17 October 2006 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 circuits is advancing. WitHdggker 2006
miniaturization, the thickness of a gate insulator is demfanded to be extremely thin, being about a
couple nanometers. Generally, silicon oxide (SiggB$rRIPATIONIS 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 sutinamaMieibebsaldfdhei gatey kakagdouwlation(tihnel current), and
penetration of impurities from the gate electrode of the MISFET. To control the increase and so forth of
the tunnel current, a stacking gate insulator which has a structure of stacking a higher permittivity film
(high-permittivity film) onto a thin-silicon oxide film (or a silicon nitride film, or a silicon oxide-nitride
film), is being 20 developed. By applying the stalk l(jﬁltglﬂgulator, physical thickness is secured to a

certain exteg, and fuivalent Oxids Thickniess (EOTH s keptio Herey e BOT IS 8, §opyeried value
of the thickriess of the fiim of the relative permittivity and effective Tim thickiiess t, to the thickness
of the relative permittivity,of the siligQn oxide film (ESio2/E), and is defined as, EOT= (esio2/e)-t. 25 A
forming method of a stacking gate insulator applying a silicon nitride film (SiN film) as a
high-permittivity film has been disclosed in thepdaexamaedJapanese Patent Application KOKAI
Publication N0.2000-294550. The insulated gate formed by the

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 circuits is advancing.  With the
miniaturization, the thickness of a gate insulator is demanded to be extremely thin, 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
15 a couple nanometers, has problems such as an increase of the gate leakage current (tunnel
current), and penetration of impurities from the gate electrode of the MISFET.
To control the increase and so forth of the tunnel current, a stacking gate insulator
which has a structure of stacking a higher permittivity film (high-permittivity film) onto
a thin-silicon oxide film (or a silicon nitride film, or a silicon oxide-nitride film), is being
20 developed. By applying the stacking gate insulator, physical thickness is secured to a
certain extent, and Equivalent Oxide Thickness (EOT) is kept low. Here, the EOT is a
converted value of the thickness of the film of the relative permittivity € and effective
film thickness t, to the thickness of the relative permittivity of the silicon oxide film
(esio,/€), and is defined as, EOT= (esio,/€)-t.
25 A forming method of a stacking gate insulator applying a silicon nitride film (SiN
film) as a high-permittivity film has been disclosed in the Unexamined Japanese Patent

Application KOKAI Publication No0.2000-294550. The insulated gate formed by the



17 October 2006 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 applied, a more high-quality film with less dangling bond is fdr g&}"é’bﬁ%ﬁred to
being formed by a CVD. Also, because the film formin%; processing, applying the RLSA plasma
processing, isgefnddctatcinsadelatively larsiantpeaaiede fablcaddh)), tbmplaseage afitbe: filknisoiface is
decreased 10 compared to other plasma processing. In this way, films formed by applying the
RSLA-type plasmiz-procdésdihg isonigh ioxadrliiymtherefonermiengblingomzaetigh detmpknasaref airebout
1000, is not necessary, and diffusion of dopant can be prevented. Here, the aforementioned stacking
gate insulator BPSIBEeROSIRAHHAPRYIRE hiBlipetrprecstyifEndTRecranstidlinge indhtidit) birReSEIN film
is about 8, therefore the 15 EOT of the SiN film is only about 0.5 (=4/8) times the effective film
thickness. Due MBS B HE SN i e a ! thahotd 2 MARTRSSELORMY SOSHRIEREY ik
physical filrg tglic Qﬁfs’ and gaining a sufficiently thin EOT by answering to the demand of
miniaturizatlon.yByt IS, when inorganic insulation films with higher relative permittivity, for 20

example, aluminuryide (fefaive, PRI AbL-FOMIVELGXiss, (24) aner AU pide (25) are

applied, an EOT about 0.17 (=4/24) times the effective film thickness can be gained. As
aforementioneglnby aRREKE G AR IR KA ¢ TiehBEsaiitiviie ditbai fiequaatachgate virsulatigsdhaving the

requested permittivity can be gained. However, if an 25 organic high-permittivity film is directly formed
onto the silicobcexide thmfithefsiiton pxiaesiiig apel yhe oig RIS Alplwill cpuiee saingacticonddyttdis, the
=OT ofthe in a relatively low temperature (250°~ 450°), the damage of the film surface is decreased
10 compared to other plasma processing. In this way, films formed by applying the
RSLA-type plasma processing is high in quality, therefore annealing in a high
temperature, at about 1000°, is not necessary, and diffusion of dopant can be prevented.
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
15 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
20 example, aluminum oxide (relative permittivity:11), zirconium oxide (24), and
hafnium oxide (25) are applied, an EOT about 0.17 (=4/24) times the effective film
thickness can be gained.
As aforementioned, by applying an inorganic high-permittivity film, a requested gate
insulator having the requested permittivity can be gained. However, if an
25 organic high-permittivity film is directly formed onto the silicon oxide film, the

silicon oxide film and the organic film will cause a reaction. By this, the EOT of the

whole stacking gate insulator will increase.



whole stacking gate insulator will increase. 17 October 2006 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 higR§?efaA WG ate
insulator having a sufficient physical thickness and a gtjﬁiciently thin EOT. Disclosure of the Invention

The object of the pererRilipyaRtigorienionpinddenadammiing agngihad ntyfominge0sysiem for
insulation film, in which a highly reliable insulation film can be produced. To achieve the object, the
forming methdoacconginghy @filshaspeotzahiheprésenh ameeintiodcmeiplisediegpsiioomoxide film
forming process for forming a silicon oxide film on the surface region of a silicon substrate; 15 a
silicon nitride f{Yiind pibte seerbrpphinghansiast vikridemiincbena fewrnssecréion of the
aforementioned silicon gxide film; and a forming process for forming a permittivity film with a higher

permittivity th&H tAB-siltATbYIBEHRATGIPHENATS P RTe AHGHEHUSIHEC P fifer RS Tifth (REISFETESE Phe

aforementiogle olxiq(e film forrrlinl%;c rocess comprises a forming method for forming the silicon oxide
X € leaKka ecul%r 1 easmé. . e . . .
film on the surface reg%on of the aforementioned silicon substrate by subjecting the surface of said

silicon substrate tqAplagmA GERAMRELRY dFRdialng Dicrware Fama RiRDEAnanagaving plural
slits, to an oxygen containing gas; and 25 the aforementioned nitride film forming process comprises a
forming having a sufficient physical thickness and a sufficiently thin EOT.
Disclosure of the Invention
The object of the present invention is to provide a forming method and forming
10 system for insulation film, 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;
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 17 October 2006 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 aforementioned silicon 5 substraté? Qfgih’ﬁfe%‘i)% the
surface of the aforementioned silicon substrate to a plef‘sma, generated by irradiating microwave, from
a plane antenna hayifigdlwsatisliismteoarplaxygegeaontiainiigigagiaking pirierable thahthelane
aforementioned oxide film forming process comprises a process for exposing the surface of the
aforementioned siliconesub$iaateg phdd grocess foridOcoxidiring thae. surface region of the
aforementioned silicon substrate, by subjecting the exposed surface of said silicon substrate to a
plasma, generatedlbip PFakthaicesaoeemarioagsl aréda Atk Aar maneney preralagiadapaan oxygen
containing gas. It is preferable that the aforementioned nitride film forming process comprises a

process for nittfFG e Sateseing o gt mraleatbntidReeaRdbn SRatefiioBs B K Biecting the

surtace of the glerementionsd. sliconxide, i 9.2 blasma, generaipd b Juadiating miciqave from
a plane antenna having Hlur slitsTto a nitrogen containing gas. 1he aforementione Ip))erml tivity film

is comprised of Metal 26 fhe. MARSIMBRRERk, ADHTAMIINEL SOMMISE ARSIV fim reforming

process, for reforming the 20 aforementioned permittivity film by subjecting the surface of the
permittivity filnyt9aanRigsmaigeangrated 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 thisknefssabiclthin-R@rafarementicine ritiideffim fiormingppoocassytheisutride film is

process for exposing the surface of the aforementioned silicon substrate, and a process for
10 oxidizing the surface region of the aforementioned silicon substrate, by subjecting the
exposed surface of said silicon substrate to a plasma, generated by irradiating microwave
from a plane antenna having plural slits, to an oxygen containing gas.
It is preferable that the aforementioned nitride film forming process comprises a
process for nitriding the surface region of the aforementioned silicon oxide film, by
15 subjecting the surface of the aforementioned silicon oxide film to a plasma, generated by
irradiating microwave from a plane antenna having plural slits, to a nitrogen containing
gas.
The aforementioned permittivity film is comprised of metal as the main component,
and may further comprise a permittivity film reforming process, for reforming the
20 aforementioned permittivity film by subjecting the surface of the permittivity film to a
plasma, generated by irradiating microwave from a plane antenna having plural slits, to an
oxygen containing gas.
In the aforementioned oxide film forming process, the silicon oxide film is formed
at a thickness of 1nm~20nm, and in the nitride film forming process, the nitride film is
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.



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. 17 October 2006 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 silicon substrate; 5 a nitride film forming unit for forming al $ifRSAPRRAEEYiIm on
the surface region of the silicon oxide film; and a pernﬁttivity film forming unit for forming a permittivity
film of a higher relativegeemitthaioiRa thiesilicsjcexideditiingr ihernioramiestingied siigon nitride
film; 10 wherein: the oxide film forming unit forms a silicon oxide film on the surface region of the
silicon substrate¢dyliegposhegthenslafacet of the witison suiestratectorppiasma, generated by irradiating
microwave from a plane antenna having plural slits, to an oxygen containing gas; and 15 the nitride
film forming unit forfAPBISAIEHR MBI otherBurR asilFeepxtethiénsine dhe sxidechIFAZion ekposing
the surface of the silicon oxide film to a plasma, generated by irradiating microwave from a plane
antenna havin P52 $PSURISa nitrogen containing gas. It is preferable that the oxide film forming unit

reforms the pxide film alée?q% 120 existin Qon tpe silicon ﬁubstra%e b¥.1expos' g the surface of the
i ? a nitrid€ 11 ormin %n%tor cgmtm a silicon nitrige Tilm'on t .
silicon substrate to a plasma, genera y irradia m% microwave from a plane antenna having plural

slits, to an 0X¥9&Qc€99§%%“89 tﬂ@%iﬁ'cb%l%rﬁ@'ﬁ%ﬁ}ﬁ‘f the oxide film forming unit exposes the surface

of the silicon
a permittivity film forming unit for forming a permittivity film of a

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



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 17 October 2006 6 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 $ftSt°RRFige00
containing gas. The permittivity film is comprised of mBtal as the main component, and may 5 further

comprise a pesinifbiviok fdenfigiaymirgodint ive refancing thespesenitsividy fim toya prieasing teeissaface of
the permittivity film to a plasma, generated by irradiating microwave from a plane antenna having
plural slits. Theyoxiddiditmgformiog aveitfommsplaecsilitiemetigea fiplofad thicknessidé tonmmiton®0nm, and
the nitride film forming unit forms the nitride film of a thickness of 0.5nm to 10 6nm. It is preferable that
the aforementBtfed gas comprises argon. The aforementioned insulation film comprises a gate
insulator of a MISFET. Brief Description of Drawings 15 These objects and other objects and

advantages of the pT@gé??Em\}Bﬁt% imlib‘é%ﬁ{ése Bﬁé@ﬁ%éféﬂf’ lﬁ'ﬂ)adﬂ ?8%’6_? f3fi¥wing detailed
description an e accompanying, rawings i iien: FIGA s adisgram shawing he siguetyre of a

: EPE [ o) \ :
gate insulator, according'to the* embo e present invention, a diagram’ showing

the structure Oéﬁég’fx’{g_iﬂ&%ﬁtfd@ Qe 9aiGdHain, (B95aLing, g&ﬁ%&%@%ﬁﬁﬁ&ﬁhﬁﬁthe present
invention; FIG.3'is a diagram showing the structure of an etching unit, according to the "embodiment of
the present inygRH@Rave from a plane antenna having plural slits.
The oxide film forming unit forms the silicon oxide film of a thickness of 1nm to
20nm, and the nitride film forming unit forms the nitride film of a thickness of 0.5nm to
10 6nm.

It is preferable that the aforementioned gas comprises argon.

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

Brief Description of Drawings
15 These objects and other objects and advantages of the present invention will become
more apparent upon reading of the following detailed description and the accompanying
drawings in which:
FIG.1 is a diagram showing the structure of a gate insulator, according to the
embodiment of the present invention;
20 FIG.2 is a diagram showing the structure of a forming system of the gate insulator,
according to the embodiment of the present invention;
FIG.3 is a diagram showing the structure of an etching unit, according to the
embodiment of the present invention;
FIG.4 is a diagram showing the structure of an oxidation processing unit, according
25 to the embodiment of the present invention;
FIG.5 is a top view of a RLSA, according to the embodiment of the present

invention; and



FIG.4 is a diagram showing the structure of an oxidation processing unit, according 25 to the
embodiment of the present invention; FIGS is a top view of a RLSA, according to the embodiment of
the present invention; and 17 October 2006 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 embodiment of the presen”n SHARsH Wi%e
described referring to the drawings. The insulation film,7formed according to the embodiment of the
present invention, GU@isesddagais Mrvaiert suMatatlosulawbamieosnsunignd-iatd Effect
Transistor (MISFET) shown in FIG. 1. 10 As shown in FIG.1, MISFET 100 comprises, a P-type drain
region 102 and sourebodgiomil@3hn pnessuirfacentegion of an N-type silicon substrate 101, a gate
insulator 104 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 15 respectively connected to a

drain electrode and source electrod®EbMBASIHY GINMERET1S 18fY S ubstrate 101, drain region
102 and source regfign g.os .respﬂe%ivgl 2y be ?Et[i)OSiE conductjvit %Xpt%s. Onbth sili onfstllglbstrate
IalrilaIilﬁ etno msu on 11m afB%r’d[lﬁlgg e en% O&Fé O (¥

101, placed etween the region 102 and source region ate electro IS provided

via the gate inﬁf@?éﬁ(iﬁ%mﬁ%ﬁtﬁee&%%% é@eﬁrﬂ?giﬁ)‘iﬁéncﬂfziﬁﬁﬂg{gf polycrystalline silicon (p-Si). The

gate electrode 105 comprises the MISFET 100, and when the gate threshold voltage is applied to the
gate electrode 1057 Re ¢channebiaiinis formes RudhensuibagR ehibsdsiepnsiubstitacho invegdesiihe gate

insulator 104, and the source and the drain are connected.
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 the surface region of an N-type silicon substrate 101, a gate insulator 104
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

15 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

20 105 is comprised of polycrystalline silicon (p-Si). The gate electrode 105 comprises the
MISFET 100, and when the gate threshold voltage is applied to the gate electrode 105, a
channel (ch) is formed on the surface of the silicon substrate 101 under the gate insulator
104, and the source and the drain are connected.

The gate insulator 104 is comprised of a silicon oxide film (SiO, film) 106, a silicon

25 nitride film (SiN film) 107, and a high-permittivity film 108.

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

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



The 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 17 October 2006 8 surface region of the silicon substrate 101, wherein a plasma
processing device having a Radial Line Slot Antenna (RLSA) is applied. The siliddri¥bsi9P¢06 is,
for example, formed in a thickness of 0.5 nm to 14 nm? The silicon nitride film 107 is stacked on the
silicon oxide fikwr{h06 rddiersiicor flrisidetlrk0T0E fwhnedhbyphentitidinaspiocassiog lafving ailicon
oxide film 106 applying the RLSA type plasma processing device. The silicon nitride film 107 is, for
example, formadinld inicBhessmétd (Rh.3d binapplied. highaetmitiviggdd fil k0806 isldoedxastpleen the
silicon nitride film 107 and the gate electrode 105. The high-permittivity film 108 is comprised of
inorganic (met@ymed i atdhgigestiehd M 2034Mf8i0 2, Ta2 05, ZrSiO 2, HfO 2, and ZrO 2. The
high-permittivity film 108 is formed, for example in a thickness of 1 nm to 2Qnm by CVD (Chemical

Vapor Deposition). 1Heraligo8 mHdsetmhIe, Hintaskadoeridhe SRl Smgh- didiBetiieShstant
han that of the.silicon. oxide fil b . formi hod .of the .above- '
than that of ihg ﬁr’% go Xiqggfilm d%n?};é’é@ Xthf%%l%?é@&é?éﬁf%%folﬁeel foon cont gtﬁrﬂﬁdlﬁ te

. ni € . .
insulator 104 wi described referring to the dra ows the composition of a forming

system 10 of %ﬂﬁ&%ﬂg%ﬁ@ﬂﬁ&ﬁ%ﬁ? 900 N6 SORAAMENLOT tMELPTGRESE IBYARE I ST RWRIN

FIG.2, the forming system 10 of gate insulator comprises a cassette station 11, and a processing

station 12. TheGassritersialiph A HNIHEe DAL $SE e gipNNting table 13, and a first conveyance 20
room 14. On the cassette mounting table 13, a cassette C wherein a predetermined number of wafers

can be accommodatedhighppecedktWityilé lan CEES et ¢ dbeomentodiatvilic ampapiade fided Waters the
mounted in the cassette mounting table 13, a cassette C,
gate electrode 105. The high-permittivity film 108 is comprised of inorganic (metal)
10 materials, such as Al,0s HfSiO , Ta , O 5  ZrSiO , HfO , and ZrO ,. The
high-permittivity film 108 is formed, for example in a thickness of 1 nm to 20nm by CVD
(Chemical Vapor Deposition). Here, the high-permittivity film stands for a film having
a higher dielectric constant than that of the silicon oxide film (about 4).
Next, the forming method of the above-mentioned gate insulator 104 will be
15 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
20 room 14. On the cassette mounting table 13, a cassette C wherein a predetermined
number of wafers can be accommodated, is placed. While a cassette C, accommodating
un-processed wafers, is mounted in the cassette mounting table 13, a cassette C,
accommodating processed wafers, is transferred out from the mounting table 13.
A first conveyance system 15, having an arm, is placed in the first conveyance room
25 14. The first conveyance system 15 transfers in the accommodated wafer in a cassette C

to the side of the processing station 12, while it transfers out the processed wafer from the

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



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 accommadates it
to a cassette C. The interior of 17 October 2006 9 the first conveyance room 14 Q@ﬁ???’é%@% the
down flow of clean air. The processing station 12 com;?rises a second conveyance room 16, a load
lock unit 17a,aedid? bodve iabingemil 48 REpoxicatipn prodessingwit d8aa Aitriding processing unit
20, a CVD unit 21, an annealing unit 22, and a spare unit 23. 5 Each unit is connected to the
circumference of thiéhalpnostssttagon@iashiapedsecsndscondsyarvegammmobthtoadhad datke walve 24.
Namely, the processing station 12 comprises a clustered-type system. The second conveyance room
16 includes anl 7@x[Bagst Ay stepichieg amd dan Aeedidpies PIEcEshndEny Hrcugiy PR Hermgesdieted by
the gate valve 24, comprises an exhaust system, and an independent atmosphere from the 10 second

conveyance rdth 4% %%}’Bél%?&%e&%ﬂﬁ‘sﬁh?&m}{t PR anR o ie’Second conveyance room, a
second conyeyance syeler 2515, Blagsd, The sesond convesdpes, usiom 25 compises sn g, and

transfers the wafer among each uni rou e lock unit 17a, re connected to

the first conveygige 1AM b 145 a6 eAse U siatinn 1y ThRdaRg sk LI, fundiians 3

wafer transferring-in port to the processing station 12, and the load lock unit 17b, functions as a wafer

transferring-owopgitisEhen ficsh Gervenpece sustem Fadrapsiats awaiate aceammdatestin the

cassette C of the cassette mounting table 13, into the load lock unit 17a. The first conveyance system
15 also transfeshawdt tha terocesseddvale rdisormihess20 |dadHoakituiiit thidg gnd3adeomnadatelsbyin
cassette C. The etching unit 18 eliminates the native oxide film (silicon oxide film), which is
the gate valve 24, comprises an exhaust system, and an independent atmosphere from the
10 second conveyance room 16 may be formed in the interior.
In the center of the second conveyance room, a second conveyance system 25 is
placed. The second conveyance system 25 comprises an arm, and transfers the wafer
among each unit 17 through 23.
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 chamber 26, a mounting table 28 for placing 17 October
2006 10 wafer W is provided. The mounting table 28 is supported, for example, 637/ QCH?PSF&%gde
prop installed on the base of the chamber 26. Downwaflis of the chamber 26, heating lamps 30, such
as halogen larmagsrare piaceebiidieat theemauatifigetable 288nd thapgpieréar abihe chiapneb640 a
predetermined 5 temperature. A transmission window 31 made of a material such as quartz, is placed
between the chaartbena8 ancpthethbediog thelps 3oL Ga dchedwit@m of the chamber 26, an irradiation
opening 32 is formed, and the ends of the transmission window 31 are bonded airtight to the
circumference of tHeovravraHD R 0B sRyBRr B). theatiftel tags Wavashain edackdAa s Hoa iy tdmps
30, irradiate the interior of the chamber 26 (the oppaosite 10 side of the mounting table 28) goin

through the traAgMifisiBh WRTORES R EAfra8h4Bn 185G 32 T AR RS FoafhiranRE G eSS 29 at

the bottom f fac, chamber 2. ah &xXNAUS! oRARING,33 s provided. Theexhaust apenind 33s.
connected 13 an &xhaust line having a vacuum pump, etc. The'interior of e Ehalmber 26 s seflat a

predetermined, pressyfRe LR & shavst YRg: Qndhpsite wah of dhe ChRAmPaIAGhEansiering

inlet/outlet 34 is provided at approximately the same height as the mounting table 28. The transferring
inlet/outlet 34 jis.@RANRCHREIR B 56 €ORTA0ANE YR 6RJOMKbariRsaHAN & BriGw aIvare HoMdBen the

gate valve 24 is open, the transferring in/out of the wafer W is carried out, through 20 transferring
inlet/outlet 34.airtight to the circumference of the irradiation opening 32. By this, the heat waves

emitted from the heating lamps 30, irradiate the interior of the chamber 26 (the opposite
10 side of the mounting table 28) going through the transmission window 31 and irradiation
opening 32.

In the circumference of the 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



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 nitrogenllgNZ) and hydrogen (H2) ié%@p%ﬂlé‘?f it8%he
plasma forming tube 27 through the gas feed port 351 ere, the mixed gas is for example supplied at

17 October 208i&otdnmityagsieiydiogen 10Qsacm/IOsccm. On the upper part of the plasma forming
tube 27, a plasma forming unit 40 is provided. The plasma forming unit 40 comprises a microwave
generating source @1, teregRargpdar watey pidentaben2ingndilzn Evengdnstypd onavegywidie tibes43. 5
The microwave generating source 41 generates a microwave having a wavelength of, for example,
2.45GHz. Thehisltidtdavel e bt Roping 8 Hi GO GRVBTHERAr ANAE SO R @SR 48 pplied fHtothe

plasma forming tube 27, through rectangular waveguide tube 42 and Evenson-type waveguide tube
43. The mixed FL&SPHRtr3GErSails MRS ae?f}dﬁﬁ'p‘:p%%‘&f?ﬁff?@h“fﬁ\éeg‘&g?é%e% 35, is supplied into

the interior %f the pﬁsma forming 10 tut%e 27, and %ij%glied microwave activates the mixledgﬁszy
ma’

this, a down’flow o g%émﬁé’?n%g,i DEEIRE BBSS theippar part 1 The Tower par or the Hlasm?

forming tube 27, I thie pwves £0di9f therplasma-iarming bRe. 20 ABAUUSE 44ilSRIavidedn A fasing

material 45 which communicates with the outlet 44 and spreads downwards in an umbrella-shape or
cone-shape, isqiRédadiinsiip redies ddnB)pihahiasingimaienal 2. b dhe graflowinrowankehife outlet
44 is diffused and provided to the chamber 26. Directly below the outlet 44, a ring-shaped showerhead
47, comprisinguhady gasEhelssm6ps placedidehatshdiveritadndke isges i edtedo tind hitdogem,
trifluoride (NF3) gas source 50 through a communicating tube 48 which pierces through the wall of the

chamber 26, atigrlindadscial dengesilecd Pe dippe dupiphedancorthe inifsaeing tilsepl8ma forming

10 tube 27, and supplied microwave activates the mixed gas. By this, a down flow of gas
plasma is occurred from the upper part to the lower part of the plasma forming tube 27.

In the lower end of the plasma forming tube 27, an outlet 44 is provided. A casing
material 45 which communicates with the outlet 44 and spreads downwards in an
umbrella-shape or cone-shape, is provided in the outlet 44. By the casing material 45,

15 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.

20 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, NFsis 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

25 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



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 flugrine radical by
dissociation. The gas provided on 25 the wafer W is in a plasma state, including égé)m%\%%ogen
radical, hydrogen radical, and fluorine radical, etc. WHén the plasma, formed in the aforementioned
way, contacts {hgesuWacefihthadddetshe N2 Q6F Laavargi\VHaa dibnbaalugiog fRialN; tHaffrag 3 (it has
not been specifically clarified) is formed on the surface of the wafer W. This film easily sublimes when
the wafer W isfoneateditohe temiperatUrkehighier Ian TOBCilanchislglrwihiates Wrben the suaffac® of the
wafer W. In the above-mentioned way, the native oxide film (5i02 film) on the surface 5 of the wafer
W, is eliminatd§#¢diie dofmAmsN e thigktadh 69 tke sodacebminatedidunsissrataconmérine

native oxide film (SiQ2 film) is eliminated, many silicon dangling bonds exist, hut these bond with the

hydrogen (radiai5T iV thelpId¥aRo By BRI AN B AL s Bt s Sdiilay oo RMILRfSN

processing gnitf]tgei%v gpe&vsibx éﬁadril%leltf%e ﬁ}llgtdévr&%eﬂga)gy&% J%gsﬁlrgcessing device. The oxidation
processing anit 1 generates e plasma of the processing gasp y using microwave energy, and by

this plasma, oxidizes, tfie UHAEE BF I SUGRAFURBLAIR 10hicANAIIRS & éﬁi&@?iﬂi‘ﬂqgi%”’ﬁﬁ%-i;rhe

section structure of the oxidation processing unit 19 is shown in FIG.4. As shown in FIG.4, the

oxidation processifitiaitdhGempoisemaniabesHS Widisad (A&ebanioRith Ihnd hedehambridRhls

comprised of aluminum, etc. In the center of the chamber 51, a mounting table 52 of the
semiconductoinnhigsl fdmeaeinBitehisafersiwasehi€his ssibbjectad tapilocessing, is placed. In the
mounting table 52, a temperature control unit, which is not shown in the diagrams, is embedded, and
by The oxidation processing unit 19 is an RLSA (Radial Line Slot Antenna)-type
10 processing device. The oxidation processing unit 19 generates the plasma of the
processing gas by using microwave energy, and by this plasma, oxidizes the surface of a
silicon substrate 101, and forms a silicon oxide film 106.

The section structure of the oxidation processing unit 19 is shown in FIG.4. As

shown in FIG.4, the oxidation processing unit 19 comprises an almost cylindrical
15 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

20 example, from room temperature to 600°C.

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

25 out through the transferring inlet/outlet 53.

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

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



the temperature control unit, wafer W is heated to a predetermined temperature, for 20 example, from
room temperature to 600'C. On the side wall of the chamber 51, a transferring inlet/outlet 53 is
provided at approximately the same height as the top surface of the mounting table 52. The
transferring inlet/outlet 53 is connected to the second conveyance room 16 through gate valve 24.
When the gate valve 24 is open, the transferring in/out of wafers W is carried ZS%U(Sm?BBb%O%
transferring inlet/outlet 53. One end of an exhaust tubd B4 is connected to the bottom of the chamber

51, and the otherashigconngcied 40 apRbaustsySterasbrsgh@s axaayury e 3T kecinterior of
17 October 2006 13 the chamber 51 is set at a predetermined pressure by the exhaust system 55,

etc. for exampbasipée presprasroimofnCPaPtot0 (BKRF{I00nT Borite IMom). Gas supply tubes 56 are
placed in the upper side of the chamber 51. The gas supply tubes 56 are connected to an Oxygen
(02) gas source 5708sHyBIPBGBINGHY) HaPEsgrbn 85 upRadiAegiihaehgabsource B ghewdSupply
tubes 56 are placed_uniformly, for example in 16 places, along the side wall of the chamber 51, in a

circle directiorfB§® Be§ HABSHAIL STl SHBBY the B4LEinRY theg%ses Wiotided
cavall o he Bl g e on U miyDUDg il 2,0 rbIc s gl on e

upper side of fhe ¢ window or of the aperture e

window 61 compyisgs AERISEIANMAICHE!SAL ATPIGEuAIZIRRY ISR RLOAIC mayerial
such as Si3N4, NaCl, KC1, LiF, CaF2, BaF 2, A1203, AN, MgO, and films or sheets of organic

material such psinpQyRtyianewRelyesiek pRlVRRIMB e LeIliesS anriats, RohBIamden ally to
polyvinylchloride, polyvinylidenechloride, polystyrene, polyamide, and polyimide. 15 For example, a
Radial Line SldteApteniribob 2h¢herdinafiternRhSApispnguidde 31 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 condptigpettareift0 is provided on the upper side of the chamber 51. A window 61 is
10 provided in the interior of the aperture 60. The window 61 comprises transmission
material, for example quartz, and SiO, glass, inorganic material such as Si3N4, NaCl, KClI,
LiF, CaF,, BaF ,, Al,0O3;, AIN, MgO, and films or sheets of organic material such as
polyethylene,  polyester,  polycarbonate, cellulose  acetate,  polypropylene,
polyvinylchloride, polyvinylidenechloride, polystyrene, polyamide, and polyimide.
15 For example, a Radial Line Slot Antenna 62 (hereinafter RLSA) is provided on top
of the window 61. On top of the RLSA 62, a waveguide 64 connected to a
high-frequency power source 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
20 circular waveguide tube 65, a coaxial waveguide converter 67 which is connected to the
top surface of the cylindrical waveguide tube 66, and a rectangular waveguide tube 68
wherein one end is connected in a right angle to the side of the coaxial waveguide
converter 67, and the other end is connected to the high-frequency power source unit 63.
RLSA 62 and waveguide 64 are comprised of copper plates.
25 In the interior of the cylindrical waveguide tube 66, a coaxial wave guide tube 69 is

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

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



circular waveguide tube 65 wherein the bottom end is connected to the RLSA 62, a cylindrical
waveguide tube 66 wherein one end is connected to the top surface of the 20 circular waveguide tube
65, a coaxial waveguide converter 67 which is connected to the top surface of the cylindrical
waveguide tube 66, and a rectangular waveguide tube 68 wherein one end is connected in a right
angle to the side of the coaxial waveguide converter 67, and the other end is cortdeRttePes
high-frequency power source unit 63. RLSA 62 and w]a‘k/eguide 64 are comprised of copper plates. 25

In the interior of the wyindfical viare RIGAtoRE166 tReCRBXIAINNaNEr gifidedbtir @8dsoplaged (d he
coaxial wave guide tube 69 is comprised of an axis member made of electrically conductive material,

and one end gbtheuttive i donadotddda mead\gtndedebedyol7 October 2006 14 of the top surface of
the RLSA 62, and the other end thereof is connected coaxially to the top surface of the cylindrical
wave guide tube 661F1T hawsvasPiaplaievied BIRASK 62 Ao A KiSs RRESA08 Xetipieses
plural slots 62a, 62a, ...., which are provided on the same circle, on the surface. Each 5 slot 62a is an

almost rectan@jé“iﬁé TR 8ARN, 2t 485N i 618 9 SAMSISUELF sBNHAE tHsASFe ab&CRght

angle with each r and fqrm an almost letter of T. The.length, and placement interval of the slot 62a
5 Getormines g o T O g B o s G A s

high-frequency, ROWEY SPULES ﬁ%ﬁt%ﬁ]@@/%&?%%p Y PRWE SPLEGE M@ JERETHRS Rnoth

microwave of for example 10 2.45GHz at a power of for example 500 to 5kW. The microwave

generated fromyihglRighcliegiianay POMELKRAWES Wnit@amindpnsioiaddedhriieniaeither the
rectangular waveguide tube 68 at a rectangular mode. Furthermore, the microwave is transformed

from the rectahgihidranode yova cirgelaramogfomttie bogxiativavegpoecsouertambi/ornd is
transferred to the cylindrical waveguide tube 66 at the circular mode. The microwave 15 is further
transferred in a sprEz ligheisyupeckimpensar vwaveguidet toBegeseraied is iiathate Pbripthexsipp2a of

the RLSA 62. The irradiated microwave transmits the window 61,
10 2.45GHz at a power of for example 500 to SkW. The microwave generated from the

high-frequency power source unit 63, is transferred to the interior of the rectangular
waveguide tube 68 at a rectangular mode. Furthermore, the microwave is transformed
from the rectangular mode to a circular mode in the coaxial waveguide converter 67, and
is transferred to the cylindrical waveguide tube 66 at the circular mode. The microwave
15 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,/
20 H,=10:1:1, from the gas supply tube 56. By the microwave transmitting the window
61, high-frequency wave energy is conveyed to the mixed gas in the interior of the
chamber 51, and high-frequency plasma is generated. At this time, because the
microwave is irradiated from the many slots 62a of the RLSA 62, a high-density plasma
is generated. Here, activated species in the plasma formed by using the RLSA 62, has
25 an electron temperature of about 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



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. At this time, because the microwave is irrad%@%“?w many
slots 62a of the RLSA 62, a high-density plasma is gelnserated. Here, activated species in the plasma

formed by usingrtheeRLGArfRd, has 2N anegjeaicon tenapeaiaiv iBeofaleot @ FlionZe \Provitis sMaysy
according to the RLSA 62, plasma- activated species which activate relatively placidly is formed. By
an exposure tbyhe genevafed highrdensitiaplagnte anioxidatonafehaewafes Wel%i Ootoheg 2006 15
surface is carried out. Namely, the Ar radical in the generated plasma, provides energy by acting to
the silicon subitthteBethe Mvateerwoserfeescan - butadisal SpHBRdinY-Withoedial StHerSEurtietore,
oxygen (0) radical forms a Si-O bondintlg with Si. In this way, the surface of the silicon_substrate is

oxidized, and ¥ &Y SKIRESINT Jheri ISR SPRSTENAAT (B*3ART; i@ rindidicar iddsnddny o ¥dical

which generseltesafroqré n2 b%n$ %ity tth?n%iddangling bond, and stabilizes the formed silicon oxide film
and improves tha Ting qua i%y. he hl?nalng processing unit 20 is the same RLSA-type plasma

processing device &5 e xidafin pracassinnihdd. Ihe nitiding ROGaSSIRY ML AR T Ms:A Silicon

nitride 10 film 107 by nitriding a part of the surface of the silicon oxide film 106, formed in'the

oxidation procgs$iighunibd the ot iding pRGasSSINg MitidphRasAlRRashihfgae structure as the
oxidation processing unit 19 shown in FIG.3. What differs from the oxidation processing unit 19 is that

nitrogen (N2) gas iSlappliediinspeact of oxygar? (02 tgasarte RESWrigprgplbpaquessinmeadmikechgas of
At, N2, and H2 is applied at the ratio of, for example, At/ Nz/
the oxidation processing unit 19. The nitriding processing unit 20 forms a silicon nitride
10 film 107 by nitriding a part of the surface of the silicon oxide film 106, formed in the
oxidation processing unit 19.
The nitriding processing unit 20 has almost the same structure as the oxidation
processing unit 19 shown in FIG.3. What differs from the oxidation processing unit 19
is that nitrogen (N;) gas is applied instead of oxygen (O;) gas. In the nitriding
15 processing, a mixed gas of Ar, N, and H;is applied at the ratio of, for example, Ar/ No/
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
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 nitrogen, bonding with this dissociated Si, a Si-N bond is generated.
In this way, a part of the surface of the silicon oxide film is nitrided, and a silicon nitride
(SiN) film 107 of 0.5nm to 6nm is formed.
25 The CVD unit 21 forms a high-permittivity film 108, here a tantalum oxide (Ta,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.



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 containin
nitrogen, bonding with this dissociated Si, a Si-N bond is generated. In this way%a?ﬁ%‘ﬁo@ﬁr@%@rface
of the silicon oxide film is nitrided, and a silicon nitridel?SiN) film 107 of 0.5nm to 6nm is formed. 25
The CVD unit 21 foxmshawighr pacdttivisydilnm 108 berempartalum 0xida Chaiddb)filchapmdheGurface
of the wafer W, wherein the nitride processing is carried out , and the SiN film 107 is formed. FIG.6
shows a plan thactrebéitiie GO aerin@ile I'oQuicbeo20lBnih6ns shalvn danffdGo6 thhen@viorurit 21
comprises an almost cylindrical chamber 70. The chamber 70 is for example comprised of aluminum.
In the center dhthehiebabY Of athitscapaprdérioocenseyéeptbe VR Worsaroidethe wafer W, is provided.
On the upper part of the chamber 70, a showerhead 73 having plural 9as supply 5 holes 72, is

I

provided so that it Qﬁp%egﬂﬂg%élﬁtg}eﬁh. BFEC@S%&‘B&@@L‘?&?)yqiﬁ{?‘fén%cﬁ)rlﬂr’fé‘&tgﬁstéuﬂ’{gy |
showerhead 75, processing s salor 14 5. conecied 1 o5 Praceseing cas Suppiy NG Jn s

example where a IS being'To 0Cessing gas Comprises, example, organic

tantalum gas WHiGR 8 He3-HRAPQRERERAPYS: 10240 Gecloh 1Y SXAMRIE, PENfR-EMNRRYIANGI R gas

(Ta (OC 2 H 5) 5) and nitrogen gas which includes oxiding gas and moisture, and inactive gas as a
carrier gas, fopgxample sigompaRslinthese processing gas are bonded just before or in advance, and
supplied into the shower head 73, and is supplied to the whole surface of the wafer W through the gas
supply holes 72. In this example where a Ta 0 s film is being formed, the processing gas comprises,

for example, organic tantalum gas which is heat-vaporized to 100°C to 200°C, for

10 example, penta-ethoxy-tantalum gas (Ta (OC ; Hs) 5) and nitrogen gas which includes
oxiding gas and moisture, and inactive gas as a carrier gas, for example argon gas.
These processing gas are bonded just before or in advance, and supplied into the shower
head 73, and is supplied to the whole surface of the wafer W through the gas supply holes
72.

15 In the circumference of the suceptor 71, a baffle plate 76 having plural baffle holes
75 is arranged. The gas supplied from the showerhead 73 to the interior of the chamber
70, flows downward through the baffle hole 75. In the bottom part of the chamber 70,
plural exhaust ports 77 are provided. The exhaust ports 77 are connected to the buffer
tank 78. By the buffer tank 78, the gas supplied to the interior of the chamber 70 is once

20 stored, and by this, a uniformity in pressure in the chamber 70 can be gained.

Furthermore, the buffer tank 78 is connected to the exhaust line. The exhaust line
connects to a vacuum pump etc., and sets a predetermined pressure in the interior of the
chamber 70, for example at 0.13kPa (1 Torr).

Down below the susceptor 71, a heating room 80, made of quartz etc., through

25 window 79, is placed. In the heating room 80, plural heating lamps 81 such as the
halogen lamps are provided. By the heating of the heating lamps 81, through window 79,

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



15 In the circumference of the suceptor 71, a baffle plate 76 having plural baffle holes 75 is arranged.
The gas supplied from the showerhead 73 to the interior of the chamber 70, flows downward through
the baffle hole 75. In the bottom part of the chamber 70, plural exhaust ports 77 are provided. The
exhaust ports 77 are connected to the buffer tank 78. By the buffer tank 78, the gas supplied to the
interior of the chamber 70 is once 20 stored, and by this, a uniformity in pressurﬁ?n(?ﬁ@l&?{a%ﬁ%r 70
can be gained. Furthermore, the buffer tank 78 is conrlécted to the exhaust line. The exhaust line
connects to a kacam e MBec C andEEtsCa predetermined pressure in the interior of the chamber 70,
for example at 0.13kPa (1 Tort). Down below the susceptor 71, a heating room 80, made of quartz etc.,
through 25 windowW7 $héssplasedl. of tiecheaifiag 1o.onir8dsfpturg) mdettingliadip s piosudhlas the
halogen lamps are provided. By the heating of the heating lamps 81, through window 79, the
susceptor 71 @darEHedYidicorine keighivetiroyusceptoat/d prddetpmifraanemneifaniied SE70ctober
2006 17 for example at 300'C to 600 C. On the side wall of the chamber 70, a transferring inlet/outlet

82 is provided BMESIOKHESR e SHNEVRBTSHOEIHe Liualbthf sate TRl G afsreVRRNiHIE B Stet 82 i

connected t§ (g second SonveyARGe Fam. 16 Lraygh ihe aalg vae 24 nen e gate 5 valve 24 is
open, the transferring in/out Oft e wafer WHs carried out by the second conv%ance system 25. In the

aforementionecq)I'iz;,ré,ﬁtllljdrgSg,fs&l_gsgl 6D unit 21, CVD processing is carried out for example for ten
minutes, and for example a high-permittivity film (Ta20 5 film) 108 of Inm to 20nm is formed on the

SiN film 107 formegh hiyethg RithiElRipreaassiIPGd Of the @nDealin g LitA2 hiasalinesthgsampstructure
as the oxidation processing unit. The annealing (reforming) of the high-permittivity film (metallic

insulation filmYdi0&anyple rizinttinentiintis fandhéat byahel€YV biginjic2hiitdarfidoh ¢liaiO thHdannedliotg unit
22. Namely, a precursor (ethoxide metal) originated carbon (C), included in the metallic
Inm to 20nm is formed on the SiN film 107 formed by the nitride processing.

10 The annealing unit 22 has almost the same structure as the oxidation processing unit.
The annealing (reforming) of the high-permittivity film (metallic insulation film) 108,
wherein the film is formed by the CVD unit 21, is carried out in the annealing unit 22.
Namely, a precursor (ethoxide metal) originated carbon (C), included in the metallic
insulation film 108, and oxygen plasma reacts, and eliminates as for example CO and

15 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.

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

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

25 be provided.

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

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



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 ba/
reducing the oxygen gas ratio. 20 The spare unit 23 is a multi-purpose unit that iyagﬁﬂ&%lé Q6
another processing unit, for example, as a heating pro€essing unit. To improve the throughput of the
whole formingregstem 10 of the gate insulator, each above-mentioned unit 17 to 22 may be provided.
Furthermore, the number of spare units 23 is not limited to one, and plural units may 25 be provided.
The forming methddinsf, avgtees Wsedabonhidzapiohyirgl theiabegiemi®dtiomedsstruetuegionf A2, forming
system 10 of the gate insulator 104 will be described below, referring to 17 October 2006 18 FIG.2.
First, wafers VP1eBi§havitisss fopser \Wraiie AsgronmMoRsddricsbaressyeitidn ingsedgiermispdred. These
wafers W, are accommodated into the cassette C in Fredetermined numbers, for example every 25,

and mounted SHBPE LS HRIGIALAY tabiand ed0p4besassetsiRuMingleblr 8y ance

system 15 tgkes get%f the %af?liW from the interior of the cassette C, and mounts it inside the load lock

unit 17a. Thenc,at e Saslt ﬁoc unit 17ais closed, and almost the same pressure is set as the second

conveyance room %ﬁe@iﬁ%‘?k@%ﬁﬂ%aﬁ%&%‘fﬁ"ﬁ_éﬁ&&R?H@%Whﬁo%ﬁ?ﬁé‘ﬂl&?w%ﬂ&e system 25

takes out the wafer W 10 from the load lock unit 17a. The second conveyance unit 25 transfers in the

wafer W to the aghin@ Uil kBo@nd iMISHE 0suthR RN table @8 (T Rad thR 1gake: valye 24 is

closed, and the interior of
closed, and almost the same pressure is set as the second conveyance room 16. After that,

the gate valve 24 is opened, and the second conveyance system 25 takes out the wafer W
10 from the load lock unit 17a.

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

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

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

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

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

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

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

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



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
stable film is formed. After the etching processing, the interior of the etching unit /895'8BEEE Y0
pressure 20 almost the same as the conveyance roorh’16. Subsequently, the gate valve 24 is opened,

and the wafer W RItSNsigiegdaotiagriteseiahing iopitnl thdy:thke pesacisoonRYIBNCEB $yBiem 25. The
wafer W is subsequently sent to the oxidation processing unit 19. The second conveyance system 25
is mounted onstheomowiking fabkx &2 pie thenirtefionofitHerdtedxid dtiosuplroeegsimgsuniba Sufitisie the
gate valve 24 is closed, and a predetermined pressure in the interior of the oxidation processing unit
19 is set. The HXldation processing of a surface of a silicon substrate 101, is carried out by 17 October

2006 19 the RLSA-type plasma processing device in the oxide processing unit 19. By this, a silicon
oxide of for exampfe FitF B AN STReRITa oA KPR L BehRidnivns o e 1%0‘1.5%?& the

oxidation prgc%sn%rggtﬁgg interior of the ?(gt(ld%&)rrg)({:gg%ré unit rlo%rlg fgt a&%glmost thedsame pressure

ame pres (S] € ance . € Sgcon
as the second conveyance ro%m S.Pé R]Se , (N€ secon onveyance room transefcers In the wafer W

to the interior af the SIeINGNEs TG FUSMAY A HORRDGS: snddnewaleL Yy Is FRgsferred

out of the oxidation ~processing unit 19 by the second conveyance system 25. After the wafer W is

transferred in,the.aatearabvindd ip&legesh@id hadnterigrohtterirsinemreesgaineanit 10 20 is set
at a predetermined pressure. The nitriding processing of the surface of the silicon substrate 101 is

carried out by processing unit 19 by the second conveyance system 25. After the wafer W is
transferred in, the gate valve 24 is closed, and the interior of the nitriding processing unit

10 20 is set at a predetermined pressure.

The nitriding processing of the surface of the silicon substrate 101 is carried out by
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 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,

20 the gate valve 24 is closed, and the interior of the CVD unit 21 is set at a predetermined
pressure.

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

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

opened, and wafer W is transferred out of the CVD unit 21 by the second conveyance



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 W is transferred out of the nitriding procelsgﬂﬁt?}?ﬁf %Oéy the
second conveyance system 25. Next, the second con\;gyance system 25 transfers in the wafer W into

the interior of ¥yetény R5UNiNZLt, Afitescthmdransiertnceipyefcine vateridts 20 dhevgate Walveodhds closed,
and the interior of the CVD unit 21 is set at a predetermined pressure. A high-permittivity film 108, for
example a taniaiemoroxidecfiinmésliopwed 2. thAfsilidontritstering Q7 thy thef WD thettwoe nltiee CVD
unit 21. The high- permittivity film 108 is formed at a thickness of for example Inm to 20nm. 25 After
the CVD procédsinhgloged.interibe srtgreocfthaanerlisseniid prediatbrriindlicpréaed, RicafHEst the
same as the second conyeyance room 16. Then, the gate valve 24 is opened, and wafer W is

transferred out of th@ Y B RICS BB IHERYEEHHIE A%Ee APSBEBIRSF 08B 190 S Sem 25. Next,

the second conveyance system 25 transfers in the.wafer W.intq the jnterior of the annealing unit 22.
R R N e g o Nt Rty AR o e

After the trans?grrlng In of thé warer

unit 22 is set gha prefelermined, Qrﬁ%“r}!f)%nﬁ\ﬂﬁ@ﬁy M RREESHIHBRAINE (BFiRieAnivAS Plasma

processing device is 5 performed to the wafer W, in the annealing unit 22. Namely, low-energy oxygen
gas plasma isgxpesed.to a high-permittivity film 108, and the carbon (C) in the film is eliminated.
After the annealing processing, the interior of the annealing unit 22 is set at about the same pressure
as the second convdiarbe sonenlik, prbetssthg, gatenvative dtie apesdohghthanrd ikeovafabMitite
transferred out of the annealing unit 22 by the second conveyance

same pressure as the second conveyance room 16. Then, the gate valve 24 is opened,

10 and the wafer W is transferred out of the annealing unit 22 by the second conveyance
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 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



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
cassette C on the cassette mounting table 13. The forming process of a gate inshl2H6 bR 289
comprising a silicon oxide 106, a silicon nitride film 10271, and a high-permittivity film 108 is completed
in the above-mefyigoadipsackis-gahhaaresent aeddiohdsmedlimiedde thpatapanentioned
embodiments, and various modifications and applications are possible. The modifications which may
be applied in the dfofeedotionadienst edimehinehthenmtebary imvielRiorpwillibeddesd tiledabetow. The
structure of the etching unit 18 in the aforementioned embodiment, is only one example, and the
structure may Pedst iy Riribas b a8 treverfacilirdsceliefredvellloB wiphiiateathel pagvisivgide
(Si02) formed on the surface of the wafer W, The structure of the CVD unit 21 is alsq only one

example, and HA& STHRGHE I8y ATE S EF Weh ARty TREORMS BORYigRAENSHIT P i dHMbxide film

on the SiNf% . Furthermo tructure 17 Octgber 200 fi 6%' orming a hjgh-permittivity film,
pesicles the ta A CORMA ke D T b S T PR
provided, and thg Q?B\S@siﬁfg.de film on the surface of the wafer W, is eliminated. However, instead of

providing an etching unit 18, a structure which directly reforms a low quality silicon oxide film 5 (native

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

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

chosen accordingly, from the range of 0.8GHz to 20GHz.



10 However, it may be carried out in the same unit, by for example integrating the gas supply units. Of
course it is preferable that the processing is conducted in different units, from the viewpoint of
throughput and safety. In the aforementioned embodiment, the RLSA 62 and the waveguide 64,
applied in the oxidation processing unit 19, nitriding processing unit 20, and annealing unit 22, is 15
comprised of copper plate. Here, to control the conveyance loss of the microwavé?tf‘?@tﬂ?gfe%%é that
comprise the RLSA 62 and the waveguide 64, may bezﬂigh-permittivity Al, Cu, Ag/Cu coated stainless
steel. Also, the direfitopaohfiitiéaed paitaivoihend iguidinvaegude Ginmaydena sdisaationisegrein the
microwave is supplied parallel to an H-plane such as an H-plane T-branch or 20 in a direction parallel
to a tangent, qgaa. didéotiomwpleraist¢he ohisrovthwenstde gpsi edchertidal Wio Kn, laglHnensubh as an
E-plane T-branch, as long as the microwave is effectively supplied into the microwave conveyance
space, in the irBeH6f of Hewaren e analebiieldwaageanesibpesutfacer g raHecissidIengiiein the
tube, is the sujtable slot interval of the wave direction of the microwave. 25 Furthermore, using a

microwave of RARERS AKEHL SPHGHALN QPR sMa is generated. However, it is not limited to
this, and the-microyave frequency.can be chosen according| f 0.8GHz to 20GHz.
s e T RN R R e

17 October 2006 e gas applie oxida ing'e
aforementioneﬂ)pgi‘a:g.gggirdgg(@@ple instead of At, other noble gas such as Xe, Ne, Kr, and Hr may be

applied. However, to control the damage to the film surface, and to effectively cut the bonding of the
SiO2, it is preferabjdrarpMHY afo\MHERBHE RSk I ERIANE AN RN A SRS BUE MBS IR ING thdN O,

NO2, may be applied besides N2. Moreover, the aforementioned mixed gas ratio of the mixed gas, is
not limited to thferafenainead cared(Patiy YAON ZHD 2) 1182/ ) 1a6dlfd) cama ply, exambpleldne ahitndance
ratio of N, (0,), H,, may be changed respectively in a range from 0.05 to 5. Furthermore,
10 reaction conditions concerning the wafer temperature, and reaction pressure etc., is not
limited to the above-mentioned examples, and may be of any kind as long as a
high-quality SiN film is formable.
In the aforementioned embodiment, the annealing unit 22 eliminates the carbon in
the high-permittivity film using the RLSA-type plasma processing device, but a structure
15 omitting the annealing unit 22 is possible. Of course, it is needless to say that a structure
comprising an annealing unit 22 forms a more high-quality film.
In the aforementioned embodiment, the film in the bottom layer of the stacking gate
insulator 104 is a silicon oxide film 106, but it may be a film containing silicon such as a
silicon nitride film or a silicon oxide-nitride film. In this case, the kind of gas used in
20 the oxidation processing unit 19 is changed. For example, if a silicon nitride (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.

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

film 108 was applied. However, other films comprised of SiC, SiN, etc., formed by



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-permittivity
film using the RLSA-type plasma processing device, but a structure 15 omitting t%%ﬁﬁ@%ﬂi%%oﬁnit 22
is possible. Of course, it is needless to say that a structtire comprising an annealing unit 22 forms a
more high-qualitytile. | mthebafesednentions & simhbe Bis il thevrfilid b yhadorItem payenof 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 dwsiticonsaxiddimititiole fiheverisihs pasetraherkiidropgaisesSeuintR(z e dosdation
processing unit 19 is changed. For example, if a silicon nitride (SiN) film is going to be formed ,
nitrogen gas i$RPEE YaEbag i)y Entbasilisnd uBsEkon oxide-nitride (SION) film is going to be
formed, it may be a structure further adding nitrogen gas. 25 Industrial Applicability In the .
aforementioned entbolimafremeringehidafetdiserls SLsindh-permitivig 58 WiQapblied.
However, ot?ecrofilms c%ri%ri% d ofsggl SiN,.etc. fg_ni@egvgy 17.0ctobﬁr 2006 2 1CS:VEIII%1 (?tc. mﬁ%be

used. In this casrélP{ﬁsg Arforme B‘;’/ llécﬁl?_'s pl‘gsmai %brllsctflc?rtls énsltg iltr(r)l at prevé%lgt

penetration Ofd'H}HbifiEE%FJFQIHc%PF- #q,;gaﬁigﬁ{(ode (polycrystalline silicon) to the silicon substrate. In the
aforementioned mode, the gate electrode 105 of the MISFET 100, is 5 comprised of polycrystalline

silicon. However, itjjs et dioréaeiaidhial anthoaarde armMptiseskeheiconaarmamuvFITtheo is
aforementioned embodiment, the gate insulator 104 of the MISFET 100 is formed. However, it is not
limited to this, fanddtlis phssibleriatapptyt tiaitodnoingdyiof dind it is possible to apply the forming of the
gate insulator in the present invention, to other devices such as a flash memory.
10 As described above, according to the present invention, a forming method and a
forming system of a highly reliable gate insulator will be provided.

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

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

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

20 August 29, 2001 and including specification, claims, drawings and summary. The

disclosure of the above Japanese Patent Application is incorporated herein by reference in

its entirety.



gate insulator in the present invention, to other devices such as a flash memory. 10 As described
above, according to the present invention, a forming method and a forming system of a highly reliable
gate insulator will be provided. Various embodiments and changes may be made thereunto without
departing from the broad spirit and scope of the invention. The above-described embodiment is
intended to illustrate the present invention, not to limit the scope of the present inb&ARALF M
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 file€CbAIMS 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. 17 October 2006 24 CLAIMS 1. A

forming method of g gate jnsulator comprising: 5 a silicon oxide film forming process for forming a
silicon oxide film (106) éh‘JCIHB'QQrfﬂgg&ﬂﬁg&%@mﬂbgﬂ%rﬁﬁ%; a silicon nitride film forming
f inga silicon nitride f f jon gfisaid silican.pxide.film (106);
Bt = forming proceS 16 ToThine e B o T SR, X ol o e
silicon oxide fi{%(ggﬁagg I@gj%ﬁil&%gmgmgu%(m@“Wh)erein: said oxide film forming process
o}

comprises a forming method for forming said silicon oxide film (106) on the surface region of said

Eilicon substrate (1@13ifo@XnPeRIB e Stfineeorbsald sticRipiipHalfiddA hiftde RlasMayererated
g the surface region of said silicon oxide film (106); and
a forming process for forming a high-permittivity film (108) with a higher
10 permittivity than said silicon oxide film (106) on said silicon nitride film (107),
wherein:
said oxide film forming process comprises a forming method for forming said
silicon oxide film (106) on the surface region of said silicon substrate (101) by
exposing the surface of said silicon substrate (101) to a plasma, generated by
15 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

20 irradiating microwave from a plane antenna having plural slits, to a nitride

containing gas.

2. The forming method of a gate insulator according to claim 1, wherein
said oxide film forming process includes a process for reforming the oxide film
25 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.



15 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 20 irradiating microwave from a plane antenna having plural slits, to a
nitride containing gas. 2. The forming method of a gate insulator according to claihACErEIR0said
oxide film forming process includes a process for refo@ﬁing the oxide film 25 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. 17
October 2006 25 33 ThéHlerfamgjmgetreitiad afgagaiesnisutataceoahnding tadhilm whetereisaid
permittivity film is comprised of metal as the main component, and further includes a permittivity film
reforming pro&id RAFRIBININGITLIY GrMRIIEE] Al MR I8 theshgifeosuPrReNS: 3RfTHERAItivity film
to a plasma, generated by irradiating. microwave from a plane antenna havj lural slits,.to an
oxygen contalTRBGES 8 BTN EISE B9 B am IR AELRACRA DA Gk saic
permittivity film reformi r carban js elimi $§fif.f said permittjvi f'I%YJ 2 plasma of
said oxygeng(;‘%?l(§51(|)r§1’|11{rﬁl§1 gags. g&‘%ég %r?%'r?‘g?a r%lﬁﬁ@g f e&'@ﬁ% ?r‘}gllﬁsaﬁg’a%\éc%é%r%#o Ig/lrr%wl?%#\'/v erein
said silicon oxjde-fmAsdarBiahaatbiskesaPhivingy BANA) iraitb ardsdlBreBRiam Mo RS, and
said nitride film is formed at a thickness of 0.5nm-6nm in 15 said nitride film forming process. 6. The
forming method of a gate insulator according to claim 1, wherein said insulation film comprises a gate

insulator of a MISFET.
4. The forming method of a gate insulator according to claim 3, wherein

said permittivity film reforming process carbon is eliminated from said permittivity

10 film by the plasma of said oxygen containing gas.

5. 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

15 said nitride film forming process.

6. The forming method of a gate insulator according to claim 1, wherein

said insulation film comprises a gate insulator of a MISFET.

20 7. Aninsulation 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
25 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;



20 7. 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 25 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; 17 October 2006 26 wherein: said oxide film forming unit (19) forms & SIREBRACEZELfilm on
the surface region of said silicon substrate, by exposiﬁ@ the surface of said silicon substrate to a
plasma, generated Wydn@ieitating microwave from a plane antenna (62) 5 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 silicosadsideidigniiloyfespixingih &1 S\ e sdidailiosidefite dmthesudasena,
generated by irradiatinfg microwave from said plane antenna (62) having plural slits, to a nitrogen
containing gadegipn of said silicon substrate, by exposing the surface of said silicon substrate

to a plasma, generated by irradiating microwave from a plane antenna (62)
5 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.

10



