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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 semiconductor integrated circulits is
advancing. With the miniaturizatioﬁ%(éﬁmgmgss of a gate insulator is
demanded to be extremal fif R RGARPYL ALOUPIRNANGMAIRTS.
Generally, silicon oxide (Sion) film, which 1S formed by 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 cleednaldrielgpenetration of impurities from

the gate electrode of the MISFET. To control the jncrease and so forth of the.
o B e RO S e ato P STl P S T e e

hig?g@ﬁ%ﬁggjyigﬂrﬁlmjgh-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 insulat@a¢Maysiadl Ahickness is secured to a

certain extent, and Equivalent Oxide Thickness (EOT) is kept low. Here, the
EOT isWitkohoehiel idgaeigmhanthiplehasinstirietinn of thenvspisistor integrated
permittivity ¢ and.effective film thickness t, tq .the thickness.o elative .
ettty e e Ot M (Ra e S e Ul AL S it
(FRPMRT) 28 fREMipginsineebef ARiacking cgﬁiﬁt!;n%'a&%;ﬁ{%mging avith the
silicon nitride film (SIN film) as a high-permittivity film has been disclosed in
thenhirexamived tlagariesssRd te pitedipplication kAt Pulllicatiormely thin, being
N0.2000-294550. The insulated gate formed by the

about a couple nanometers.

Generally, silicon oxide (Siop) 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/€), 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 5by CVD. When an RLSA- type
plasmaé)roces& dewce is applied, a more high-quality film with less

daPg oY bBsEoserbried e otHPERSEL B BNy RIFHST by HIEUASS Afsdlirect silicon
begaysshadlmforming B&?&@%ﬁ}ﬁ%raﬁ’ Rling he Rl Rlasmp tB[&&%?E"BQ one

is conducted in a relatively low temperature (250'- 450) the damage of the

filmaguriace s desreaptdnkOcompal gtlda sihgrdelasmiadnionessimgdin thise Slot
way, films formed by applying the RSLA-type plasma processing is high in
qualtynenéRafdfe. andeatifgfimafhigtediemperbiureneareitio on 100 OXidenwtride film
nece and diffusion of dopant can be prevented. Here, the

> afdde ?s%?ﬂéyloned stacking gate insulator applies the SiN film as the

high-p iyit \ il t
thoretoreie L T aF e QIR e 6 B Aot L /o) o it

effettive dilresthiekglegsbdadesttorthdd, vohgatteSidfifoimappliad; VinereAssa,
limit to securing a sufficiently thick physical film thickness, and gaining a

subfeRBEYHENTANE DML AReskesiie 1BPIE & S0 RAS dPIRTRIMEABS. ingmcted
when inprganic insulation f|Im Lth er re t|ve ermittj fo
1mn ar fé)ltgl' p(iOW tem eratttrre ng ttIVet ali]il%g {rﬁ P{IIYSU ace &gfcreaaﬁd

exampre, alurminum oxide ve perm zirconium oxi

haé@fHHﬂr@d“@%ﬁ%@pﬁfs@n@Wm B EQIiabeu Gild (et dimpsijhe affective

film thickness can be gained. As aforementioned, by applylng an inorganic
higtSpharmiitipitys filnpreceeque ste iy atquirisyl dtore frawingdhién peigud s thd
permittivity can be gained. However, if an 25 organic high-permittivity film is
dirEEIRFIHITed! BPHBttHg)glhéﬁ)H%?F&éSFﬁFﬁ ?ﬂédé‘% ERPHMF AheF thrg vented.

orgi;{anlc fl o Vg (l)r%%l%% i hed aC&%ElngyéQtlg mseuE‘[ng aE)pPes 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.



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 high, reliability declines, such as the occurrence of 5 the
leakage current increasing. In this way, hitherto, it was difficult to generate a

highly f&RESEG4RE HEGIBTBHOREYiAG e BIHHSBREBRYSTEA! tHIEkARSS Y a
SUfERAIRG B ST RIGIORIE Ol YRIUORJAS. ARIESLOLDE PIGRE!

invention is to provide a forming method and forming 10 system for
insyyl@ion. filBy inivyimeFornhig My igliablieivisutationdilmesanddeppragiyoed. To
achieve the object, the forming method according to a first aspect of the
présden. invEhtivhceriptsestatsiibeh.arlubifihdRsimpigs peb ee g ferctorenisgpt
a sjlicon oxide film on the, surface region of a silicon substrate; 15 a silicon

 nithGeiREforRRY BISE&4&or forming a silicon nitride film on the surface
region Qf {he\afpremeRtored SisanPXde flpte anfom AR RIRCERSIIRS:

forming a permittivity film with a higher permittivity than the silicon oxide film
onhthénaforarfieirtiopiedisilichiaknisicendilnuioesiain thaORO& aforementioned
oxide film forming process comprises a forming method for forming the
silicon oxide film on the surfaEBseRsisn of tsdnEf8rEmentioned silicon

substrate by subjecting the surface of said silicon subftrate to atpl
eg é) { '[kie resent invention 1s to metno

sm :
genera yifradiating mictowave from a pPéOn‘(’aldaen{f‘er?ﬁIénH%vmg p u?gf?sfﬂfg}mg

100 aRiXYGEMEARRINNG Jasyiand 2 he AfMemsRtianss mitrids flmfaming
process comprises a forming
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;
15 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:
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



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. Itis preferable that the aforementioged oxide film forming process
includes a process for reforming the oxide film already existing on the

aforeméHffd’rﬁ‘éH“élﬁié‘éW ¥ §&6§W§‘teg,%§r§ﬁﬂj2‘éffﬁ§dm8‘§ﬁ?f8@é§ 6‘fetfﬁ_ré’r_n aplane
aff)remea'ﬁt'eql'ﬁﬁ%ﬂllgglﬁﬁpﬁﬁé% EOnﬂIPJQ%B?l%&SIg‘gJQted by irradiating

microwave, from a plane antenna having plural slitS, to an oxygen containing

gas. Itisipfeéesable dhatiberaferementoderdioriderfimifigrrroes PIALess a
comprises a process for exposing the surface of the aforementioned silicon
subsieatelaneferpreg hesofade Thnpslisdhgthéndefade pégmentioned silicon
aforementioned silicon substrate, by subjecting the exposed surface of said
SR Gl SHL 5 B Aty PR G SRR o o
PlanGANLAHIARRNING PRI, 1, AM PryAeh RARIAINALL fsal kiR PI5 R able
that the aforementionéd nitride film forming process comprises a process for
nitoickaentbensifageaegion of the aforementioned silicon oxide film, by 15
subjecting the surface of the aforementioned silicon oxide film to a plasma,

generatett BYiorrb AbiMahmdpsRnens FrsfraiftH e APRBHIPFEOH G PIUFATCSIfts,

to a nitrogen containigg 19518' T?ehaquementione Hermitt'vit film i
TOCESS d)l‘ ?)%HO%IHIgt ﬁ ace.of the atorementionedq s ICO],’F Sl{ strate, an agrocess fOl‘
comprised of metalFas the main component, and may further comprise a

10 IOeBEHHfJ:Yﬁ%’tﬁ%dﬁi@é@@gﬂpﬁﬁsﬁof%éﬁfmr@h% dhafrementinnetls the
permittivity film by subjecting the surface of the permittivity film to a plasma,

gengraketsinfaccadistid giliciorowairetfrom plplancantendahavadi pigraisitsave
to an oxygen containing gas. In the aforementioned oxide film forming
prétEs 8 RHBCSHIESROIEFiRHITE! i &am 0% BSRERABBE BEIARR-20nm, and in

the nitr.igles ?)Irrg:}efglti) ei ﬂgatotil%ca%cs)rse’ntlgr?tiggggrelitfrqgé if'ﬁm 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 1nm~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.
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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 regti)on of a silicon substrate; 5 a nitride film

forming BTG O ASIITAPIGE it BRI RS LEMAL T PHED
silicon, giioe, i 2l A BRI, Al Qrming.l forfQEming & permittivity

film of a higher relative permittivity, than the silicon oxide film, on the
aforemeintigiaedisiicaminitisie iinforhinyheeianthadexita Sinthtormaing wion of
forms a silicon oxide film on the surface region of the silicon substrate, by
expodieR) th@ssiface of the silicon substrate to a plasma, generated by
irradiating micr, Wag\ée from a Iﬂane antenna.hav:ﬁrllll? .glu. | slits, to an oxygen

it tor

containtrf i AR dPTB s Ritricfe Fim 8 ihiifiged WS n nitride film
ongthe surfage reaierintine siicamoxide film, by exposing the surface of the

silicon oxide film to a plasma, generated by irradiating microwave from a

plane antepuaidvipdgipiukahshiisuia sorfiirogengentdiing gas.df is preferable

that the oxide film forming unit reforms the oxide film, already 20 existing on

thdigiiioR! sitssbeara thijtaxbasihg tHis uetdde Bmn shrcdArempatienedigligon

plasm #ﬂsnerated by irradiating microwave from a plane antenna having
slits

pldlr%tr Mo an oxygen containing gas. It is preferable that the oxide film

forming unit expasgsthe surface of the silicon

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 expqging the surface of the silicon oxide
film to a plasma, generated by irradiatiga microwave from a plane antenna

haViig bIUYAF SiHtE b Fwr e ShRating Yalbe THE BtV Mmnk eBmprssyed
0! BYSIRLAR S MA CRARANG B, AN IRY RIS AATRLRE AREIE MR

film“reforming unit for reforming the permittivity by exposing the surface

of the permittivity film to a plasma, generated by irradiating microwave from
a plane antenna having plural slits. The oxide film forming unit forms the
silicon okidedimitarisythlokisesmpfierholong@hen enbaine epeRefilrAd Malng

unijt forms the nitride film_ of a thickness. of 0.5nm to. 10.6nm. It is preferahle
A e e e R i A

g, GOMIRY 8eS a8 AnRHRken Al Ry MIRRE 1 piRe! Resclipiign o Br@wings

15 These objects and other objects and advantages of the présent invention
withbecaave froore @ppeastehnphdy fieaplingl ofithe following detailed description
and the accompanying drawings in which: FIG.1 is a diagram showing the

structurd st QigatBIh o e, Wethriam dhtostheonemnisis dithestt iR peele Hm to

invgption: 20.£15:2 s Adiagram shoind the siruptiuse of 8 forming system, of
thé gateé insulator, according to’the embodiment of the present invention,
FlGaa.is a diagram showing the structure of an etching unit, according 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

embodifiéh? ST SR I HERG SHUR & dest ey rafarrHig s e
drawing&hg&ﬁﬂl@ﬁpj)qtjggpfg@nf%%%qo%gcording to the embodiment of the

present invention, comprises a gate insulator 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 tHResiiiedeorGryry BRdAUNg By eiliton substrate 101, a

gate insulator 104 formed an the surface region (channel region) of the
Chicon LbATARM e T o A BN URr THG 58 GFaTIAgIRCHpg" he
ang SQHFER ERAINN 8. AL eaierelRRYRAG. HAR RENed on the gate
insulator 104. Drain region 102 and source region 103, are 15 respectively
connedirel iiedatikai Ifile dtioote] ancbshingoe eleclroad;saimpfigiag@dhShiehtion,
100. Silicon substrate 101, drain region 102 and source region 103,

reSPEGvENy nea{F HesWppbsite AIaal dtivityteypresniomdnel «ilidsls Jiffrs dtgansistor

1%]1\/{@@&? %gtwvylel%q:@e drain region 102 and source region 103, the gate
electrdde 10598 provi e‘cli'via the gate insulator 104. The gate electrode 20

105 is gempiweshafieolyaiystalinfilicapiResi) i oalsieieeirad®ddRd source
comprises the MISFET 100, and when the gate threshold voltage is applied

to theaate3eiechosiefi@breaichainme Neypesitarmmedionadiae 8 urfagaeoimtuator 104

silicon substrate 101 under the l%yslte insulator 104, and the source and the
drdige ebrihestafpce 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 (SiO2film) 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 thg silicon substrate 101, wherein a
plasma processing device having a Radial Line Slot Antenna (RLSA) is

apPIif e FRERiG eo%zkf@rnﬁﬁbi@%ﬁg,%rv@%ﬁwlma@?ﬁs&%ﬁieﬁw)ggéwovﬁng u
0.%0M,{9 hd & A&l c&igrigg filn 1075 stacked,on. the,siligan %igyamFle,

film 106. The silicon 5 nitride film 107 is formed by the nitriding processing o

thessilicomoexisiexikss 106.5anppkwng the RLSA type plasma processing device.
The silicon nitride film 107 is, for example, formed in a thickness of 0.5 nm to
6 nm. The Higlerpadivity filld 1084ekpfheedhbeihiemnotidestiioonitriddilsicon
107 and the e electrode 105. The high-permittivity film 108 is comprised

of AR G kel TOiAEHATE, B G RTS8 8, YLD R 106
iGnigng BOR:INGBOBRENIBAN MBS TOHIG (A FHRVBIRIGH is. or
thickness of 1 nm to 20nm by CVD (Chemical Vapor Deposition). Here, the

high4pgneittisitydilim shaukalsskosfa Blmh@vdrgna higher dielectric constant than
that of the silicon oxide film (about 4). Next, the forming method of the

above-Rhemigheergaty insiiab P orwm beetyseadse ibsanefbifinglp tAé and the
drawings. FIG. ows the. compositian of a fopming system 10.0of a gate
AR g to R STBEA Ao e GCA THGRHOH, AS SibiuATei)

FlGide iR forpnng Mﬁ;mféﬁ)gfﬁl;@sga@dnsn@g5@%&56?&%3%?&%mvuy
station 11, and a processing station 12. The cassette station 11 includes a

cafsettsnsufttimgdatle k3pmpidia firgiickmyseydncan?@roomm 1y, OvibhéChemical
cassette mounting table 13, a cassette C wherein a predetermined number

of WA deaprbieHccofinddattighgrate e s bds i i@m having a higher
i i%r?éj%%lggdgtytgl%r CoPae WRISIS Mo igshin Jhe cassette mounting

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



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 9 the first

cotSesheYoumee Aok piheBrFlso e oW blPariekAA- The
processing, align 4 & ANRYIShAREE AU ERNVENANER ORI B 2 1RAH 195K unit

unit 17a, and 17b, an etching unit 18, an oxidation processing unit 19, a

NithiThn@nproms; seirghufitu2, B8 CMDuaidd pastanmegaliig 19Nk Aiiidng processing
spare unit 23. 5 Each unit is connected to the circumference of the almost

octajolak Shapadise bomdnaories/ Bt doomaleatsrotiyh3a gate valve 24.

Namely, the processing station 12 co rlses us eredt e system. The

second%%%}w G COTRBIR 18 O TR, & YO SRS A e Second
decampraRs- BRAN Withk4uliii aHeRe 3 RRINgisolled by tﬁ@epﬁ?c%‘ss\fﬁ‘éws‘t%%n 12

comprises an exhaust systém, and an independent atmosphere from the 1
secanfrsen e yhntaddome 1 ysaay. beTiar medbiid thenidernios. hadhe r(enhehﬁés an
the second conveyance room, a second conveyance system 25 is placed.
ThXBwt AP Eah g adecay stesongmesb mpHaes Wit drivibeyghrahdieipg tigelated by

wa er amoqg eﬁch unit.17 thro%h %3 'tl'he load lock unit 7taé‘tand]fl ta h
connected 10 the firt CoRveyancs room T471A 15 The caesele SaiBA- 1 The™

0'0%%'61{3%6{?%}21%%&%'@@%1@? B Wit dransienting:in port to the processing
station 12, and the load lock unit 17b, functions as a wafer transferring-out

port. The thestooevel ainceesysiemnlbytransifeosithe sa@fst, caccyamarosiateoh iRS is
the cassette C of the cassette mounting table 13, into the load lock unit 17a.
THeIFiSk cotielfaBe SYRIEINES RIS HansferPEiRsHE idcaBddt wimer Homaler
the 20 Ioadhlocllg I;If)?lbhagd accommodates it in cassette C. The etching
unit 18 efiminates he Ive oxide film (silicon oxide film), which is

The load lock unit 17a, and 17 b are connected to the first conveyance room 14 in
15 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

20 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
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



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 chgmber 26, a mounting table 28 for
placing 10 wafer W is provided. The mounting table 28 is supported, for
exdftiple oy Pdﬁ‘élﬂ%‘lmaaﬁepf&ﬁ%‘?{’s"c&llé‘“’zﬁ’ISn%%e‘Soa?EBPSfTﬁ*i‘e Narmisaesg. by 2

Doymyardaep e shambeh 48 NsalPeamRR,20;guch as halogen lamps,

are placed to heat the mounting table 28 and the interior of the chamber 26
to a predeisvinest thdenpiteehAiransmsIorueinaon 3 temMpeeQfage placed
material such as quartz, is placed between the chamber 26 and the heating
larigpBe30 e rmpenbettsrhlof2henshthnbee2e, ah terabiiatisn epdningps2ldgrmined

formed, and the ends of the transmisgion window 31 are bonded airtight to

S th& BREHHSreric 8PN HPAIMHER 0 pEARESY. BYHTE Y Heky dies s placed
CrHRAJAOR UeRRABRG AT RmE ACIALSINC BRI PHRTRRIRP 2. an

(the opposite 10 side of the mounting table 28) going through the
trainsudiisRiopwitickp B2 34 farakitr ackiadieo R ndpehingtddsiti sthenciiadower e acebohded
the prop 29 at the bottom of the chamber 26, an exhaust opening 33 is

préVidRYy . [wHEcestigtBicapsaing B isrednHerterriinaniéxhBsthihethralisy vaves

vacuum pump, etc. The interior of the.chamber 26 is set at a gredetermined .
or U R e AL TR S WP B DI B I oPboste

1otrangéesring tiRHaRIeln3é 18) AN ﬁf#oﬂghafﬂé’@ﬂmﬁﬁ%m@n%mglhﬁighﬁge‘ﬁation
the mounting table 28. The transferring inlet/outlet 34 is connected to the

secpadngdiveyance 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, throu%h
20 tran@fé‘i‘ﬁr?g‘iﬁiémét%f@e prop 29 at 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
15 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

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
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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 gnd 25 hydrogen gas source 39
through mass flow controllers 36 and 37. By this, a mixed gas of nitrogen

(NBYRREPAVArog {Ppéf‘fg‘%b‘if@d into the plasma forming tube 27 through
the gag,feqd R%rgﬁgfgaﬁe&? 'tﬂgepm%%dtgﬁﬁih%]fﬂfngﬁpQl%lﬁé*{%’lk%ﬂxﬁﬁgjunit 40 is

nitrogen/hydrog 00sccm/ I'Osccm. On the upper part of the plasima
forprongidabeBhé, aptasmanfaraing vmiéstihissaorowitiesw Ieplirsmafesntag: 1, a
unit 40 comprises a microwave generating source 41, a rectangular

wavelguaEe Ridgridbardt - wehsbEYgpwivhive Juivkewdse g 43 The

microwgve generating source 41 generates a microwave having a
waveloHSTTISTOVAD B SIS S . SFREFTIA POWAUS et SHbef ey pech of.

MIEOWRNGAENSIAHNg, SOdHee IR SNPPISHLINIR the RIGRMATATHNG WK Afing

through rectangular waveguide tube 42 and Evenson-type waveguide tube

43soliRe mhixsdgagied httogenparthhyeiagenuisuppliedoiipio ugltathelgas deechide
port 35, is supplied into the interior of the plasma forming 10 tube 27, and
supiiet aiié iovoRte AR aes Shdhipke ¢ HasTByntHied 430 GhvRitiegsoFgdy drogen,

R P S A B v

for 1N oweren € plasma forming

is m@/@@qné\s‘ﬁ%ﬁfa HAGHA AR Whaieh ﬁ@mﬁae@igﬁteswimighg Mﬁ%@v%?%as
spreads downwards in an umbrella-shape or cone-shape, is provided in the
oupliatdi4 i By theeddsingtheatgrialpd B, toltbethevgapgafiowithg wotmod thenmgletbd 27s
diffused and provided to the chamber 26. Directly below the outlet 44, a

ring-sh4pBe lshEhverhebdia Plastrhfiigling Mahy gas MU 46, Peoyidedd. Firasing

showerh 47.is,connected to the.pitrogen triflupride (NE3) ;gas source 50
AR St O R R R SR TR R an

chamhen26a8bA0RShilowicoritiar ASmequipredivit fhacommpuniaatings,
tu?l?e‘;; 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 yyith these radicals and generates
radicals such as a fluorine radical bé\% dissociation. The gas provided on 25

e HIEFW VI I ApRESRR it Hindi e dAsPes A R RSB Fecgrnied) is
hygragen iadical, aodfupringradical gfc- Mh %stges%ﬁﬁ@sauﬁ%“[ﬁg infew i

aforementioned way, contacts the surface of the 12 wafer W, a film including

Sihbhtdd, fo andrfhbitanas ARhbeaspeoifcalydclariiad)iedarsnedhenii@ce of the
surface of the wafer W. This film easily sublimes when the wafer W is heated
to waemPeratutbemgher samiaedoyaanthesnelinginatdd frontSict Blmfapiethe theface

wafer W. In the above-mentjoned way, the natjve oxide film (SiO2 film) on the
o AZE BELF N AR L A S5 WO R YBIY of the plasma. On
the surgaee,of iR &iliGP i SURRIA S WANSH Rbﬁi&ﬁth/eel%i@eeJﬂme(ﬁi%]ﬁ'@ﬂﬁn) is

eliminated, many silicon dangling bonds exist, but these bond with the
hyediagenctadics! yilicdheplaaimaotils this, the sekabendfthe siebsidaigeis (radical)
stabilized. The oxidation processing unit 19 is an RLSA (Radial Line Slot
Arifetisaaype 1BYproedkaing et dieTHbsBRigaisrPPiescessing unit 19
generajes the plasma of the processing ga usi icrow ener nd
i bR S e St S R e S

5”@%&3{}%‘3 ﬁ@mleG-TFQeo%ﬁgﬂféﬂ Sgg&@éﬁﬁﬁ%ﬂ?@ @figé‘ﬁ'&&é&@%%ﬁ%%‘%‘ the
19 is shown in FIG.4. As shown in FIG.4, the oxidation processing unit 19
copnrisesagaalvgosigylindriealve Snetyymindrby thiFhpdacinanobetiZsi ise surface of a
comprised of aluminum, etc. In the center of the chamber 51, a mounting

talsiEos? Hhiisditcartilnetet wwaispnerarsitiimdPhvater W), which is
subjectd o IOCCRSINGIS Plﬁ‘g%‘?cil]!&i%he %%‘ésréﬂ{‘glﬁ%?'% 22y %%%”‘1%915?8%? As
control unit, which'is ngf sRown in the o rams, embedcfeoP, 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 connegted to the second conveyance room
16 through gate valve 24. When the gate valve 24 is open, the transferrin

i/t SFBRErS W St B DRI HE R Rfer iy Thit bR sat for
Ons il aneRUAL A% 4 1B 69PN LPHAM Of the chamber

51, an other end Is connected to an exhaust system 55 such as a
vacuurcRUWIHpY iednteries phisl iiheebpppbaiddf ihsehab psede ianinagpply
pressure by the exhaust system 55, etc. for example at a pressure from 4.0
Pautbed ABNP £ (BONITHIP i DRy Ghs gspplratbésadéydregpradda gastheurce 58,

upper side of the chamber 51, T as supply tubes 56 are connected to an
A, (NS Sohes 01y PE T LSS o Sal & A R Ae: or
(AQXQB?@QH Ie6 [Ijrigce-g,hﬁ(g@“:‘tl%l BHLV ‘I)glﬁe(ﬁ 5&: %[ﬁﬁiﬁ?%q,qﬂiﬁoéi}ﬂ)é zﬂr?ction. By

example in 16 places, along the side wall of the chamber 51, in a circle

diretigplddyd beingaplakeghthisowidyd ietlgagaprapjdedibys the gascsigpplyqually to
tubes 56, is provided equally to the upward of the wafer W on the mounting
tathe B2VAA efgbettides Vi pres Menbretiiklepper side of the chamber 51. A

window 61 is 10 %60].}/|ded in the interior of gglp&lr%%%g . The WAn\qV(IDI‘\lIgiOGV&:/L6l s

An aPerture S Rrowdfz on the ué))?er S1 eé
comprises transmission material, 10r example quartz, an i02 glass,

in %&@I&i@dmﬁtﬁ{é%ﬁé{%} 37 |3 uﬁerhﬁ?tcg()l‘ctheu%in@@&g % lB&FrgFrﬁég @3n&iNion
y

MgO, and films or sheets of organic material such as polyethylene,

polyasted, fiwlycariptnaiestcelidl 688, atetat@oahipnopyiérepcoly SinylcNaitl& Cl,

polyvinylidenechloride, polystyrene, polyamide, and polyimide. 15 For

ex%’rﬁpé?%ﬂ%?éﬁal Al SIOANMEHNa6S tHEYERTafRSFIR 105 RYg¥ 5Nt ostich as
window qléS%n top o{ the RL§eA 62¢eethaveguide 64 conn(?cted t

top ?f EF

b tat )
o PR oy BOXGEr SounE UNBSTS proviiie Wagiide o4 PP e
copapriggpcRdidie, 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 6§, wherein one end is connected in a
right angle to the side of the coaxial waveguide converter 67, and the other

entt DEIRUERSE B the Righ il poserddirmel it esecrl ey the
W%g%gigd%eq{f ﬁ@&ﬁﬁ&%@%ﬁ%@é%ﬁ&f&%@é%@s- 25 In the interior of the

cylindrical waveguide tube 66, a coaxial wave guide tube 69 is placed. The

coaxiaFr@ysiguide tplag 62vsForIASed. of ansasisnme MIges nRaAMA d2 comprises
electrically conductive material, and one end of the tube is connected to
nepltiyatridotsepitar G4, of thehidp Baaradsfithe Rt SMe2iraled thahothefasnd Each

thereof is connected coaxially to the top surface of the cylindrical wave guid
D B TES ST BN R LB o A BB RS A A R S0
copriRes aRIUral SIRiS:RER WAdPeach oICThARB AT HIRLANINE SR GHRlFength

on the surface. Each 5 slot 62a is an almost rectangle perforated trench, an
thamtjteenicalolisd2d afehelaloedXoithitdheydaleaoadiighioang e avitlergachs the
other and form an almost letter of T. The length and placement interval of the

S|t BPE g Wat M acnsErTrE HpMahh bighalvelepefn RSFRIS HiGh Hréididency

wave glehneflatilnigr from the h‘i/%h-fre uency power source unit 63. Th?
. _ V] l% -IT¢ uencg 80 I SO § unr l%enerates a mlCI‘OW&*V of for exlample
high-frequency power source uni generates a microwave of for example

102456551z at poReVEN f?)ferJEa?ﬁiﬁmm@ ﬁpgﬂw.SkWemﬁm%v\é%ﬂgrated from the
generated from the high-frequency power source unit 63, is transferred to

thénigiteripueidtheoectangutar uniavdgusdeanstfed at theertarigulel inodetangular
Furthermore, the microwave is transformed from the rectangular mode to a

CirtieemEHRRS e ddRrreaiEJurde cIRVEREREY, RsdnisTaunsidtrgeppbormed

th% SPQiP%”r%at'a‘ﬁ"%(lje‘?&%i(%% fube 88, AL hs Liisyiar mods. The W%Fero‘é‘ﬁa‘é‘%elr%f and
further transferred in'a spread state by the circufar Wavegur%}]e tube 65, and’is

irradipiedeftanithe slohida phithedRies Mbi2ed ate aiatgdnbie 0@ emicrowave
transmits the window 61,
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 2is
supplied to the interior of the chamber 51, for example at At/ 02/ 20H 2 =
10:1:1, from the gas supply tube 56. By the microwave transmitting the
window 61, high-frequency wave energyj s conveyed to the mixed gas in the
interior of the chamber 51, and high-frequency plasma is generated. At this

tim BBl BT Hhic AR I AR B AT e AN BletTea B dhacnerey
RLSA 82,08 Digh-dR0SI PAsI, i3 SDEERRA Here, asHvaledhergaissdR i

plasma formed by using the RLSA 62, has 25 an electron temperature of

abaitheihée, 2eVrtharthisevayy aecandingliatiermd 2468, bphasiaawiactsiatad this

species which activate relatively placidly is formed. By an exposure to the

geneyatdd highcderisie pldisaaseiteedition GfeteandfesiNees oigfatibnisof, for

carried Qut. Nam éy the Ar radical in the generated plasma, provides energy
§ ¢Bh 'SubStEte of the wafer W surface, and cuts the Si

bonding it (GRCHOHRK:EHIREIR QXY 45 ) Fafical iarms & @ﬁging bond,

bonding with Si. In this way, the surface of the silicon substrate is oxidized,
angha silidbre oniel éofitmadofilikam bxedafitiplenkh impooR i idfoqoaéid. At this time,
an H radical which generates from H2 bonds with the Si dangling bond, and
stabilizBaCthE Fpm e Silita s wRidd fitrharininidrd ey PR@ RN GRIAKEys TR device as
nity dlg% processing unit 20 |@Fheﬁ§§ e-RLSA'tX,?S% glasma&cocessm device

as T GXI0ANiBN Procassing unit 18, HHe ARG Brocessmg Unt 20 Tsmd's

siligen nitige nkidite 4 Q4 PyMikding.a-paruRf g stdaes AffheoslligpmaKidane
film 106, formed in the oxidation processing unit 19. The nitriding processing

unix2ButhaspaderesnthegdMe structure as the oxidation processing unit 19
shown in FIG.3. What differs from the oxidation processing unit 19 is that

nitrogeRPANZ I RS PESpHveRiIngiead SPOAIBEN (B12) GaS. MIRRRifTdihg gwidation

g)r(%%r?‘jcgsseis?%tﬁﬂfgi}@&%ﬁ of AlsN2, A HGS 2RBIC L NEARAH YedRing unit 19
is that nitrogen (Ny) gas is applied instead of oxygen (O;) gas. In the nitriding
processing, a mixed gas of Ar, N,, and H,is applied at the ratio of, for example, Ar/ N/
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 gitrogen (N) radical, generated from
a gas containing nitrogen, bonding with this dissociated Si, a Si-N bond is

generatS NN WSy A5/t M < RuePEpthatsilES siiptrf hamber 70.
nitgged, apd.ARIcon AHdGRIN I 197,05 82Am 1 GRedsdoongd: agérior of

The CVD unit 21 forms a high-permittivity film 108, here a tantalum oxide

(T a0 riiber, 70N dRhesstpiace ebtbenveaiaioWhewhesiew, thelaliida. processing is
carried out , and the SiN film 107 is formed. FIG.6 shows a plan structure of
the CVOUhit 2oper@anisodHbovehin PG 6), thetovBheait 21 bovimgrigesahgas supply

ost cylindrical chamber 70. The chamber 70 is for example comprised of
IO T PIRR SRR h PR APt S ioeh PR SIS BIPPY fale i

CORSEVING e WaTGlWE R R OMded, 91’85&%11‘%’%%5 RAUQf H1e ShaspR&ke e the
showerhead 73 having plural gas supply 5 holes 72, is provided so that it

opposesithegatisagpidinél. A processing gas supply line is connected to the
showerhead 73. A processing gas source 74 is connected to the processing
gas suPptyitissanpihihsiampleMére i TRICT kA ihoaIALTONAEES goaprises,

Processing gas comprises, Jor xample, Qraanic (analym ogs wiich -, g,

heat-vaporizéd for example) penta-ethoxy- antalum

988k bhp IO GatirdmRNd.A{Hage B LasrWhish, Bl dgs axicheendas alfich includes

moisture, and inactive gas as a carrier gas, for example argon gas. These
progelsingayamaradisnde chjusitaefore ois insadvants, grsd Suppliedlatortoe gas.
shower head 73, and is supCPIied to the whole surface of the wafer W through
thd' ]@ﬁg g{ﬂgﬁwi%@é ape 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.

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 byffer tank 78. By the buffer tank 78,
the gas supplied to the interior of the chamber 70 is once 20 stored, and by
thif Al brits@fte $n the chamber 70 can be gained. Furthermore,

the buffgy fank (8 RIGIMNEIEIS 1E SARASHINGNEDG RENSIRE MGided ot

connects to a vacuum pump etc., and sets a predetermined pressure in the

intgsieo.ahiielyahasabrméstiark exasaplepadr0.3kRad krahorériRowReaiow shes
susceptor 71, a heating room 80, made of quartz etc., through 25 window
79¢cq8nskRiee P e tifechd RBNECHBDPA ROl Gril piecitihg tarnpal B:124ucVas iltke gate

halogen. lamps are provided. By the heating of the heating lamps 81, through
iRl A R e
pregetermined iemperature, 17 for example at 300C to 600 C. On the side
wall of the chamber 70, a transferring inlet/outlet 82 is provided at
approximateljoibasaime heightuas chensG3ae ptor 711 CMIz frecestarsiingcarried out
inlet/outlet 82 is connected to the second conveyance room 16 through the

gater ganersfoneremitHics e ayeranple s s penctma iansidnidgiRsdu ol ifeof
wafer W js carried out by the d veyance system 25. In the
alnm to 2Unm 18% rme 0}{ tL]F tﬁeﬁcg{r;bll(?ﬁigoé%%%)ﬁhé[ l‘lltl‘lrye

PI'OCGSSII’EI‘%..
aforementioned structure o processing1s cariied out

for exappplenfRLERD MiDYEaRs AN RXMP G ARG PeIILivIROAIRCE nit.
film) 108 of Inm to 20nm is formed on the SiN film 107 formed by the nitride

pratessimglih@ (Fdferanmp aifnbeumnghAR naigial iy ddinthreesd fva strlaciuir éilas) HES,
oxidation processing unit. The annealing (reforming) of the high-permitti\gil

filnt tRteitallie SHeuRtRs by hod WHErEf thecATHESSOR A &Y By aIENE VIt it
21i% earried outin, (e, annealing Uit 22, Namsly:@ Riegseh @ oXde.
metaﬁl o%gn?a?e car on’ilré1 , mc%? edin %%e me(t)alﬁc
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



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 rafo of the oxidation processing unit
19, such as by reducing the oxygen gas ratio. 20 The spare unit 23 is a
mtﬁ{pp%rpose unit that is applicable as another processing unit, for example,
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system 10 of the gate insulator, each above-mentioned unit 17 to 22 may be
provigedd Futhssnare:sthe kool spa@ibiis3iscnodimieddeangsand
plural units may 25 be provided. The forming method of a gate insulator 104
apPpiRershiosbewRimevstip Aecadstredontihe foppaigystiang hblof thef Hute
insulator 104 will be described below, referring to 18 FIG.2. First, wafers W

> eath iHE Y 'S drmed drain region 102 and a source region 103, are

prepargg. ER‘?%SnW%fﬁ{ée\é\fséfﬁ PLCRMAGALEEh IS RR CAREFHEHSHBY the

predetermined numbers, for example every 25, and mounted on the cassette
meusiting Cablel idwfttheibscassettadtationnitll. 7hhe Tirst, chakaydode systémis
15 takes out the wafer W from the interior of the cassette C, and mounts it
ingitsethand atMerkhG ity BreThEhisthRt 10 8F RFERGHiIPN R d8cfoga Garfdter that,

almost the anb% Pressur(? is e& as the, second convetyéan%er om 16, Afte
the te valve S OE%‘IG ,_all the secmad onveeyanca Sé/S m takes outtthe %{erw
that,” the gate valve 24 is’opened, and the second conveyance system

10takEsPHE Redvafe LM 13Q from the load lock unit 17a. The second
conveyance unit 25 transfers in the wafer W to the etching unit 18, and

mountSitecactirel noouvenimgetabie23 dranifers, ithdgabtdeydive 2 isabingent;talrddand
the interior of
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, Hj, 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
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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 ofthe wafer W, hydrogen (H) is
bonded, and a stable film is formed. After the etching processing, the interior

of PoREATRPE AP TBISCEE RIS PRSP SUBREFIRIIAL LE 1y this. a
CONEYRCALIPMAQ, BUBINENIAINE BAIRYANVRLAIBOPSARL AN DB s

wafer W is transferred out of the etching unit 18 by the second conveyance
systam 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 iNdégidhopta e pxidetioig.phedessiogelidie P91dT Rerseshagwe VAe4t
is cLoEsged and a predetermipned pressure in the inte the %lxidatio

rjor o
pré %tiﬂlj’ CHRCIESE Y& 8SS%P&‘StFSHVSP&Bé%E?HB*Jga s%?f%ct oY %Nicon
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in the oxide processing unit 19. By this, a silicon oxide of for example Inm to
20mngadetivedOn thersdrtacaief the:sMeonrsuistrateui OflthAfieidtien
oxidation processing, the interior of the oxide processing unit 19 is set at 5
aliosethiasetid Yrydberecasdisenseroig eotidyance fisothersalRieXtithe

second conveyance rogm 32? .trapsf Is i e.wafer Bo the.(ilnterior of the .
transierre 111., he ga%ﬁ valv 1S,C 0? ,-dll the 1interior the nitradl I‘OCCSSIHg unit
etching unit. Theny the gaté valve Z24°is opened, and the wa er WA

trappfeteed. Qu-afdbaPridghianuRrrocessing unit 19 by the second
conveyance system 25. After the wafer W is transferred in, the gate valve 24

is closdile autd ding mtexionigf ¢hehaniding @rbesdsing whitrd® 20 is setied aut by
predetermined pressure. The n.itriol.in%1 processing of the surface of the silicon
substRdie A 0RIR AFASTSHIR che, 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



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 sgme pressure as the second
conveyance room 25. Then, the gate valve 24 is opened, and the wafer W is

transtEmed- o N Br 1 SR GOBIGLRES G 0 BUS R TR RoNA Fo et
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into the interior of the CVD unit 21. Atfter the transferring in of the wafer W,

thegatelvaiardis alased cand thadniesanobthe VP uRiRikimisel ptasure.
predetermined pressure. A high-permittivity film 108, for example a tantalum
oxide fivinalioennees airgapBiioEn b tRES AliyPe 0yt eyl gsiettesdiin the

CVD unit 21. The high-_permittivity film 108 _is formed, at a thickness of for

5 B P (U, o AR A B oo e TGS o A
Unfi &chisi Sf Rk AREEPRIBITURR A RICFRH S RIMAsiHDE. SN eFSBR $HAand
conveyance room 16. Then, the gate valve 24 is opened, and wafer W is

tragigteneediout of the CVD unit 21 by the second conveyance 20 system 25.
Next, the second conveyance system 25 transfers in the wafer W into the

interior’gtth@catealipgiphe Pmeathe inkral traH Shering IHNGrumie 29 aseptaL aput the

gate valve 24 is C}Ilosed nd the interior of tge a}nneapln unit 22 is set at a
s%mf: eplgressur as the secdna\conveyance room 10. hen, the ¥ate v vgzéf 1S ogened,
predetermined pressure. Annealing processing applying-the typ

10 PlasAPIFESENY HRNIERdS suPSFIREMEL IRHbenYalerWhdRdhm ARl
unit 22. Namely, low-energy oxygen gas plasma is exposed to a

higlspenrdttivithdinhi 6&;cadddhe garzory (€nidSthenfifiensisn glemintated. iAfiehe
the annealing processing, the interior of the annealing unit 22 is set at about

théohitrk Brdiskiite d¥iridhsetdRt ¥dhiayHRted- BB THRl: Hdsgatecdaind
2443 opeRSdie1D 20 Ihg water ViR darsieie ot of e anacingqt aion
by the second conveyance

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 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.

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



5

10

15

20

25

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 frosy the load lock unit 17 b, and
accommodates them in the cassette C on the cassette mounting table 13.

THE' f8FrHfiHY Brdcuss B A Yard e mabrt fitrt? L 62 BsH iy SPEiiEdR oxide
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the above-mentioned process. 20 The present invention is not limited to the
aferedeentionethesniad vantsy aled warkalisnimeddifications anthapplicapeRgling
are possible. The modifications which may be applied in the aforementioned
enbetimehrot Ifepriesswreimesitidreolll séosaseribedibaiviwilithe etrdetire of
the etching.ynjt 18 in the aforementioned e di t, is only one example,
S UNE HEg B SRR AL TH L aoetiu e CAR B PR aE
25 glimi #kje native oxide (SiOD) formed on the surface of the wafer W.
The structure of the CVD unit 21 is also only one example, and the structure
may bémhaafokindma®hedgmdsdintnqisiieite fonmtartant ahore Gxidenitidomilm
the SiN film. Furthermore, a structure 21 fit for forming a high-permittivity
filrforpeRgdEeataiRantallihe araling pessisies in tAiedorEmesinerisgly in the

embodiment, an etchinﬁ] i.ﬂ”lit.lS isgrovided, and the native olxide filrazon the

oxidatiQ rocessin nitridi rqQcessing unit and apnealing unit .
surface of the warer W 'is efiminated’ However, instead St providing an

etqiiing warit . PratiuaiHIOURICRAISEIV-E IOy ms AdleNpaualibtsilicen@xide
film 5 (native oxide film) to a high quality silicon oxide film 106, by the
oxidapilynpitoce §¥ingursinit,isppdasititethin tirepadoeesingnitioneth@edbodiffents units,
the oxide film forming processing, nitride film forming processing, and the
anftiesihg ﬂ%ﬁ@é%ﬁﬁgt&‘&%% BtsréePectively in the oxidation processing

unit lglnntiltlg(ejl- AN re%%%%esxlf1 gn%ggi%%ht?‘ Itﬁhde ﬁli%?\ag?gn%qgezv%aveguide 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 0.8GHz 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 oxidation processing unit;59, nitriding processing unit 20, and
annealing unit 22, is 15 comprised of copper plate. Here, to control the

conveydloB 188 HHHMHILADE, MG T als tHER BRI Herrr R st
anghine wRvegse:Rd. ey Re M- RRHTIMEL Sl MIOCLERRPRay he

stainless steel. Also, the direction of the féed port to the circular waveguide

64a;5131@¢dbelaodléeeﬂ@@ covinerehs HemmmiciowavenisssypliadduaratieliceBeut the
H-plane such as an H-plane T-branch or 20 in a direction parallel to a
tarhgamnoeidhifatrion whisfeippthéormietpave is supplied vertically to an

H plan such as.an E-plane T-branch, as lo he mic

gl ottt et G WS s e
th%ﬁ;[f‘eglg&l\ﬁ/&\@%wde 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

Furthevivaeeydisihe doneiataviaed ofived\wakangtho? ddmHzd adejghndensiid to the
plasma is generated. However, it is not limited to this, and the microwave

freﬁa@wéaw%éattﬂﬁgéﬂzé{@ebfﬂmw%‘ﬂﬁ el faﬁ@@@m gorabuedope Hgio of

g oxidation an nitridin t limited to the
D s P BB e Rt oo i s e,
10 NGk AND A DAY BRcARRYGR HAMAVRLLAGRNIR e damaagde the o
surface, and to effectively cut the bonding of the SiO2, it is preferable to
apipiyiad. td Whdnweitridingneaiteegeplcoatdininglgas’ suckiad aNH8g b0, NO,
NO2, may be applied besides N2. Moreover, the aforementioned mixed gas
ratEbI Y ads omebifited to the aforementioned ratio (Ar/N2/(02)

/H2/ = ilia ie 'eilfz)‘rgrplgn[%rngé an@ogfment E}Bg ngnaeg 1%gr§1t1|1? ?J 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 anneajifig unit 22 eliminates the carbon in
h-permittivity film ysing the RLSA,ﬁ]y e plasma processing device, but

he hi
o GV BEs T8 dHhli 18 RS tBe Y ST AR RS s
negdless 1o say thata SHUGHIH R QMPRLRING AL ANRGRIAG HRL 22 L00S Bue

more high-quality film. In the aforementioned embodiment, the film in the

botpemdayelafthiasiaoking gatenvssiaiar. 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-Aitride fitfArememtionedsaatiie kKhed Bty aicasedein 0D tHetbxiddldiET 100, is
processing, unit 19 is changed,.For example, if.a silicon.nitride (SiN) film is
ORI (e Yo 0en s BRH e ob AR i it ey be
SiliGORN RIS RIITIAE- CIRMfHM is going to be formed , it may be a structure

further adding nitrogen gas. 25 Industrial Applicability In the aforementioned
embodimeiet aficinefigantd @métalnseitiesagdaehighdpermitvoty tHdMISIEWAD0 is
applied. However, other films comprised of SiC, SiN, etc., formed by 23 CVD
etdorirey bE R A fhigatdigaitefhdogingfind foimratllatie RS Ahp e of the
functions as a film that prevents.the Ee&%trgéi\ggesof inhpuriti s from the gate

he

eleBtiot MBS HATRA AieBHy o tHE Sidon Stdefate? fRhd emon

aforem&@u@%ﬁ)mQﬁg%véh%&%@%tr@g%%@&pﬁﬁ%h@%%&gr% iSiefhod and a

comprised of polycrystalline silicon. However, it is not limited to this, and may
befcconnpriggcnobSHib@higechadhigate Instiveafoikmepmiioiied. embodiment, the
gate insulator 104 of the MISFET 100 is formed. However, it is not limited to
this, ar%a{tqgsmg]@fat%ﬁmfl@ﬁ%gfémﬁQeomﬂqlé 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.
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 agd 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 clajmgyather 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. 24 CLAIMS 5 10 1. A method for forming a gate insulating film,
comprising the steps of: removing a natural oxide film formed on a silicon
substrate; forming a silicon oxynitride film on said silicon substrate; and
forming a high-permittivity film on said silicon oxynitride film, wherein said
step of forming said silicon oxynitride film includes: 15 exposing the surface
of said silicon substrate to plasma generated by irradiating process gas
containing oxygen with high frequency energy via an antenna, and forming a
5'“130” OWﬁJtﬁBd%rtﬁﬁﬁhh@f%%tQflﬁQtﬂf%%%s&Qﬁ Fraig chdes@igsripsma, and
exposing a surface of said silicon oxide film to plasma generated by

removing a natural oxide film formed on a silicon substrate;

forming a silicon oxynitride film on said silicon substrate; and
forming a high-permittivity film on said silicon oxynitride film,
wherein said step of forming said silicon oxynitride film includes:
exposing the surface of said silicon substrate to plasma generated by
irradiating process gas containing oxygen with high frequency energy via an
antenna, and forming a silicon oxide film on the surface of said silicon substrate
by said plasma, and
exposing a surface of said silicon oxide film to plasma generated by
irradiating process gas containing nitrogen with high frequency energy via an

antenna, and nitriding the surface of said silicon oxide film by said plasma.

2. The method according to claim 1, wherein said step of removing the natural oxide
film includes:
generating activated species of N and H by plasma of a mixed gas of N,

gas and H; gas,
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20 irradiating process gas containing nitrogen with high frequency energy via
an antenna, and nitriding the surface of said silicon oxide film by said
plasma. 2. The method according to claim 1, wherein said step of removing
the natural oxide film includes: 25 generating activated species of N and H
by plasma of a mixed gas of N2 gas anglsH2 gas, 25 adding NF3 gas to the
activated species to generate activated species of N, H and NF3, reacting
the activated species with the natural oxide film on said silicon 5 substrate,

and generating a RysA(@AuGL of fRARHRAHNESEOYRIoNIRA. NG DAk Qxide .

film. 3. A method for forming a gate insulating film comprising the steps of: 10
preparindl@&{lid6n substrate on a surface of which a silicon oxide film is

formed; generatingplagnaQfiae@sgeerRtaiMROIRXKH A PSRN CANsaid silicon
substrate, reforming said silicon oxide film by said plasma; generating

plasma o3J4% Btaining nitrogen on said silicon substrate, 15 nitriding the
surface of said gilieenti axisl® filsrobycs ait phagona tasrebforanidgige the natural oxide
high-perrgi'%ivity film on the nitirided silicon oxide film by CVD. 4. A method

for forming a gate insulating film, comprising the steps of: 20 generating
plasma of a gas containing nitrogen gas on a surface of a silicon substrate,

nitgding e, SH15ae6: o5 SRt Siliaan SRR HRRIRYSRif-RIAs MR 4o fgrming a
silicon nitride film,
preparing a silicon substrate on a surface of which a silicon oxide film is
formed;
generating plasma of a gas containing oxygen on said silicon substrate,
reforming said silicon oxide film by said plasma;
generating plasma of a gas containing nitrogen on said silicon substrate,
nitriding the surface of said silicon oxide film by said plasma; and

forming a high-permittivity film on the nitirided silicon oxide film by

CVD.

4. A method for forming a gate insulating film, comprising the steps of:

generating plasma of a gas containing nitrogen gas on a surface of a silicon
substrate,

nitriding the surface of said silicon substrate by said plasma and forming a
silicon nitride film,

forming a high-permittivity film on said silicon nitride film, and

annealing said high-permittivity film,
wherein said plasma which has an electron temperature of 0.7 — 2 eV is generated
using an antenna, and
wherein said step of forming the silicon nitride film comprises directly reforming

a natural oxide film which has already been formed on said silicon substrate.

5. The method according to claim 4, wherein said plasma is generated by applying

microwaves via a plane antenna having a plurality of slits.
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forming a high-permittivity film on said silicon nitride film, and 25 annealing
said high-permittivity film, wherein said plasma which has an electron
temperature of 0.7 - 2 eV is generated using an antenna, and wherein said
step of forming the silicon nitride film comprises directly reforming a natural
oxide film which has already been formeg on said silicon substrate. 30 5. The
method according to claim 4, wherein said plasma is generated by applying
microwaves via a plane antenna having a plurality of slits. 26 6. The method
acgording o ClaiBeLNIRE FOERHSAARIPR ALIRMOWNE A AL R rura
film on said silicon substrate. 5 7. The method according to claim 6, wherein
said stepoikemevingnatiiadboxiderfitn includes: generating activated
species of nitrogen and hydrogen by plasma of a mixed gas of N2 gas and
H2 gas, adding NF3 gas to the activated species to generate activated

species @f 10 nitrogen, hydro eg and6NF3, reactigg the gctivated specie "
with the nAfUPATBRILESHRTSR Shid oY SIBOE, S YeRBiatifg Jtural oxide
by-produgf,Qf tgagtion, thereby removing the natural oxide film. 15 8. A

method for forming a gate insulating film comprising the steps of: exposing a
silicon oxide filrgetieatthasaalieady beerfosmeidar@a aiicapdivgbsttatelema of a
plasma of a gas containing oxygen and reforming said silicon oxide film;
mixed gas of N, gas and H, gas,
adding NF; gas to the activated species to generate activated species of
nitrogen, hydrogen and NF;,
reacting the activated species with the natural oxide film on said silicon
substrate, and

generating a by-product of reaction, thereby removing the natural oxide

film.

8. A method for forming a gate insulating film comprising the steps of:
exposing a silicon oxide film that has already been formed on a silicon
substrate to plasma of a gas containing oxygen and reforming said silicon oxide
film;
generating plasma of a gas containing nitrogen on said silicon substrate,
nitriding the surface of said silicon oxide film by said plasma; and
forming a high-permittivity film on the nitirided silicon oxide film by

CVD.
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20 generating plasma of a gas containing nitrogen on said silicon substrate,
nitriding the surface of said silicon oxide film by said plasma; and forming a
high-permittivity film on the nitirided silicon oxide film by CVD. 27 9. The
method according to any one of claims 1, 3 and 4, wherein said
high-permittivity film contains at least ong;of A1203, HfSiO2, Ta205, ZrSiO2,
Hf02, and ZrO2. 5 10. The method according to any one of claims 1, 3 and 4,
further comprising a step of annealing said high-permittivity film, the step
copprising eXRaRNG NESHTACE oG PARILMY In P BlayRaSh aia
gas including oxygen. 10 11.°The method according to any one of claims 1, 3
and 4, whgnelrsaigh gas fientaiiing oxyges iosdudes ROANETKIR, 12a40s, erloz,
method for forming an insulating film comprising: a) removing a native oxide
film on aBff®eard8irate (101); 15 b) forming a silicon oxide film (106) on

the surface region of said silicon substrate (101); c¢) forming a silicon nitride
film (107) on the surface region of said silicon oxide film (106); d) forming a

higly permilivit il (LRI BDigherParmityity 24 Eh%}t‘ﬁ@f%éﬂﬂﬁf?ﬁ@%d&ep

film (106) on said silicon nitfide film (107); and e) annealing said

high-perrmitiivity i se10 8)ghvpb aneitivisaitl sl ele Gl porappsesh £ ¥ pasing the surface
surface of said silicon oxide film (106) to a plasma of a nitrogen containing

gas, whiéh fadhghatesnish terfijeratplesat of2 e gyluging oxygen.

11. The method according to any one of claims 1, 3 and 4, wherein said gas

containing oxygen includes Ar and H,.

12. A method for forming an insulating film comprising:
a) removing a native oxide film on a silicon substrate (101);
b) forming a silicon oxide film (106) on the surface region of said

silicon substrate (101);

c) forming a silicon nitride film (107) on the surface region of said
silicon oxide film (106);

d) forming a high-permittivity film (108) with a higher permittivity
than said silicon oxide film (106) on said silicon nitride film (107); and

e) annealing said high-permittivity film (108),
wherein:

said step c¢) comprises exposing the surface of said silicon oxide film (106)

to a plasma of a nitrogen containing gas, which has an electron temperature of 0.7 - 2 eV.



28 13. A method for forming an insulating film comprising: a) processing a
native oxide film on a silicon substrate by a plasma which has an electron
temperature of 0.7 - 2 eV; 5 b) forming a silicon oxide film on the surface
region of said native oxide film; c) forming a silicon nitride film on the surface
region of said silicon oxide film; d) formisgg a permittivity film of a higher
permittivity, than the silicon 10 oxide film, on said silicon nitride film; and e)
annealing said permittivity film, wherein: said step c) comprises exposing the
surface of said silicon oxide film to,a. plasma of a.nitrogen containing gas,
it nas TR B A A B T R The methoc

according to clam 12%arci3jmherativsaididerfiiinga sikdeooxitderdibrby a plasma
comprises exposing the surface of said gilicon substrate to a plasma of an
oxygen c‘gh't‘imﬁ?‘?gagﬁlﬁcmﬂéﬁn??%a%ee? & dr%t%%hperature of 0.7-2eV. 20

515. The methodaccorshing toaagy@neorfdelaims 2t LdsfibatgiosaidsalemRive
is performed in a plasma which has an electron temperature of 0.7 - 2 eV.
16. The ®¥efliddMccording to any one of claims 12 to 15, wherein said silicon
oxide film is fogned gk RICKRARS P ARRMMIASHIHE SRid-SIRRBY anchRRiicon
nitride film 25 is formed at a thickness of 0.5nm - 6nm in said step c). 17.
The mett9s#laddiding to any one of claims 12 to 16, wherein said plasma

contains H2 035) 29 S REHIAAASSAIFH R AN SO SIS TR fekdicon

15 and 16, wherein said s

10 oxide film, on said silicon nitride film; and
e) annealing said permittivity film,
wherein:

said step c¢) comprises exposing the surface of said silicon oxide film to a
plasma of a nitrogen containing gas, which has an electron temperature of 0.7 - 2 eV.
15
14. The method according to claim 12 or 13, wherein said forming a silicon oxide
film comprises exposing the surface of said silicon substrate to a plasma of an

oxygen containing gas, which has an electron temperature of 0.7 - 2 eV.

20 15. The method according to any one of claims 12 to 14, wherein said step e) is

performed in a plasma which has an electron temperature of 0.7 - 2 eV.

16. The method according to any one of claims 12 to 15, wherein said silicon oxide
film is formed at a thickness of 0.5nm - 14nm in said step b), and said nitride film

25 is formed at a thickness of 0.5nm - 6nm in said step c).

17. The method according to any one of claims 12 to 16, wherein said plasma

contains Hj gas.
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comprises removing said native oxide film by generating a plasma of a mixed
gas 5 of nitrogen and hydrogen, generating an active species by adding NF3
gas to said mixed gas plasma, and reacting the active species with the
native oxide film on said silicon substrate. 19. The method according to claim
18, wherein said step c) comprises remaying said 10 native oxide film by
heating said silicon substrate. 20. The method according to any one of claims
12 to 19, wherein said insulating film comprises a gate insulator. 15 21. The
method according to any one of claims 12 to 20, wherein said insulating film
comprises a gate insulator of a MISFET.

18. The method according to any one of claims 12, 14, 15 and 16, wherein said step c)

comprises removing said native oxide film by generating a plasma of a mixed gas
of nitrogen and hydrogen, generating an active species by adding NF; gas to said
mixed gas plasma, and reacting the active species with the native oxide film on

said silicon substrate.

19. The method according to claim 18, wherein said step ¢) comprises removing said

native oxide film by heating said silicon substrate.

20. The method according to any one of claims 12 to 19, wherein said insulating film

comprises a gate insulator.

21. The method according to any one of claims 12 to 20, wherein said insulating film

comprises a gate insulator of a MISFET.



