)
stabilized. The oxidation processing unit 19 is an RLSA (Radial Line Slot

inAhtgrina)riy p8 yl thigrolee ssifig clef/ibe .siiberaxidatiabifredessing unit 19
generates the plasma of the processing gas by using microwave energy,
and’by isdplamprossidingsuié darfacenofRd-SHiddtndabstiate 3101, Angnna)-type
forms a silicon oxide film 106. The section structure of the oxidation

PigRSEHEGNgFUie 19 ThShOVfRPRI BracsAsingn s i FRSNETafss dRfudtisima of the

ssing unit 19 ' Imost cylindrical 15 chamber 51, Th
PRNIBE1 19 COMBRBABY AR, WL Th (RS BERIBH G EhdiabFTace of o

si@\i}oﬁé{ﬂ%‘%’ﬁ@Q%ﬁbiﬁd'ﬁgﬁggesﬁgl&gc&gggﬁﬂﬁ (\}V@égr (hereinafter wafer

), which Is subjected to processing, Is placed. In the mounting table 52,
a teP]ERILE senttalLBi. mhichdamnet Eﬂ%é’ﬁiiﬁlgﬂﬂﬁi@i@@rﬁr@ﬁo{)?n in FIG4. As

embedded, and by
shown in FIG.4, the oxidation processing unit 19 comprises an almost cylindrical
chamber 51. The chamber 51 is comprised of aluminum, etc.

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
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
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
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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 vall® 24. When the gate valve 24 is

thepeinnibertrmnsfeseingt in/put hovalaes \Wris waerieg (RS edidivovghdiness, etc. for
transferring inlet/outlet 53. One end of an exhaust tube 54 is connected to
exthmplotiompoétheechramied Bl tafid 3k€a¢foenBnd ts Ebmmected to an
exhaust system 55 such as a vacuum pump. The interior of 13 the
chdpaberEnl Y s X0 edrershini Heupres side ohtiscleanbers? bystbig 8% supply
etc. for example at a pressure from 4.0 Pa to 0.13kPa (30mTorr to 1Torr).

BSOS HRLHd 5 aéxaﬁllﬁ%gabﬁwgf‘dé b U £ Agice 58,
ly , tubes 56 d t O 0
rgfis TEoD Ymg ez%ssggarére%e Zr%’?%?g bp %/gf?l%és%s%ﬁges gcr hunifa ormly, for

'é/ fﬁ'ti ﬁ'i’?cé’sr ea%ﬁ%%ﬂé@i‘é%r%ﬂ B EXAmpin 36 F?JPEec%cfl‘éO&‘igegiﬁm By

S|de wall of the chambeF 51, in a circle direction. By being placed this

bdMy pthe:gasi Piewdast BYstherorr$vpRhe tles phlyisubiR\sger peiallyd@qually to
the upward of the wafer W on the mounting table 52. An aperture 60 is

theropicdked ofithleevafpeWsidalef dnactiagnhbleFR. A window 61 is 10
provided in the interior of the aperture 60. The window 61 comprises
tradsimigsiorrerhbitisrielo Yodesxamibke upnsr sidenef $hie 2hgiadsr inbrganiwindow 61 is
material such as Si3N4, NaCl, KC1, LiF, CaF2, BaF2, A1203, AN, MgO,

PION Rt GheHBtEAsr of JhmiaRREHEFAG,chbEs YHBlRh ik ﬁ@%}%&f@%ﬂsmwsm

AR IOR Gt CRE Rty AR RS il 81y NacL KCL
Lﬁ% e B Bza’ld}al %lne hgt 'M‘ ?#]rﬁéﬂ% En% %W?ﬁt&rtB&SAg @[Pcr Or}{!aqglqa? uch as

top of the WiRdOW n top 2 a waveguide b4 connecie
pd®yamiighereaupncaRpwer sQYiaeHBRikE3. iscprryided. Waveguide Bdypropylene,

comprises, a flat

polyvinylchloride, polyvinylidenechloride, polystyrene, polyamide, and polyimide.

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 unit 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
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.

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
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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 righ]t4angle to the side of the coaxial
ofvBy egplilerceaHe RS a0d, thelatkasipaicinicasrReciedéanb&ed coaxially to the
high-frequency power source unit 63. RLSA 62 and waveguide 64 are
topormpnisedf oheoppedrplatesi 2 indhaibetéfior of the cylindrical waveguide
tube 66, a coaxial wave guide tube 69 is placed. The coaxial wave guide
tubBI6DSiskiptiddtn ofign aki&etnbér nisdshevelardikay Boifdu&i/eomprises
material, and one end of the tube is connected to nearly the center 14 of

PhaliSlo SRR O 2t thie: RIA 62 BIY I RRdPe TR erEokislothifetitdgce:  Each
iall f fth lindrical ide tub
sléﬁgfﬁalsy ato th'rrelostP Pe(?tur %%Epg .orgégé( {penrclﬁ%alvgvi%\ge? %@ég?&%éﬁ?o?s%ﬂ Ca;r% placed so

OWS a plan view o shown | comprises

thﬁ[t{@ysll%sa@gq'isg%?%ngle Wﬁ%ﬁc&aﬁ%ﬁ{&%ﬁ%&%ﬂgﬁ SADE: FUiele D?ITf[heTIhle length

surfaCe. Each 2a is an almost rectangle perforated trench, and the

arfjRcenhSiRtmR2mprT Macest sodhaltthexmansataddaihanelenwiheashsth of the
other and form an almost letter of T. The length and placement interval of

hiite fstoubReyis Aeiemmanaih afrooidirghiglitfeeyarele pgteofdhece unit 63.
high-frequency wave generating from the high-frequency power source
unitl88. hige- fipgiveine ) upmesr ponkse saritceSugineRlige e rie wanicrdwayexample
of for example 10 2.45GHz at a power of for example 500 to 5kW. The

2 b ave generatdd FForsamelhirfi e qlidhicy pBwvEHESRYRECUFPerated from the

S Ao SRR U RSSO KA unsi

wr%‘?%%%ﬁgéj RhH1RESLQ %eela%%%m% §dn tFﬁrﬁ%%?é&" %%’eeglg'c‘i?\ti%%’l% E?gnsformed

is transferred to the cylindrical waveguide tube ar

frOIRYEe TREMUCHAWRYE: 15 isduther fransteriad inaapreat siaie Byn8eer 67, and
circular waveguide tube 65, and is irradiated from the slot 62a of the

isRlabdebr2d Tbehieragiai@e microwaviddramsrodsitheewinelosy fbde. The microwave
is further transferred in a spread state by the circular waveguide tube 65, and is irradiated
from the slot 62a of the RLSA 62. The irradiated microwave transmits the window 61,
and is infused into the chamber 51.

The interior of the chamber 51 is set at a predetermined vacuum pressure, and mixed
gas of Ar, O, , and H ; is supplied to the interior of the chamber 51, for example at Ar/ O,/
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
an electron temperature of about 0.7 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
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and is infused into the chamber 51. The interior of the chamber 51 is set

at a predetermined vacuum pressure, and mixed gas of At, 02, and H 2 is

supplied to the interior of the chamber 51, for example at At/ Oz/ 20 H 2 =

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.
suMatuS dieasi ke causeNhmeiatway e iidiladisie géremttiepmaainy, Sieésideaenergy

of the RLSA 62, a high-density plasma is generated. Here, activated
bgpeties in the plasmadbstrgel bly thsimgitre W 8462, at Absahe @ctramding with

temperature of about 0.7 to 2eV. In this way, according to the RLSA 62,
easiasither achivatedspesios Yo kAt dtativery Pideidgndingrivel. By In this

an exposure to the generated high-density plasma, an oxidation of the,
wiardrArBacs, AL RS i SO A ey I4HE A radikal i afe Gddfe gt for
C}Palasri%ahpnrlotviq S ener m@é acting to the silicon substrate of the wafer W
durface,and’cttS the’ Si onding with each other. Furthermore, oxygen

(0) digakiorms 5@ PHNG WL Qtel NS IYOrNE S BRER i 1ing bond,

silicon substrate is oxidized, and a silicon oxide fiim of, for 5 example Tnm

ait@ 2apiMzds dey mesheAtthinAima dafiih radiGalpihieh eemrrigafigm H2
bonds with the Si dangling bond, and stabilizes the formed silicon oxide
filmMTandhitm pinoy esottessiii wqiedityis the saitnic ROkagpsginguaip@dssihg device as
same RLSA-type plasma processing device as the oxidation processing

therix R ITh@reRrAtiing procésinghaniittdifigrprocessiliconnit?liéori® Almlon nitride
by nitriding a part of the surface of the silicon oxide film 106, formed in the

il QY ghsed sy Ritik alotherpieriplg B orkisem g i BbmAdCafagaed in the

%%same structure a%ge oxidation processing unit 19 shown in FIG.3.
OXARECHREISHON tH oxidation processing unit 19 is that nitrogen (N2)

P R AR o
processing unit 19 shown in FIG.3. What differs from the oxidation processing unit 19
is that nitrogen (N2) gas is applied instead of oxygen (O,) gas. In the nitriding
processing, a mixed gas of Ar, Ny, and H, is applied at the ratio of, for example, Ar/ Ny/
H,=10:1:1.

The gas applied instead of oxygen may be any gas including nitrogen such as NHs,
N,0, NO, and NO, .

The silicon oxide film (SiO, film) formed on the surface of the wafer W by the
plasma processing of the nitride processing 20, according to the action of the activated Ar
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.

The CVD unit 21 forms a high-permittivity film 108, here a tantalum oxide (Ta,Os)

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.
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H2=10:1:1. The gas applied instead of oxygen may be any gas including
nitrogen such as NH3, N20, NO, and NO2 . The silicon oxide film (SiO2
film) formed on the surface of the wafer W by the 20 plasma processing
of the nitride processing 20, according to the action of the activated Ar
radical, the Si-O bonding is cut. Furthermore, by the nitrogen (N) radical,
generated from a gas containing nitroéén, bonding with this dissociated
Si, AsSihyvhe e @SN eiated/DimibhiS Waympass ah tiensuiiagemafitae chamber 70.
silicon oxide film is nitrided, and a silicon nitride (SiN) film 107 of 0.5nm to
Tho oh ignforn s 251 TheuGM O aonipRiteid oh slarhigimper inittivitgefilar ©08)enetterior of
a tantalum oxide (Ta205) film, on the surface of the wafer W, wherein the
theighaebes Bsaifits ssriarrid f@Ltonapky the thei N afivh Wo m iBrfordrsd. FIG.6
shows a plan structure_ of the CVD unit 21. 16 As shown in FIG.6, the

CVBILHIE 2PRSis L 4 ABNeEy ituichooiigg: /7 HBs RLMesrosuPPlY
h{JL (0% £xamule somprisad of aluminun, n the cepter pf the Jiterior of, the 5

er /0, a suscepto or conserving the wafer W, 1S pro

coRfictRREIPREE OLIHG GHAIMPFS 702 shRwETRead,d %&ﬁ}{@@@'wa&iﬂﬁg\%aed to the

supply 5 holes 72, is provided so that it opposes the susceptor 71.

pIKREEIHSIREGApSyARIY. line is connected to the showerhead 73. A
processing gas source 74 is connected to the processing gas supply line.

In thislexamplelwheiera 4 &205 film is being formel],tHeepproeaasinghgasmprises,

comprises, for example, organic tantalum gas which is heat-vaporized to
foroexa@mpleoorartor totevampte, pbith-ethiusap-raptaiaed gasl@ C to 200°C, for

(OC2H5)5) and nitrogen gas which includes oxiding gas and moisture,
e%%piﬁadﬁ%agf‘ée%ﬁaeé&ﬁ'@a g5, fdreidmbledrgdf gigossheps Which includes

rocessing gas are bonded just before or in advance, and
oYl §

lied int
i S Ko SIS AT OASHNS SB5UAS N St e (T (RS DRIG dfon €as.
TBQE%‘&BJ&%QQ%%J5’1‘%'365‘19&88 ]th 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.

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
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
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,
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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 {de interior of the chamber 70 is

fopreamglestosed; and bguthis, a uniformity in pressure in the chamber 70
can be gained. Furthermore, the buffer tank 78 is connected to the

exHow shdinele Tl exhibeishiimbecdine otsntbearvrecunleti pulenia ts. panddedtst
a predetermined pressure in the interior of the chamber 70, for example
aproNEREal Y thegamesighbaidhe thiscspieie plor Thedmeerineimstaitlet 82 is

made of quartz etc., through 25 window 79, is placed. In the heating room

C%Weﬁiﬁ?éPHE%ﬁﬁﬁ)%ﬁﬁg‘@aéﬁéﬁ%Hé tﬁH?Bé’éﬁhl%ﬁ?&‘sV&léep?réwd 198 fhe gate
vtpvec? Eilglg of Eﬁg rr]enas e 1n 1?/(5) %1 ftﬁlreo ?e\rlqug\év Zr?édt(g] %ﬁu%ﬁg EE%’BE
erior of rﬁber 7 SjIS Sel’at a predetermined témperature,
C&Leggnggggg@gl%soo C to 600 C. On the side wall of the chamber 70, a
tranSferring inlet/outlet 82 is provided at approximately the same height

as thersuseentnfbdndd aiisnstesting nletiautied 820y sprnesieshin theried out

second conveyance room 16 through the gate valve 24. When the gate 5
foralvenBdsopen nthe teansfe fiong i mioplt of il waife (A isy damg@ 00t Bitm) 108 of

the second conveyance system 25. In the aforementioned structure of the
lovp 2o is Ormdcesshily ilentiddooteddryekamistal éopramgsyiirites,

and for example a high-permittivity film (Ta205 film) 108 of Inm to 20nm is

forrhBEBRINES| |N1ﬁ|§r? Poy sbpe dhsypine ﬁifﬂa@rﬁr%égesﬂ%gd%mﬁ@wssmg unit.

| 2h | tth Al t th jdat
g R A e R

B ST IR
NIRIR) QLIRS ARG eiAsBHehietheamsiAllS, included in the metallic
insulation film 108, and oxygen plasma reacts, and eliminates as for example CO and
CO,. By this, a high-quality high-permittivity film 108 wherein the carbon content 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.

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
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
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insulation film 108, and oxygen plasma reacts, and eliminates as for
example CO and 15 CO2. By this, a high-quality high-permittivity film 108
wherein the carbon content 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 t}@reducing the oxygen gas ratio.
FR®.J he spare unit 23 is a multi-purpose unit that is applicable as another
processing unit, for example, as a heating processing unit. To improve
thelthreougiiput B thehvblasleg fofmimgdsystame g ofl {Reagdte soswategi@adhl, are
above-mentioned unit 17 to 22 may be provided. Furthermore, the
pispieer of Bpere s W3 necamimed s bHEo dhricshipaic nits predetomnied
provided. The forming method of a gate insulator 104 applying the

NURBERS: (R fEGHBCSHH BT BIARROHBHSH AT DS ot SraHR s S dbdrthe

104 Will e d(ﬁcribed below, referring to 18 FIG.2. First, wafers W each
cassette sta %Ol’l . . . .
aving a tormed drain region 102 and a source region 103, are prepared.

These WRARISEyafe AGRemMadaied SHaARS,GRSSRIE SmithRiGEeISH DR

numbers, for example every 25, and mounted on the cassette mounting

cdaele- 13 ehdhadusassattaistationHlofRaditst ZONVEVENCR-SYSEINck Rnit 17a is

takes out the wafer W from the interior of the cassette C, and mounts it
clinsidleniidenl oadtldoksunit prasiiean stheasldadstack dininl/égaisccctosad] @ndlfter that,
almost the same pressure is set as the second conveyance room 16. After
thehaatetie raléd radped. ignshdredcembctny epumed xiemeladesystéhy 2afer W
takes out the wafer W 10 from the load lock unit 17a. The second
frephihsyeA dogkitds trinsfers in the wafer W to the etching unit 18, and

moypts It on fhe mounting e 28, The, (e Gale XANE 74 R50eiPTE ana
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
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
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
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
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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 N2,

H2, and NF 3, is carried out. By this, the native oxide film (SiO2 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 stabi@ film is formed. After the etching
theRESSSInGetpRInte pesebdhi atshirgdimt d8iik sebaisaingesstle. 2By this, a

almost the same as the conveyance room 16. Subsequently, the gate
siliabreo4ddis dgenexhmahe thie welOniiisttnamstematicowt Gicthef ehehinigamsubstrate

18 by the second conveyance system 25. The wafer W is subsequently
1&knt 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

probdsEitly anifaderaGe g AhS PRM 2iEheIoRItF, Rifgessme unit 191s set at

alglrgéj[ ermined pressure.in the incfferior of the oxidatl%n PLRS

same ﬂg sure as the secon COl’lVC?’&l’lCC I‘tOOl'Il. C%?Sﬁ'{ngﬁ_‘ll_](t?ﬁ 9
IS set. The oxidation processing or a surtace or a silicon substrate , IS

&AL QURY LSS the RESH HRS RIBSWAPIRCHRRING AP VIRSICHRS B%IF€ Then,

processing unit 19. By this, a silicon oxide of for example 1 nm t0 20nm is

thiosned A0the susfraeDhitEIRiGaRPWSiraiR s APl bHBQxE@IRM

processing, the interior of the oxide processing unit 19 is set at 5 almost
pithe samga: piteES bsetlas dtvesd condegamveyanaa pSom AfbeNixty e S€dond
conveyance room 25 transfers in the wafer W to the interior of the etching
trgmiferTedm, the gyt viakeLis Bopdnoy hadnise ealcthywnis idarseaeedsing unit
out of the oxidation processing unit 19 by the second conveyance system
20k Kiah amEeARifEMNSS P ferred in, the gate valve 24 is closed, and

B e B eesana 00 5 S AR
th%qg'L@& %ﬁgsgaowoggssing device, in the nitriding processing unit 20. By this, the
surface of the silicon oxide film is nitrided. By this, a part of the silicon oxide film, a
silicon nitride film 107 of for example 0.5nm to 6nm is formed.

After the nitriding processing, the interior of the nitriding processing unit 20 is set at
almost the same pressure as the second conveyance room 25. Then, the gate valve 24 is
opened, and the wafer W is transferred out of the nitriding processing unit 20 by the
second conveyance system 25. Next, the second conveyance system 25 transfers in the
wafer W into the interior of the CVD unit 21.  After the transferring in of the wafer W,
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.

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 RLSA plasma processing device, in the nitriding processing unit 20.
By this, the surface of the silicon oxide film is nitrided. By this, a part of
the silicon oxide film, a silicon nitride film 107 of for example 0.5nm to
6nm is formed. 15 After the nitriding processing, the interior of the nitriding
processing unit 20 is set at almost the same pressure as the second
conveyance room 25. Then, the gate VAlve 24 is opened, and the wafer
syileis zansiEead ek efdhe dutiding @ ogassirs waikZebihthe S e into the
conveyance system 25. Next, the second conveyance system 25 transfers
inietiioe ofvdieaheritog neiirieriordfethbdaxaDsteriti 24 inAdfehthe afamdfetiningaia valve
of the wafer W, 20 the gate valve 24 is closed, and the interior of the CVD
24 Hitchoned seddhg Wietatarniisednepbiasuralt AhisFebel mpdejcimned presyure.
example a tantalum oxide film is formed on the _silicon nitride film 107 by

the/ VB NSREFSSIAR PO AAhS R high PRSMARRAL STt 49458 1s
loimed At arhickesy of far.examale Inm t%o"ﬁ‘a 2RI e GV Ry veen gas
P processing,ht &interior G theeb 'l if“ﬁ iIS'seta aB’feaetermi%\éa yeen g

plﬁéﬁ%ﬁr%@%ﬁﬂ%iﬁe{g]ﬁﬁﬁim%ﬁﬁﬁﬂﬁq(Yé?%\ﬁ%ytﬂ@%%%% Gn [REAIINR

gate valve 24 is opened, and wafer W is transferred out of the CVD unit
clzhikyiéhe second conveyance 20 system 25. Next, the second
conveyance system 25 transfers in the wafer W into the interior of the
anneading ¢ min22li i terotiessiran she rimngrior of the aviate i, iha gaie s@lweabout the
24 is closed, and the interior of the annealing unit 22 is set at a
sape retss s ipr sseernd canyrsalng povessind hppliingarevrRIve Adtypepened,
plasma processing device is 5 performed to the wafer W, in the annealing

anththo v afgsmely Bl ierefRrbLY Juncgas gl 12 byghssaced conveyance
high- ittivity film 108, and th b C).in the film is eliminated, .
YR 3o MR R S TR SR T T R ST e S5 1 dp the
1031&%9%&*&61ﬁoam?xﬁé?%ﬁgﬁaﬁ%fgfﬁ riﬁ'&féf%@&‘\ﬁ%@%%o&m §4Tﬁﬁ§seed, and

e gate valve 24 Is opene e wafer W is transferred out o
tHRIRRHIND L ZAPYoELSRCONSi SQRVAYARIR! the same pressure as the first reaction

room.

Then, the first conveyance system 15 transfers out the wafer W from the load lock
unit 17 b, and accommodates them in the cassette C on the cassette mounting table 13.
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.

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
eliminate the native oxide (Si0O;) 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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system 25. Then, the second conveyance system 25 transfers in the wafer

W into the load lock unit 17b. After the wafer W is transferred in, the gate

valve 24 is closed, and the interior of the load lock unit 17b is set at

almost the same pressure as the first reaction room. 15 Then, the first

conveyance system 15 transfers out the wafer W from the load lock unit

17 b, and accommodates them in the ddssette C on the cassette mounting
fitabledrdhinbheHiptmisthreces$inh sbgatkinsv latied filio:lid, GompebiRg a

silicon oxide 106, a silicon nitride film 107, and a high-permittivity film 108

is doripietedein dhiotbvebodniioneth protessuiti0 Bhis preadnd inudritionative

is not limited to the aforementioned embodiments, and various
oxisaifleansriBeamalagsont itomafardpas siringisd. mblifeagsrasiat Riaegyiding

be applied in_ the aforementioned embodiment of the present invention

o fiF bR geeiiibbd smwrerwéngwe{a?eyo%eﬁ%%wm apfileHisRR oxide film

(nati orer(pxel tl ne(glto a tl’t |851 1 lgn oxide tam, {?6 o tg i Slt ucturer(r)ncggsm
Be6 any S Ion Hie structirecan e ve1y5é SIMInate Hhe £

uﬁl@ti¥$8§§%? (Si02) 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

anykind ASlenen@sniédRHINRA, b 2ide TatuBrmsideiiveeidheniNe film
film. Furthermore, a structure 21 fit for forming a high-permittivity film,

fdvesidesrtioestamtatunh thxigendslipegsibdesdin ghie afoietnantiorspectively in the
embodiment, an etching unit 18 is provided, and the native oxide film on
oxfrdadomfatecefsing walfd Vi tisdenigrinetessiMomen}, andterieali g aviding
an etching unit 18, a structure which directly reforms a low quality silicon
HERBEEFM BN BA BRI )b %?meﬁlah Y iksmBlid SaRUNGahpEas

the oxidation ocessm uni In the aforementone

i Ron O G ad T e TR B croip it R nstri i different unis,
d out tivel th
freﬁ?glgtlon : ang 5@?11?5\51%%%&{3%@({3&9%?@ is carried out respectively in the

oxi ocessing un nitriding ‘processing unit 20, and annealing
Unif2he 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
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
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.

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 0.8 GHz to 20GHz.
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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 gxidation processing unit 19,
nitriding processing unit 20, and anneaﬁﬁwg unit 22, is 15 comprised of

coppey platppieda oxeanioal the condeyance loastafithre diictvavesii@tioned

materials that comprise the RLSA 62 and the waveguide 64, may be
ghighiverenitthpty ikte@dipAYCoflooateldl stainkash stedt, AlsoK thenditdctiory be

of the feed port to the circular waveguide 64, may be a direction wherein
apRbeghicrbWagEds suppieed Perdnaragedn Wepidmessifepcadndrioriratieely cut the

T-branch or 20 in_a direction parallel to a tangent, or a direction wherein

bondingsldiadids LU pretFIf AIRPRY N H-plane, such as an E plane
T-byanch, as lor \%m r%h%nmc'gr?wa"e 'Sasesﬁ t"’?\ﬁf“ﬂ‘%e

élg be

microwave conveyance space, in therRtenor of the circular Wave@w

aﬁfheﬁl{{égﬁgpﬂre 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,

USINGLRBRIEF QYR RinEAYRIeRDEN 4 2@H 418 Hig-deRsteMagmMadSimited to the
generated. However, it is not limited to this, and the microwave frequency

afoaentmtichos eatiaaCartNpgl), ) irim thke 0dnpe ofdf&Gkimipl2 dtd-thuddardeeratio of
gas applied to oxidation and nitriding etc., is not limited to the
Naf&raniéntionebeghonfest wepeapieirsteathogairabPhoble gdisghemase,
Xe, Ne, Kr, and Hr may be applied. However, to control the damage to
refE G ulshiiRRs W%@&%Mﬁ%&?%fﬁ%ﬁlﬁ@dd?ﬂ%@wsﬁ% etc., is not

B R PR s Ferage s e =
e e

abyRRNGR FatRRfoned embodiment, the annealing unit 22 eliminates the carbon in
the high-permittivity film using the RLSA-type plasma processing device, but a structure
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
the oxidation processing unit 19 is changed. For example, if a silicon nitride (SiN) 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.

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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N2 (02), H2, 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-pern‘?i%tivity film using the RLSA-type
CMBséna, piegessingidevicthibuie stieSNgi lhbfomitingythe RIrsalng wait
22 is possible. Of course, it is needless to say that a structure comprising
fuatamyealinglomib&2 fovmssahm peadigh cqualitpn fitmtién therafior eate mliomede
embodiment, the film in the bottom layer of the stacking gate insulator
(Ppbyr1y hadiineonil skt ive sOB-ButibsHAE be a film containing silicon such
as a silicon nitride film qr a silicon oxide-nitride film. In_this case, the kind
of g}ﬁst e ﬂﬁ%f’r‘i’é”b‘?gdHiﬂﬂ‘?’pltgﬁe§§FﬁgeﬂﬁﬁFf’E§elslmaﬁ§e@eFMISFET 100, is

xam |I|con |de iN) fil oing to befo me nitr
TR B SRR Ot Nl e SR ey be

c éﬂggg st Arne ef}lmglge a structure further adding nitrogen gas. 25
Indu

strial Appl|cab|I|ty In the aforementioned embodiment, an inorganic

(metathseifee s @ibigia Raipadiivitn: fithe 18 Wasuapeligd4 REWRYEISHEET 100 is
films comprised of SiC, SiN, etc., formed by 23 CVD etc., maybe used. In

fahiedase]dvevsilifilnriarinaddiytthédiR LSA plaspoasitiactiapplasia fibmihat of the
prevents the penetration of impurities from the gate electrode
gqsonsrpsealimthsinmsahtontivataiicdn ehbstereermstivh ajorEasbrmomedy-
mode, the gate electrode 105 of the MISFET 100, is 5 comprised of
po@érﬁﬁ%mmedsﬂm? HEEHEE 10RO PRRARRI Y SR Y fomyipg method and a

OSSRy L o s s enppieped gpbodmen: e
to t@'&m&% eﬁl%ﬁgﬁgﬁ% AN %HEA%&P%&?’%%B@ mgreunto 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.
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
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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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 emboditent is intended to illustrate the
present invention, not to limit the scopa m¥ighe 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

regardetPrabe inahedebperticulsiesepmipiieRgon. This application is

based on Japanese Patent Application No. 2001-260179 filed on 20 |
August 29, 2%)6‘11%%%9&8%be‘é‘B?ﬁc%H?&ﬁ§scfafrﬁ§%ﬁ&§8’ﬁ8“de film (106)
summargi.l Thefa%lesglols(ynre fog Elaclecgltl)cs)vgsgrapaq?) Patent Application is

incorr?gr ed herein By referenice in s eritre y. 4 CLAIMS 1. A forming

method of a gaie ISHIRLAE FAMPOIHL. BRUICRTEXGRHIE {QATU0R RIAGESm

for forming a silicon oxide film (106) 5 on the surface region of a silicon

substiatg (48 Wheasiticenitod e filndfarsing Peecestiiar iosninga silicon
nitride film (107) on the surface region of said silicon oxide film (106); and

a forming pradessiiiog fooeusigfer highrpermittebityeiitnit(O§) filibh( B0Bigkeh a higher
permittivity than said silicon oxide film (106) on said silicon nitride film

(107) permifhate ihasasitd bxislé dilmofoida o H¥esencemdprises afgrdaifigm (107);
method for forming said silicon oxide film (106) on the surface region of

said siRGRBubstrate (101) by exposing the surface of said silicon

substrate a%%?dtgxei el?ﬁnng ?(’)1%%?1?8}596@/ 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, 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,
generated by irradiating microwave from a plane antenna having plural slits, to a

nitride containing gas.

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 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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irradiating microwave from a plane antenna having plural slits, to an
oxygen 15 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, generated by irradiating microwave
from a plane antenna having plural int%,Sto a 20 nitride containing gas. 2.

3.The fampingmigthadind@ FatednsiHaibiaceaishiig dacctriiml, whateinssridxide
oxide film forming process includes a process for reforming the oxide film
alreadiimefostimgegnaaid siliopn subspratesbioexppsintgtihe surfaceobfsalidilicon
silicon substrate 25 to a plasma, generated by irradiating microwave, from
a plartehsHEamnd anrreepiial STdizip LMo sydace el gaihsilizgn gubstrate,
The forming method of a gate insulator according to claim 1, wherein said
oxide TITFRIFRIIAG MoTaRS e Hplase O Lspid SHO RO B [5BSiAY ARE S ttaRenerated
of saislicon, sUbstials, And apracess fonoxidizng he Surface 0N Sl sen
said siicon suf)sﬁé?e, %y subjec iné) e expose SUnade ot <ald sifiéon™s
substiate o ma, generated 5 by irradiating microwave from a plane
antenna having plural slits, to an oxygen containing gas. 4. The forming
method of a gate insulator according to claim 1, wherein said nitride film
forming process comprises a process for nitriding the surface region of

4said TQestheonmngiirickddim by xposingtthecuiidiog of shidsiljcaremxidaid nitride
film to a plasma, generated by irradiating microwave from a plane antenna
havin§pidrahsiing procesnitpogaiseonrtiriag desnisiding foersingan e of said
a gate insulator according to claim 1, wherein said 15 permittivity film is
compHissanoritidelite hecrparitbhpowdnic é?ﬁéaF&rEHé?OWéﬁfeglgl to a plasma,
permlétel\ﬂg}/awglbr)(/e{%rargfggngrglgcer%%l;%rerﬁg%rgl Bgaﬁea Iadn e%ga? tg¥{£¥gfgmral 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
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.

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
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by exposing the surface of said permittivity film to a plasma, generated by
irradiating microwave from a plane antenna having plural slits, to an
oxygen containing gas. 20 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. 25 7. The forminng method of a gate insulator

accorglingitorichaimrhinhpreisssaid 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 26 nitride film

forming process. 8. The forming method of a gate insulator according to
8.claim Thexlrerang sasthgd o cosalsrissslariciscerdimere ¢midg Wherabusatdagas

gate insulator according to claim 1, wherein said insulation film comprises

a gat&THUIAES P U MISFET. 10. An insulation film forming system

comprising: 10 an oxide film forming unit (19) for forming a silicon oxide

film on the surface region of a silicon substrate; a nitride film forming unit

9.(20) fef fofsping AsUliROA &téig}&‘t@'fﬁbﬁ’f_&tﬂ}eac%ﬁﬁ'ﬁ (AN S EIHCORy

oxide film; and a permittivity film forming unit (21) for forming a permittivity

film of gufdeibioiien BeRpHtvity, dhannthig.siican widefim, on said silicon
nitride film; wherein: 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
10. An insulation film forming system comprising:
an oxide film forming unit (19) for forming a silicon oxide film on the
surface region of a silicon substrate;
a nitride film forming unit (20) for forming a silicon nitride film on the
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:
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 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 substrate
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a plasma, generated by irradiating microwave from a plane antenna (62)
having 20 plural slits, to an oxygen containing gas; and said nitride film
forming unit (20) forms a silicon nitride film on the surface 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 contai|7ri719 gas. 25 11. The insulation film
forming syptemateaigingdo ClaimsiisonRersiraaid Oxidenfilveteimintby
unit reforms the oxide film already existing on said silicon substrate 27 by
exposimglthengurfacevohsaithsilicphusubsiraie taangigdmal, gendradedlyzen
irradiating microwave from a plane antenna having plural slits, to an
oXygeiNEBRtBENSAG gas. 5 12. The insulation film forming system
according to claim 10, wherein said oxide film forming unit exposes the
surface of said silicon substrate, and oxidizes the surface region of said
i3licoq subsipte by gxppsing ine surface of said sllicon HIBHAIE 08 oiqe
plasma, genera*e %y iradiating microwave from & p’lane antenna snavmg
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system according to claim 10, wherein said nitride film forming unit
nitridegfhecsiedrseoRaidNnRicoaisusiican BriseHlmOmeXpasRbARSd silicon
surface of said silicon oxide film to a plasma, generated by irradiating
microwhyedroto aplane andenme dayiingaplutialsiitis iowavitfagern plane antenna
containing gas. 15 14. The insulation film forming system according to
claimhayingr@lrein Jaid tpenmittigiy fimtasnsatrgaised mainly of metal, and
further comprises a permittivity film reforming unit for reforming said
permittivity film, by exposing

13. The insulation film forming system according to claim 10, wherein said nitride
film forming unit nitrides the surface region of said silicon oxide film by exposing
the surface of said silicon oxide film to a plasma, generated by irradiating

microwave from a plane antenna having plural slits to a nitrogen 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

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 oxide

film forming unit forms said silicon oxide film of a thickness from 1nm to 20nm,



the surface of said permittivity film to a plasma, generated by irradiating
20 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. 25 16. The
insulation film forming system accordir?égto claim 10, wherein said oxide
film faindieg dnit-foermisns aigsiligam@idenfilsni ohataickness femckil feom
20nm, 28 and said nitride film forming unit forms said nitride film of a
thickr®§srfreorbrGrtbnm to 6nm. 17. The insulation film forming system
according to claim 10, wherein said gas 5 comprises argon. 18. The
insulation film forming system according to claim 10, wherein said gate

insulation film comprises a gate insulator of a MISFET. . .
17. The insulation film forming system according to claim 10, wherein said gas

comprises argon.

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

insulation film comprises a gate insulator of a MISFET.



