;edepnB¥l 6T _1 IWWM” SEM CONDUCTOR DEVI CE AND I TS MANUFACTURI NG
METHOD 5 TECHNI e present invention relates to a sem conduct or
device in which an*asgpde film a nitride film an oxynitride film or the
like, is 10 forned on a silicon sem conductor, and the fabrication nethod
t hereof . BACKGROUND ART The gate insulation-filmof a MS 15

(metal /i nsul [ transistor is required Lo have various
hi gh- per f or am@ﬂ@mﬂwwﬂﬂw properties and high reliability characteristics,
such as low |l ea nt characteri ffEgsgIPOWONNt erface state density,
hi gh breakdown vdél%aYe, hi gh resistance 20 agai nst hot carriers, and

uni form threshol d voltage characteristics. The thermal oxidation technol ogy
usi ng oxygen noSEMICONIHICRARIPE VI EANDE SAVIANIFFARTURING MIBIKOD or nor e
has been used conventionally as the 25 formati on technol ogy of the gate
insulation filmthat satisfies the above requirenments. A thermal oxidation
process has been conducted conventionally after conducting a cleaning
process of renoving surface contam nants, such as 30 organic materials,

netal s, and partiTE@ENIgaLa FIEHEY ocessi ng process. In such a conventiona

cl eani ng process, cleaning in di |l ut ed_hydr.of | uorijic acid or
hydr ogenat ed water, for exa%ﬁ%ﬁbé&§3n?slgé?¥g%ﬁgﬂIélﬁgg ,t?o? term nating
the dangling bondseextstidng tax tdev stei tonwsirchace: by hyelr ogen, Zhereby,

formation of a native.gxi%e filmon the.ngLco? surface IS supgressgd, and
the silicon 5 sub$tFat8® hdd haithg® %Y ot 2R Surfadl i% ot har d&d t 65t he
fol |l ow ng t heomal fexmdat ban apracesson | fehbeonbecr oxdgat twa process, the
term nat ed hydrogen at the surface undergoes decoupling during the process
of raising the tehpFafaid s WQﬁ?%ﬂlFE%geﬁé'substrate in an inert gas

at nosphere of argon (Ar), for exanple at a tenperature equal to or nore
than 600 C, approximately. Then, oxidization of the silicon surface is
conducted at apprBi¢ReRePP3A@RIC or nore in an atnosphere to which oxygen

nol ecul es 15 or water nol ecyhgs are.infreduced, Ganvendd onalty, in a case
where a silicon
15 (metal/insulator/silicon) transistor is required to

have various high-performance electric properties
and high reliability characteristics, such as low
leakage current characteristics, low interface state
density, high breakdown voltage, high resistance

20 against hot carriers, and uniform threshold voltage
characteristics.

The thermal oxidation technology using
oxygen molecules or water molecules at approximately
800 °C or more has been used conventionally as the

25 formation technology of the gate insulation film
that satisfies the above requirements.

A thermal oxidation process has been
conducted conventionally after conducting a cleaning
process of removing surface contaminants, such as

30 organic materials, metals, and particles, as a
preprocessing process. In such a conventional
cleaning process, cleaning using a diluted

hydrofluoric acid or hydrogenated water, for example,



oxide filmis formed on the silicon surface by using such a thermnal

oxi di zation techni que, satisfactory oxide filmsilicon interface
characteristics, high 20 breakdown voltage of the oxide film | eakage
current characteristics, and the like, are achieved only in the case where
a silicon surface having the (100) orientati®on is used. Further, remarkable
degradation of |leak current occurs in the case where the 25 thickness of

the silicon oxide filmfornmed by the conventional thernmal oxidation process
is reduced to approx@eRterfesd @ dratlesstoThis Ml aa helhe dipRPddNY t o

realize a high-pesdofaepce mipiatdy iaed L{anshst Qudfiaie r@ﬁ“b&@%o@%ﬁr.ease
of the gate 30 insulation filmthickness. Further, in a crystal silicon
havi ng a surface Dr¢epputi §aroaidron h 2heatig®) cswiidant&ifonoor the

pol ycrystalline sid4 g r-ally :havi -3 prifar.i 111)-aqriented
surface on an in:éuliiaf?grrll Elﬂ?r%%%eynt%?f%ﬁ;%pg?gtsg%der?&%?yﬂﬂa% %%%}%Qigde
filmsilicon bnt evdlageraser emaskdidwidg gh aleceonparethae t hs t hergilridean
oxide filmforne ontthe 5 ElOO)-orientedlsiIngQ.even when t he iili on
oxide filmis formed by OSFATERE tHEFHRT L oRFASEI It SHIOT 3Gy, THud %
silicon oxide fildAdwwaDgoa iteduerd diddaéhi ckRess osiSesses poatogleectric
properties in terns of breakdown characteristics, 10 | eakage current
characteristics, dnd-iheSHrkEceHIMEETIPRP eIRSE UPdeR R HERHOf Thfcr easi ng

the filmthicknessrofetheosi kagan Rxides fLEApvhRan WS NOE stigd 813k kisg0oNn
oxide film Meanwhile, the use of |arge-dianmeter 15 silicon wafer substrate
or large-arehOgl &P stbdtrata a$ iINgEasTay ehaserd@Rre fof *APPBVI(AF Ithe

efficiency of semigpo 5 devi ce nﬂﬂéjf. Pe LRQMHd to.f t istors
on the entire surfacgg%% gggh%§ %aﬁg%-5|z%£§ugst?%%g'S%%HQEnﬁ?g%nﬁgg%
characteristics &t wi€h apghoximaughiut , @hehnswixdtdicre tiém 66r rheg

P oeess Conduct e ot Boh oI SRS 3L 38, 0810 (LR LRp TR e o
t enper at ure deperdencerésibanequinteechhd net he eadventd:onadnthelsaliles
oxidation progess; there has,geen & large;flughuatipn of
Conventionally, in a case where a silicon
oxide film is formed on the silicon surface by using
such a thermal oxidization technique, satisfactory
oxlde film/silicon interface characteristics, high
20 breakdown voltage of the oxide film, leakage current
characteristics, and the like, are achieved only in
the case where a silicon surface having the (100)
orientation 1is used. Further, remarkable degradation
of leak current occurs in the case where the
25 thickness of the silicon oxide film formed by the
conventional thermal oxidation process is reduced to
approximately 2 nm or less. Thus, it has been
difficult to realize a high-performance miniaturized
transistor that requires decrease of the gate
30 insulation film thickness.
Further, in a crystal silicon having a

surface orientation other than the (100) corientation

or a polycrystalline silicon generally having a



oxidation reaction rate with respect to tenperature fluctuation, and it has
been difficult to produce sem conductor devices wth high throughput while
30 using a large-area substrate. In order to solve these probl ens
associated wth the conventional thermal oxidation technology, nultitudes
of lowtenperature film -4 formation prodesses have beer. attenpted.
Anong ot hers, the technol ogy disclosed in Japanese Lai dOpen Pat ent
Publication No. 11-279773 or the technol ogy disclosed in Technical D gest
of 5 Internati oRFLTARCtY ohl DeVi O&d AT nyi £ 1899, Opp 2PUF-P3%LabEorn 2000
Synposi um on VLSl jfechnol ogy; P-gest «f dachni gal Papes Sx e 76- 177
describes a process in which an inert gas is 1ntroduced into plasna

t oget her with gdsdouss okigen ipkecdlaes UP rémpcbypbeif dctdlvedy causing the
inert gas havi ”%o@rﬁleaa{eqc? vfz@ﬁlskﬁg'%i'ﬂvcent&f&QdE‘itlm”k% i zatiga of the
oxygen nol ecul es. nce, relatively good el ectronic properties are

achi eved. |5 thdde d)echniDédowyedssid imcery eweve wisehS threr adilat @sinh t oxt He m xed

gas formed of krypton that . is an inert g and _an oxygen (Qz) gas, the
m xed pl asma of TK “bﬁﬂégigf§e§eﬁgréfﬂﬂ¥gdﬂﬂaagﬁﬁFﬁélaﬁBUﬁ¥9%¥o tomic state
oxygen O are feem@tollh@pn. thauexi datdion ®3nsbkigen fiscangeichgdaat a 20

tenperature of about 400C, and | ow | eakage current characteristics, |ow
interface statef§EWSie%Y,Tah8 RPdR kBedsk dSUhs $oF BAgB oedmsaradt 81 €o t hose of
the conventi onal, AheriB c 9Xi dat Lon Al achl SVeGwn FUhthelot ACLOEdERg to this
oxi dation technol ogy, a high 25 quality oxide filmis obtained also on the
silicon sur¥acelgakate € sOrtate cOriramtay byt beher anarkitchel {490) surface.
However, in suchedconvaniionghsShlleson qdde Lkl antorumali.n Lechpohaoy
using the mcrowave3(0 excitéed plasma, in spite of the fact that the

oxi dation is comtiictketkdy ofi hjeatddiic et aieideyféhmOwhemlys angi bucon
oxide filmhaving electric prqperties conparable to those obtained by the
-5 conventionalatﬁéﬁﬁﬁo%x?géagoﬁlﬁﬁbcess t hat uses oxygen nol ecul es or

wat er nol ecul es i s obtai nedealPahtileyl aHe/,udé baslbeer-idipnsstdlte to obtain

t he good | ow | eakage current characteristics in the 5 silicon oxide film
havi ng a t hitknéss 3$CphR bR naterF 2 Hfnr 1 2E96ATERe Fiditon substrate

surface. Thus, ktuphas-deen;di fhktedhts it rasddzeqhi,ghtRer fiAd®HEeng the
mniaturized transistors that require further decrease of the gate
i nsul ation fil mPfditHiTkmes’E SPRLCAMAP TP T HéS¥ASE BF CBiIf/er? onal t her mal

oxi de film formtin techaolQoy s RWhiNe ns therenbagphaen & problem khat
degradati on of conductance caused by hot carrier injection into the oxide

filmof a transesicdr a crangedegradaribetiteletthi sngfoparties with tine

such as in as f Igggﬁg r ) eyi C es. tunnel i ng of
el ectrons t fougﬁgfﬁ% Sl |%%%8%x?gé'ﬂ%kﬁ1§§q% ?ﬂ%ggéggﬁﬁi a flash nmenory,
occur nore noti ¢eabllattiheam fnlthéocasmaovereceshe sphidoateakiale 2016wl mi s

formed by the c réverét iaona]!: thgr mgl Rrocesses. D£§Q$U§§t03 éI'HE | NVENTI ON
Accordingly, a geﬁg?éi'%bj%c? of St K& SISEeH® T nvBht MoR 11 ﬁ?gvpgé a
novel and usef ukeZpesamconduitagedavi ¢eaicth@ &abebeatinen ared hod t her eof
In which the pr%%??ﬁ%é#*%ﬁ&?ﬁ& ggg&ﬁ %g%éggalgggegépendence is
25 required. In the conventional thermal oxidation
process, there has been a large fluctuation of
oxXidation reaction rate with respect to temperature
fluctuation, and it has been difficult -to produce
semiconductor devices with high throughput while
30 using a large-area substrate.
In order to solve these problems
associated with the conventional thermal oxidation

technology, multitudes of low—temperature film



A nore specific object of the present invention is to provide a
| ow-t enperature plasma 30 oxidation technology as an alternative to the
conventional thermal oxidation technology. Another object of the present

invention is to provide high-quality insulation filmformation -6
technol ogy at |ow tenperatures that can be~dpplied to silicon surfaces of
every orientation. Still another object of the present invention is to

provide reliable, high performance, 5 and mniaturized senm conduct or
devi ces using suéRTAIRGH-QUAPTPGSFASE] AGVEh H¢9™n 2 BEARPILEN t edHIRNBgy at | ow

tenperatures, paptheuylar '&’h&%‘@ﬁhé&lgbj {0 Al £dyCh Koyl qieevééena%&ﬁsr‘

menory devices, and three di nensional “i'ntegrated circuit "devices 1
provided with a PbenalHatersf Puahsicstdron dfo vallobd2fdActirortted enents, and

to provide a fabrication upthod thergofy, Adurther, ogjset of, the present
invention is to provide a sem conductor device conprisirng a 15 silicon
conpound | ayer fannmedna@ticosal i Ebacsubhadsvides eMaethegsi 11%am, conpound

| ayer contains at | t redet erm i nert gas and has _a _hydrogen
content of 1011{832%§§1 : 'iﬂrtéPng%gg:ﬁﬁqgﬁéhﬂﬁngpt P553@§§h%§}085ject
of the present ipveRlsiton f STéOnRLEYL AR s CORIUELON 7MY HEvé §€a

conprising, on a common substrate, a transistor including a polysilicon
filmformed on aP$PIceden Surfatehvirl anEatstIas | 8oANESPPRERE 1 8Ye?, and a

capaci tor 25 inchLydisna & second, sikikgon compound, | g¥ar nbaldma an a
pol ysilicon surface, wherein each of the first and second silicon conmpound
| ayers cont diths ahelredyt <f fretdevelri vedsime ttiyasinnd thgs sa Hardingea
o 20 or LRSS s d okl ABUIR o slage: dens! blodnl beropect
pol ysilicon | ayether caymrephouslschileen | alsercd prnetlatively good
electronic properties are achieved.
In these technologies, a microwave is
15 irradiated to the mixed gas formed of krypton (Kr)
that is an inert gas and an oxygen (0,) gas, the
mixed plasma of Kr and O, is generated, and a large
amount of atomic state oxygen O* are formed. Then,
the oxidation of silicon is conducted at a
20 temperature of about 400°C, and low leakage current
characteristics, low interface state density, and
high breakdown voltage comparable to those of the
conventional thermal oxidation are achieved. Further,
according to this oxidation technology, a high-
25 quality oxide film is obtained also on the silicon
surface having a surface orientation other than the
(100) surface.
However, in such a conventional silicon
oxide film formation technology using the microwave-
30 excited plasma, in spite of the fact that the
oxidation is conducted by using atomic state oxygen

O0*, only a silicon oxide film having electric

properties comparable to those obtained by the



on a substrate as an active layer, wherein a silicon conmpound | ayer
containing at |east a predeterm ned inert gas and having a hydrogen content
of 1011/cnmR or less in 5 ternms of surface density is forned on a surface of
the silicon layer, and the sem conductor device drives a display device
formed on the substrate. Another object of the present invention is 10 to
provide a fabrication nethod of a sem conductor device on a silicon
surface, including the steps of: exposing the silicon surface to a first

pl asma of a firstcdnmmntiasadotasnmaly ewwi@ahydnoPer edstihgtonsas | east a

part of the Siiiconoufacectiiin advapces. andigeneraling a,seepnd ol asm

of a m xed gas o econd Fnert nd” one of I'nds of
gaseous nolecule@aﬂﬁmbﬁbaﬂlyg,lanﬁdﬁabnémcmmpsssmmmﬁ e sobbteon earpound
| ayer containing 20 part of elenggts const,ituting, the gaseous

Ieaf
nmol ecul es under é“ge%%%d 6?2? ST Her OBFERE T6F 1He Pt ebBnt Pnventi on

is to providesa fsa.qu@caﬁl@ﬁlaet iquHofhaamsIe@ gonduchere Smfy device having,
on a comon substrate, a 25 transistor including a polysilicon filmforned
on a silicon surﬁ@ﬁ?%ﬁhm%tﬁﬂVs?|W%nﬂ%11%%sfPPnF§ﬁj%%%%ﬁ@%l?BPStﬁﬂﬁﬁhng

a second insul atiQn-4444n forpped on @ fol Y§ééh09@f%lircfﬁ0@ td nEéH‘J’J&EQ the
steps of: exposing the silicon surface to a first 30 plasma of a first

inert gas so as togtenmvefhydrsgen @xitid Wgronedt treasti stpast thRtt he
silicon Surfacelﬂ%é§W@QC§hr@ng decrease of the gate insulation film

10 thickness, similarly to the case of conventional
thermal oxide film formation technology.

Further, there has been a problem that
degradation of conductance caused by hot carrier
injection into the oxide film of a transistor, or

15 degradation of electric properties with time such as
increase of leakage current, in a device that causes
tunneling of electrons through the silicon oxide
film as in the case of a flash memory, occur more
noticeably than in the case where the silicon oxide

20 film is formed by the conventional thermal processes.

DISCLQSURE OF THE INVENTION
Accordingly, a general object of the
present invention is to provide a novel and useful
25 semiconductor device and a fabrication method
thereof in which the problems described above are
eliminated.
A more specific object of the present
invention is to provide a low-temperature plasma
30 oxidation technology as an alternative to the
conventional thermal oxidation technology.
Another object of the present invention is

to provide high-quality insulation film formation



generating a second plasma of a m xed gas _g_ of a second inert gas and
one or a plurality of kinds of gaseous nol ecules, and form ng, on the
silicon surface, a silicon conmpound | ayer containing at |east a part of

el enments constituting the gaseous 5 nolecules as the first insulation film
under the second plasma. Anot her object of -tthe present invention to provide
a fabrication nethod of a sem conductor device having a polysilicon | ayer
or anorphous 10 silicon layer on a substrate as an active |ayer, including
the steps of: fotfialiolvggast sabstiemneratelrepcohaltaypan flog neppbyedai d

pol ysi licon IayeEoo%jan$gggog§r%g¥%r;0%563599 ngign%%kﬁsgfbof said silicon

| ayer to a pl asna of TSt rnert gas so as r enove gen existing on
at least a part of said sur$atélofnsaiitbsidbhtent| afertheamkgesrerati ng a
pl asma of a m xed _gas of a 20 second i.nert d one urality of

R ooy gaseone el B oPRon e B aPig, R ult b

llayer, a silizonag@mpoiiistayeteuneleddidithd@icteastieaipayd 0fiehe8RARS
constituting said gaseous_ nol ecul es. 25 According to the present_invention,

it becones possi BENHEDhpFEL &Py UleFhRR stk FRCEPEMAIEHET rigs PP 698K éven

at | ow tenperat ung,of: AROLE, 4006 Ol 8551k N2 S0P | RUQUS; iYQLLSSi ng Wi t hout
br eaki ng vacuum and w t hout degrading the 30 planarity of a silicon

surface. Hence, iintbegpmsesdbtéreyiftodavalas| i Ebasbxmgadyy rdesli¢pgonand
T 1 L uadrd STt g e pg e stdcs oo
conventionall® hepmalviciedlavioh prodess lartyn ¢f ohawesplsasmes processings on a
f;L;?O” of any syiface QT eNLathon at Jpw derpshahirg o fbout, 508 C or
method thereof.
A further object of the present invention
is to provide a semiconductor device comprising a
15 silicon compound layer formed on a silicon surface,
wherein the silicon compound layer
contains at least a predetermined inert gas and has
a hydrogen content of 10'/cm? or less in terms of
surface density.
20 Another object of the present invention is
to provide a semiconductor memory device comprising,
on a common substrate, a transistor including a
polysilicon film formed on a silicon surface via a
first silicon compound layer, and a capacitor
25 including a second silicon compound layer formed on
a polysilicon surface,
wherein each of the first and second
silicon compound layers contains at least a
predetermined inert gas and has a hydrogen content
30 of 10''/cm® or less in terms of surface density.
Another object of the present invention is
to provide a semiconductor device having a

polysilicon layer or amorphous silicon layer formed



+5,Consequently, it becones possible to realize a mniaturized transistor
integrated circuit having high reliability and high performance. Al so,
according to the present invention, it becones possible to forma thin and
hi gh-quality 10 silicon oxide film silicon nitride film and silicon
oxynitride filmhaving good characteristids such as | eakage current and
breakdown voltage even on a silicon surface of a corner part of a device

i solation sidewall of, for exanple, a shallowtrench 15 isolation or on a
silicon surfac8PhdviStP - 5uEeage £ MAALYE ptdY@Eti ons and depressi ons.

Consequently, it becomes possibleatq;achigyve-bhghndansiy. device
integration with a narrowed device isolation wdth and hi gh-density device

i ntegration haepngadntinee20 Heaensicomaledtrecmined KEmeaddiddonandy using

the gate insul gt i pr Jjnvent ian,. it gssible to
realize a fl asﬁgkrfg% ya glez({if:%ggﬁdctgﬁ‘gcréltnﬁ(eoga%gb?é:mof O\g?;lr?%fsl clargt ly

i ncreasi ng 3 heteunmsero fofsur fimseotie?S irtgwiid | Higrmédr bher, sacctace ngfto t he
present inventipn, it becones possible to forma highquality silicon gate
oxi de fiIn1andt§FIFdﬁﬁ‘ﬁﬁ%gfﬁygFrdénpiIn1even on a polysilicon formed on an

30 insulation filmand hayhégsampeedamdt |ye¢1dd) denkent ed slshage. As a
result, it becones possible to realize a display apparatus that uses a
pol ysi | i con tr3R¥iL&Corf HARHgORI GREdSIAASIF BbRti ty, -10 and further, a

t hr ee- di nensi onal inFegfahﬁﬁtﬁéicebﬁé$%”éE*EWeE?#EQe%tPHH#%AEYonis
transistors or functional devices are stacked. | EF DESCRI PTI ON OF TH
DRAW NGS RIQG. 1tpspaosgrfeept ubibdiggramrofmetipbdsed appardtasndpatonses a

o enea”or ChUMAENRis FLO L2ohe sh lact el shle-g 0o sl pg e
at a silicon surface exposing the silicon surface to a first
plasma of a first inert gas so as to remove hydrogen
existing on at least a part of the silicon surface
15 in advance; and

generating a second plasma of a mixed gas
of a second inert gas and one or a plurality of
kinds of gaseous molecules, and forming, on the
silicon surface, a silicon compound layer containing

20 at least a part of elements constituting the gaseous
molecules under the second plasma.

Another object of the present invention is
to provide a fabrication method of a semiconductor
memory device having, on a common substrate, a

25 transistor including a polysilicon film formed on a
silicon surface via a first insulation film and a
capacitor including a second insulation film formed
on a polysilicon surface, including the steps of:

exposing the silicon surface to a first

30 plasma of a first inert gas so as to remove hydrogen
existing on at least a part of the silicon surface
in advance; and

generating a second plasma of a mixed gas



and, silicon on the exposure to Kr plasnma as neasured by an infrared
spectroscopy; FIG 3 is a characteristic diagram show ng the dependence of
silicon oxide filmthickness on 15 the gas pressure of the processing
chanber; FIG 4 is a characteristic diagram show ng the depth distribution
profile of the Kr density in the silicon oxif%e film FIG 5 is a
characteristic diagram showing 20 the current versus voltage characteristic

of the silicon oxide film FIG 6 is a diagram show ng the relatiaonship
bet ween the | eak&de cui?ertdcharitt 43%t3re BFet RE § Bt bkidefi | m and

the 25 silicon oxynidd ide fhtpbuanehdita-didm thheknessiidd God LBed
characteristic diagram show ng the dependence of the silicon nitride film
t hi ckness on t he sgdsi gressuréack t lfe Priokessi agmehamserkayd G cgnikgiaing
characteristic diggr oW 0 the p 1 SSI d.nt.ensit f i
state oxygen and agt olarg%égtgégﬁgdf)ggeenl%&r?ﬁgen ?lghg%&ftuf%r}?r%t?%% 8?%8%%
silicon oxyniiri delfddulefl & @hies fda rcharacselastiba diidgr amsdowchg - 11

t he el enment al distri%g%io in the silicon oxynitride film FIG 10 is a
characteristic di*&gt= s$£Wﬂ©'the current versus voltage characteristic of

5 the silicon oxynitride fihAbthk@Sophlht+ dACtAEEpERREEDE Ubhvention to
crosssectional views of the shallow trench isolation; FIG 12 is a
cross-sectional WAV e a2t hprREIGetdindt FMFRPFafsi &t ST TG SROA silicon

10 surface havi ngaRiigi&ch 498 a@dtp%q@rselspi@@ﬁ; 1EVGr b3 isndrisrbeguatic

di agram of a crosssectional sfructure of a flash nenory device; FIG 14 is

a schematic kf 0s$19c@nhdYore®nf ér sadpt f dFAgashanf &stice’ | bay At hod of
the 15 fl ash nenq$%1q§¥1§§ QRetQ%e%E?%ﬁ?$ i nvention step by step;

forming, on said substrate, a silicon
layer formed by said polysilicon layer or amorphous
layer;

15 exposing a surface of said silicon layer
to a plasma of a first inert gas so as to remove
hydrogen existing on at least a part of said surface
of said silicon layer; and

generating a plasma of a mixed gas of a

20 second inert gas and one or a plurality of kinds of
gaseous molecules and forming, on said surface of
sald silicon layer, a silicon compound layer
including at least a part of elements constituting
sald gaseous molecules.

25 According to the present invention, it
becomes possible to completely remove surface-
terminating hydrogen even at low temperature of
about 400 °C or less in continuous processing
without breaking vacuum and without degrading the

30 planarity of a silicon surface. Hence, it is
possible to form a silicon oxide film, silicon
nitride film, and silicon oxynitride film, having

characteristics and reliability superior to those of



FIG 15 is a schematic cross-sectional view for explaining the fabrication
nmet hod of the flash nenory device of the present invention step by 20 step;
FIG 16 is a schematic cross-sectional view for explaining the fabrication
met hod of the flash nmenory device of the present invention step by step; 25
FIG 17 is a schematic cross-sectional view-or explaining the fabrication
nmet hod of the flash nenory device of the present invention step by step;
FIG 18 is a schematic diagram of a cross30 sectional structure of a MOS
transi stor fornmed sonliacoet akidebdtirlat £ SGhedFb@G al@ansremn thocapt ual di agram
of a plasma apparat C ated to a ubstrate -12 or plastic
substrat e; FIG;%ﬁ%¢§?§:§%gg%g P% ﬁ%ﬁﬁ%ﬁ%o?éa%éggﬁﬁﬁﬁﬁiQ%%ﬁm%tructure of
a polysilicon t pansiesd®ingn an ansullatdon 6fl aAhyasthrF s oRlehB8ation
conceptual diagramof a cross-sectional structure of a three-di nensional
LST. BEST MODE PR JARRYENES 8T UTEE A NENTY ENO P8r e naft éfSSvar i ous

preferabl e 19 erkadid®idstip, WRkChddnds esestibnventd aned siappkied will be
explained in detail with reference to the draw ngs. (FIRST EVMBODI MENT) 15
First, a descri pioi 126 §rees i¥tan bxFeagrhitem fCorimiti onhavirew

tenperatures by Uyng M 8sP8: 1 ELG, 0l 181 §h CLOS o3RG Qnal vi ew showi ng an

exanpl e of a plasma processing apparatus” used in 20 the present invention
and using a radial line slbdlsant ewmrardimghis éhbBodires®nt i invedelono

renove the hydrqge 1 hating. ng} i on at i{icon surface,
Kr, which is usgL }sé{%@égl égrsrglg% %:ﬁ ig]%ocﬁr SQgggiinn atnﬁieshslu%}%eaﬁgg té’xi de
filmformti®n priddess; ¢sidsediland giel cenonak rpdecesislof 4he

surfaceterm nating .hydrogen and.the i dati on process are conducted in the
Sane processi ng Shamfit COREFHEGHS v 4b ERYSED HO0Ac A RASSeF L¢ br6cessi ng

chanmber) 10l is seMACudd elle aREgan oA r@s: | Snd NbEeduaedd ivst 4 gemaeghoner
pl ate 102. Then, the -13 gas is changed to the Kr gas. Further, the
pressure insi de%hé protkSePnguchamFerP LA FIrREF PFTdbAt Aa3devicpa (1

Torr) . Next, a;Sidif0Mbsubsheate 1103 | scplacgdnped a shage dP4chavicpg a
heati ng mechani sm and the
15 isolation or on a silicon surface having a surface
form with projections and depressions. Consequently,
it becomes possible to achieve high-density device
integration with a narrowed device isolation width
and high-density device integration having a three-
20 dimensional structure.

In addition, by using the gate insulation
film of the present invention, it was possible to
realize-a flash memory device and the like capable
of significantly increasing the number of times of

25 rewriting.

Further, according to the present
invention, it becomes possible to form a high-
quality silicon gate oxide film and silicon gate
nitride film even on a polysilicon formed on an

30 insulation film and having a predominantly (111)-
oriented surface. As a result, it becomes possible
to realize a display apparatus that uses a

polysilicon transistor having high driving ability,



'tenperature of a specinmen is set to about 400 C. As long as the tenperature
of the silicon substrate 103 is in the range of 200-500 C, al nbst the sane
results expl ained as bel ow are obtained. It should 10 be noted that the
silicon substrate 103 is cleaned by a diluted hydrofluoric acid in the
preprocessing step i medi ately before andlOas a result, the silicon
dangling bonds on the surface are term nated by hydrogen. 15 Next, a

m crowave having the frequency of 2.45 GHz is supplied to a radial line

sl ot ant enna 1686df fom thevax akhwaeeguinkn 906na hhéngiey natee dri ¢t dAaEE i S

i ntroduced int r.qc i h 01 f r.adi | i pe sl ot
antenna 106 thgghgﬁegJ%bggﬁgggcgr%g%%%gﬁé déggkggﬁgé%qgﬁha(%grt of the
wal | of the prdcassiinhahadbetcéB8larBhestiatkeduced m crowave causes
excitation of the Kr gas that is introduced into the processing chanber 101
fromthe shower plate 102 and, consequently, there is induced 25

hi gh- densi ty Kgrplrasneedgdmht Toogenpreatdy, tpeagihower pl ate 102. As | ong as
the frequency of the mi crowave to be supplied is in the range of about 900
Mz or nore but not excedtffglabduft FORGEP G #bstipAe gt resplagma

expl ai ned as bghew a8 30t aj;ned. ol ddwe, consheustinen Bfcdidln; 1, the

i nterval between the shower plate 102 and the -14 substrate 103 is set to
6cmin this enbodi ment. THhEGnafr éwer tdh@iateeyhbtichd fagmtam shewtnbm
formati on beco . i i gen h fil ormati on by
usi ng the pIasgggaﬁ%g%gyﬁgy?%ag%uggg %wﬁﬁ%hf%gggﬁpkgﬁg&%I%t@%%tenna,
however, 10 sheulrd awe not edlitaat nghéyplasren nay besiddused dyrfateoduci ng
the m crowave into égg(grocess%g chanber_ by, ot her qethods. QX exgosing t he
silicon substr&f& fd311c°En %IS&%?%Wﬁ% el f eB B Phe k" gRg e
surface of thebg aincam sedbsédatpet@Fdsscipj ected to irradiation of |ow
energy Kr ions, and the surface termnating d[ogen are renmoved. FIG 2

h
shows the result of anal y&1&- of ﬁﬁea1§Qﬁﬁ§%B Lhy 3r-6g &t 3R o PHeRur f ace
of the silicontaubsidateidO3e by rmeansg @fn i { @& edispecinBiess apd shows
the effect of renoval of the surface term nating hydrogen at the silicon
surface by hetRe gledsmyr ¢ wefaEedoBy thft MRS NG PHe CAREWRfave into 20 the
processing chanmber 101 undes theipressyre pied3i3tPe Ghaldnd ¥héhihhe
power of 1.2WcnR2. Referring to FIG 2, it can be seen that the optical
absorption at &sbheudepiUoctd dtrihiithoins roteaffiake epEsthe Ko tdrmnsity 1in
siIicon-hydroggﬂeb%T%iééhr@&ngquﬁnLess vani shed after the Kr plasna
irradiation ’

FIG. 5 is a characteristic diagram showing
20 the current versus voltage characteristic of the
silicon oxide film;

FIG. 6 is a diagram showing the
relationship between the leakage current
characteristics of the silicon oxide film and the

25 silicon oxynitride film, and the film thickness;

FIG. 7 is a characteristic diagram showing
the dependence of the silicon nitride film thickness
on the gas pressure of the processing chamber;

FIG. 8 is a characteristic diagram showing

30 the photoemission intensity of atomic state oxygen
and atomic state hydrogen at the time of formation
of the silicon oxynitride film;

FIG. 9 is a characteristic diagram showing



conducted for only about 1 second, and is al nost conpletely vani shed after
irradiation for approximately thirty seconds. That is, the

surfaceterm nating hydrogen on the silicon surface can be 30 renoved by the
Kr plasma irradiation conducted for approximately 30 seconds. In this
enbodi nent, the surface-terninating hydrogéhli's conpletely renpved -15 by
conducting the Kr plasma irradiation for I mnute. Next, a Kr/OQ2 m xed gas
is introduced fromthe shower plate 102 with a partial, pressure ratiao of
97/3. On this oc ot CPRB LAle S VAU then 51 pr S&&s 1 gt chanBEy ntg ride

mai ntai ned at abautid3.3 Pa (1 Torr). In the high-density excitation plasm
in which the Kr gas and the Oz gas are mxed, Kr* in the internedi ate
excitation state and the OzFA6l-edd esS causeaEBFILESiiFE i Ardi# ¥ RS possi bl e

to 10 efficientlyformat ofic $LaLs OXYILD, 0 vhi ¢ eg%]?a[rlo BterhBbihi S¢
enbodi nment , vvithst}Le atgmgc stcateeoxygen %"‘1 tﬁus fa?;rre , t%ehgﬁrgace of the
silicon substbat &Hd3Isikiorndoxgthitdmiddefcdbmventi onal 15 thernal oxidation

nmet hods conducted on a sili sur.face, oxidation is caused by z
nol ecul es or H20 nol ecul es §ﬁ§sa \}el% —higggp?&egsﬂnﬁgegte‘fﬁ)grSFBPE_of 800 C
or nore has been gweteshal nvike soxifdaih®nspe0cessitng mih theo paesent;

i nvention conducted by the 20 atom c state oxygen, the oxidation is
possible at a very |ow tenp&r&ture ofS abotfC2B0SE&T P, o HeY P6 2

facilitate the calddsd oniQEnKionand Zansistsrprefiraiablenthatitheon
processi ng chanber pressure be high. However, under excessively high
pressure, the025sriaee Ravied eG19Jet hRRBarPy SfPTIUPINE6 Oz

nmol ecul es. Qbviously, therepgyi st an Oé)tégyg}ng%gcprﬁwﬁn EEGy 3,Shaus
the relationship between the thicknesses of the oxide filmfornmed and the

30 internal pressigatipdnahesprocassing thanbéasdf mere rasdewheee t he gas

pressure inside the processi chanmber 101 J anged il i ntai,ni ng the
Kr/ Qz -16 pressure ratio ?Egi'de t e par o%%ééfn%glc%hé:rﬁ)o\grgt%eg?}g?lglln FI G
3, the tenperatuneef fohe skbileadmisupsthat ahbIcias izet Mot Efantell

Seen that t b oxi AT b PP EYbBEIHES itk Hif RRER Yo pFERbht 87 Héide Fohe
processi ng chanbeyteld) is approximately 13.3 Pa (1 Torr) and that this
pressure or the pressure Cogggyi%% qﬁﬂatQéﬁe%gtggﬂégggsjlggtional

view for explaining the fabrication method of the

flash memory device of the present invention step by

20 step;

FIG. 16 is a schematic cross-sectional
view for explaining the fabrication method of the
flash memory device of the present invention step by
step;

25 FIG. 17 is a schematic cross-sectional
view for explaining the fabrication method of the
flash memory device of the present invention step by
step;

FIG. 18 is a schematic diagram of a cross-

30 sectional structure of a MOS transistor formed on a
metal substrate S0I;

FIG. 19 is a conceptual diagram of a

plasma apparatus accommodated to a glass substrate



10 optinmum pressure is not limted to the case where the silicon substrate
103 has the (100) surface orientation but is the sane also in other cases
where the silicon surface has any other surface orientations. 15 After the
silicon oxide filmof the desired filmthickness is forned, the

i ntroduction of the mcrowave power is shutdéwn and the plasma excitation
is termnated. Further, the Kr/QZ m xed gas is replaced with the R gas,
and the oxidation 20 processing is termnated. It should be noted that the
use of the Ar ga§4xﬁ£%%téﬁd55%F&F%Wﬁé step is intended to use a gas
cheaper than Kr for the purgiag @as.isThe &kneasrysediidyide Lhig sherds
recovered and reused. 25 Followi ng the above oxide filmformation, a

sem conduct or i ntSfFateda i FEgCtded o&f | cPadiag LicaTsittarsiangr on
capacitors is cogge%ﬁghfé&ggncqmﬁﬁuigﬁpelectrode formati on processing,
passivation filmformation processing, hydrogen 30 sintering processing,
and the like.5The result of F@@asdrlenenta ofohydpsged corsemmiafthe silicon
oxi de filn1fornedlgccqfding.to éhe1£pre o}ngogrgc% %Q%%_quicates Ehgﬁ he
-17 hydrogen cont®ent®s®aboat "fo12/ "t or ' Tels n T TSN HHCE “delvsity
in the case where the silicon oxide filmhas a thickness of 3nm wherein it
shoul d be noted that the foreqgoing neasurenent was 5 conducted by neasuring
t he hydrogen rel & Ape b d TR AP e et e P ee- M Pt i ar |y, it was
confirmed that the oxide fikareharaciear] zedrbyus prRldedLakage current
shows that the hydrogen content in the silicon oxide filmis about 1011/cn®
10 or less ih0teMPGILBERFACENI@HiGly . tioy PREeSERRel VATt ieReldxide film
not exposed to t rs bef.or . oxhdefi f:qr nat.ion ined
ycrogen i th the irt abe” detar ty iecd re B13FaRs . Firther - TPhanee
conpari son was nede tHee weeawiBagishe roughness of the silicon surface after
the oxide filmformed according to the foregoing processing was renoved and
t he roughness of the silicon surface before the oxide filmformation
wherei n the neasuwrFIRsT BYBOheMEMTHace roughness was nmade by 20 using an
atom c force mcroscope. It_was confirnmed that there . is caused no_change of
surface roughness. That is,FfﬁéFeiﬁsiﬁﬁ% hpﬁbopoﬂdﬁénﬁﬁb‘%*Vg?lPéoﬁn
surface even wherihee OKidat FORMRAGRSHNOLbS €enpealad:mdd epyt Heihgnoval
of the surface 25 term nating hydrogen. FIG 4 shows the depth profile of
Kr density in th®ls9%M&on oxide filmformed according to the foregoing
processing as neasured by thectotal; 4 ef | eedsons &ckayfd UGF £k eBhowing
spectroneter. It 30 should be noted that FIG 4 shows the result for the
silicon (100) sulMacianphever, at Bile s PEOFSSAGNT iARRAR WSt Reed100)
surface and g si far, Fesdht i5vahtaidied a4 SeskAgOLhe WS aCene siot

orientations.

antenna.

In this embodiment, in order to remove the
hydrogen terminating the dangling bonds at a silicon
surface, Kr, which is used as the plasma excitation

25 gas in the subsequent oxide film formation process,
is used, and the removal process of the surface-
terminating hydrogen and the oxidation process are
conducted in the same processing chamber
continuously.

30 First, a vacuum vessel (processing
chamber) 101 is evacuated and an Ar gas 1is

introduced first from a shower plate 102. Then, the



-18 I'n.the experinent of FIG 4, the partial pressure of oxygen in Kr is
set to 30 and the pressure of the processing chanber is set to 13.3 Pa (Z33
Torr). Further, the plasma oxidation 5 processing is conducted at the
substrate tenperature of 400 C. Referring to FIG 4, the Kr density in the
silicon oxide filmincreases with increasil® di stance fromthe underlying
silicon surface and 10 reaches the value of about 2 x 1011/cnR at the
surface of the silicon oxide filn) This indicates that the silicon oxide
fil mobtai ned ageer dsnghtamnddie foregoi Ky praecessiugthsra fhlemprnesducd the
Kr concentration is constant in the filmin the regjon 15 where the

di stance to therBRUERI yitFy RSN Rar FAegbes 41C$1]m bt #bFe “An@ 9 Whi ch the
Kr concentratiopsdecpgasgs toway d the silicon/silicon oxide interface in
the region within the distance of 4 nmfromthe silicon surface. 20 FTG 5
shows the dependence of thedeakageltiicpants s ttrtapplBedselrd@aed dtel d
for the sili.con_ oxj fisl i hed_a i . foregain ocess. It
shoul d be ngt edatlél{égstehelopegﬁ ‘tﬁlgéf? = &88%%12;9 oe(r)d% el%géeg\(/&vhde%erpe{ he

t hi ckness 25 oftéhpesiltivoen cokiadespetimes 4.4 se Forabhe tpyiO@osE .of
conparison, FIG 5 also shows the | eakage current characteristic of the
oxido T11m of the SARE ER AifssoTREFRGICASS Widle oL o5pBs B AT 1He K

pl asma was condugsegsbehora d head @& maEi @ 06fs ANEC30 aoigier f the sBaferring
to FIG 5, the | eakage current characteristic of the silicon oxide film not
exposed to the K?pr-gﬂrﬁ’ﬁ%laécﬁﬁ@a@%n%)etléwt e edkybned. 19 Idurshaitld

charact eri gy c 9f Lhe.Gonvent ional ot heranl jddefilmoThis mRans.ddat the

Kr/ Q2 m crowave plasnma oxidation processing does not | nprove the |eakage
current charactlyist déd udfed Heydxe fleubirim Baifusimbtlae npdepgoraagingOn t he

ot her hand, in the oxide f.ilmfornmed accqording fo thi nbodi nent where the
oxi dati on proceség‘iagglfnglegd‘r?cfuec]t%db%gofﬁt ] UCigclnsg %hlée%rlﬁbz %z}ilse after

renovi ng the tes$pl pabeddaydriogen byntibeokr thleasr f&cadaaki @’ rmingiead be
seen that ZO t he Ieakage current is inproved by the order of 2 or 3 as
conpared with t®% NBIKRFEcurrent of the silicon oxide filmforned by the

conventionals m crowave pl astB Oxd dal & eBwRKRC eSS} iy WARE @f@@gjl,arqu:ﬁtof he
sanme electric field, indicating that the 15 silicon oxide filmformed by
this enbodi nent2 h4g GHz is supplied to a radial line slot antenna
106 from a coaxial waveguide 105, wherein the
microwave is introduced into the processing chamber
101 from the radial line slot antenna 106 through a
20 dielectric plate 107 provided on a part of the wall
of the processing chamber 101. The introduced
microwave causes excitation of the Kr gas that is
introduced into the processing chamber 101 from the
shower plate 102 and, consequently, there is induced
25 high-density Kr plasma right underneath the shower
plate 102. As long as the frequency of the
microwave to be supplied is in the range of about
900 MHz or more but not exceeding about 100GH=z,
almost the same results explained as below are
30 obtained.
In the construction of FIG. 1, the

interval between the shower plate 102 and the



excellent | ow | eakage characteristics. It is further confirnmed that a
simlar inprovenent of |eakage current characteristic is achieved also in
the silicon oxide filmhaving a nuch thinner film 20 thickness of up to
about 1.7 nm FIG 6 shows the result of neasurenent of the |eakage current
characteristics of the silicon oxide fil mlaf~ this enbodi mrent for the case
where the thickness of the silicon oxide filmis varied. In 25 FIG 6, D
shows the | eakage current characteristic of a conventional thermal oxide
film ~ shows thgoéeakage 10W rientsshatackenm Std ctof st BRpsHhimeen oximesfilm
formed by conducting the oxidation by the Kr/Q2 plasma while omtting the
exposure proces¥2¥BOVAE KN30 Prashal - affie~ IAFHRT t Hee | EakBgd ocdFraen

characteristic pf thessiligQl hdeq fhbmof s epbodi gERy o 1 M chy, t he
oxidation is cond%ct e?i byT?lherE %ﬁoz p asmasafter exposur eBtg t he Klrlr}rf)l asna.
-20 In FIG 6, fermhoiubd by notisdythae phesdat &pmepresesat edalty ussdww t he

| eakage curgent_characterist.ic of, an oxynitride filmto be explained |ater.
5 Referri nggt o] Tr—*??a r%,gllatl édﬁleoes]s%énaflli)‘(igpntahe%oewa?\égglé’ cb?r 5ﬁtoualc{1e°e
characteristic mftéhethili o qxidendi hayr epr aseniesd byy[ entlr cand: ifraf med by
t he plasma oxidation processing while omtting the exposure process to the
Kr plasma coi nciRsPWERWERNE HO* tRakBfePEQrFesHi that BetRersPYc bt & he
thermal oxide filsgpresented by D, while it can be seen also that the

| eakage current characteristics of the silicon oxide filmof this

enbodi ment and represent eBvbexpisingdobedswiltiirarespeles tratehd 085 teakage

current ch%act%e}{ésﬁgigémge%rh%ssenet)? i$¥ﬁ~bgy6 exp]_rdgeg’l 3 urther, it
afte 0 X*10-

of - 3.
s,.the. sUrface
can be seen tha akage curren AI'c2; " whi Ch i § comparable to

t he | eakage curog®nthef stihe cidrersmbs oxade fLOBmilsawd ulyj ¢ beetlhicokness of 2 nm

is achieved in the 20 silico ide filmof this enbodi mepnt even when the
i ckness s her ot 8 a R P i) ah sk Keurhant s SR EBEs SRBTARCDS L e

surface orient atd ani depende heici ed eBmiRecsi i con/silicon oxide
interface state density for §5 the silicon oxide filmobtained by this

enbodi ment has reveal ed t BdG-acd 3Ma¥sSather yesow s merdngéysist € ddhety of
dhle o 10160 e o el ;
appr oxi mat gby Jsflﬁgé}gghégﬁo#eérrf t?ﬁrté&“ Bf gﬁ%r ls%'}yfaséé'é?ggttﬁ%.r Sq(iﬁb‘:g%} any

surface orientation. oxi d m f or ned is e ment
shows equi val ergulns tsaperildB dhameedars i sfi ¢ fas wohpsp edtwpink tiehre and

conventional therual exide fdlmwith regard 19 ¢heetlic-and.
terminating hydrogen at the silicon surface by the
Kr plasma induced by introducing the microwave into
20 the processing chamber 101 under the pressure of
13.3 Pa (1 Torr) with the power of 1.2W/cm®.
Referring to FIG. 2, it can be seen that
the optical absorption at about 2100cm™, which is
characteristic to the silicon-hydrogen bond, is more
25 or less vanished after the Kr plasma irradiation
conducted for only about 1 second, and is almost
completely vanished after irradiation for
approximately thirty seconds. That is, the surface-
terminating hydrogen on the silicon surface can be
30 removed by the Kr plasma irradiation conducted for
approximately 30 seconds. In this embodiment, the

surface-terminating hydrogen is completely removed



-2l reliability characteristics, such as breakdown vol tage characteristics,
hot carrier resistance, electric charges BD (Charge-to-Breakdown) up to
the failure of the silicon oxide filmwhen a stress 5 current is applied.
As descri bed above, it is possible to forma silicon oxide filmon a
silicon of any surface orientation even at™ %1 ow tenperature of 400 [err]
by conducting the silicon oxidation processing by the 10 Kr/ Q2 hi gh-density
pl asma after renoval of the surface-term nating hydrogen. It is thought
that such an ef f gt ciondactilevedtbecBuse lefsmehel ¥ eaddtad Lbpdiogent cohtene -in

the oxide filmcaused as a. esult_of _the val __of the term,nati.n
hydr ogen 15 and because of %%tfa%tkfﬁgf I'lth%g%fjixigciies b n%%gﬁ?gilﬁgdl(%.rom
Because of the reHycetoarmunilotehydeogenh m tgwer oxbtleptielsmudd dstbel i eved

that weak el ement bgonding is reduced in the silicon oxide film Further,
because of the iREoPPdrati G ofki PRCARECID ilHen PYRESEEReSE i¥% de the

filmand parts cubapbysati dde- Sk 021 knNtRnfAGe A 4T gtaxedyuand thesg is
caused a reduction of electric charges in the filmor interface state
density. Consequ&fftFy, tHe etkretRighpagperitiesc®?ithtion Pdedwxide filmis

25 significantly_iBopgo : rticu I Ity i el j.eved. t duging the
hydr ogen concentvrqggpgln\é?ge tlﬁg é(la\gleTl"‘fellgf )éfha ?lzc agorajrleeessl,}gggéf Eér?ab%;1 to the
| evel of 10l1llcnPtbe Lesermedl i beoepoiabitdromofstated shdathenagntrati on of

30 about 5 x 1011/¢n¥ qQr less in te of the surface concentration are
thought to cont rRBAEEULES Hea §Hbr GOCIEAL OBt GGt T F o br BRSSLITAE o

reliabilityigharaeteciishitas, ofotheatbhieoRtxidectydah o*- 32 Ilrm{]@ler to
realize the oxide filmof the present invention, in addition to the
appar atus of FI @MQunty- js al so possible to use a plasma processing

appar atus capabl e of conducij ng,{becaybaemdd | i ”Ekleogt%}mi'é)"\étate

tenperatures by using plasna. For exanple, it is also possible to use a
t wo- st age showeropkaes- Oypelplasfmarpedcesdiens wppacat a§ that sisl irovi ded

wth a first gas.fgledse Stygietuy eo&‘i'd?%?dn.g the 09830490 R AS .
excitation by a 10°fi-crowave and” a®§&con gas tel ease’s ructure that is
different frnem tbretimadt cgasid€l easreshbdet Wendundtted on a silicon
surface, the oxidation is caused by 0, molecules or
H,0 molecules and a very high processing temperature
of 800 C or more has been needed. 1In the oxidation
processing of the present invention conducted by the
20 atomic state oxygen, the oxidation is possible at a
very low temperature of about 400 C. 1In order to
facilitate the collision of Kr* and 0,, it is
preferable that the processing chamber pressure be
high. However, under excessively high pressure, the
25 O0* thus formed collide mutually and return to O,
molecules. Obviously, there exists an optimum gas
pressure.
FIG. 3 shows the relationship between the
thicknesses of the oxide film formed and the
30 internal pressure of the processing chamber of the
case where the gas pressure inside the processing

chamber 101 is changed while maintaining the Kr/O0,



rel.eases the oxy
oxi dati on proces
m crowave power

formati on of the

it is also possi
plate 102 with t

and termnate th
approxi mately O.

According to suchoa net hed; ®osibicth axyniorindenfiddn dnidkicebna silicon

nitride filmis

beconmes possi bl ePESCEE SHdYIm h FABARALEEn fil m having a hi gher specific

di el ectric canst
given of nitride

pl asma excitatio

Her ei nafter, an

interior of the
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30

gen gas. In this enbodinment, it should be noted that the

sing is termnated such 15 that the feeding of the
is shutdown and plasna excitation is finished upon

silicon oxide filmto a desired filmthickness, followed
by the process of replacing the Kr/OZ m xedl@as with the Ar gas. However,

ble 20 to introduce a Kr/NH3 m xed gas from the shower

he partial pressure ratio of 98/ 2 before shutting down the
m crowave power phebeurs mathd ngnshdepridss wreoegsabogt chdnmd e tad J8r8),

oPEaEESs] NG D geatlLso A TLGR SRR Lupsryre,

€ surface of SiTicon "oX
formed on the surface thereof is obtained, and thus it

ant . - 23 KSEEONDn EMBODIFNEENT) 3 Next , cand@sCragadn othat ! |

ilmformation at | ow tenperatures by using plasna. An
appar at us siniIaFLFoWﬁh%AQﬂRﬁmf?ﬁ?FPéFQ?QFi@?%&%ﬂmfép
formation. In thigsepRodiHErobbskSnpr el e 101Use Aboxdimd ©£1he
n gas for renoving the term nating hydrogen and for the

nitride filmforidtiBoR2d it ofee¥) t Bnfotimad Hilyhs 1D §E&NTEy OFi t¥hfle film

gxauRhe Ol dish NPi Ah Welilr 136, 1 £Pf &S8Pt eflunfl I Sty d he
vacuum vesse

optimum pressure is not limited to the case where
the silicon substrate 103 has the (100) surface
orientation but is the same also in other cases
where the silicon surface has any other surface
orientations.

After the silicon oxide film of the
desired film thickness is formed, the introduction
of the microwave power 1s shutdown and the plasma
excitation is terminated. Further, the Kr/0, mixed
gas 1s replaced with the Ar gas, and the oxidation
processing is terminated. It should be noted that
the use of the Ar gas before and after this step 1is
intended to use a gas cheaper than Kr for the
purging gas. The Kr gas used in the this step is
recovered and reused.

Following the above oxide film formation, a
semiconductor integrated circuit device including
transistors and capacitors 1s completed after
conducting electrode formation processing,
passivation film formation processing, hydrogen
sintering processing, and the like.

The result of measurement of hydrogen
content in the silicon oxide film formed according

to the foregoing processing indicates that the

be

S i (BT YRS FFPm



(pr.ocessi ng chanber) 101 is evacuated to vacuum and 15 an Ar gas is

i ntroduced fromthe shower plate 102 such that the pressure inside the
processi ng chanber is set to about 13-.3 Pa (100mforr). Next, the silicon
substrate 103, subjected to hydrogenated water cleaning and the silicon 20
dangling bonds at the surface are term nated by hydrogen in the
preprocessing step i medi ately before, is introduced into the processing
chanmber 101 and is placed on the stage 104 having jhe heating mechani sm
Further, the terpéfaPdrd GRNIRN 25 $pRbPHEN Lils 4eF (F 5085 €. 1As HSGHF as t he

tenperature is ifetBgrrange Qfn300; 550 Enel e3Wd Sy ARSERENG 15308, @S the
one descri bed bel ow are obt ai ned. xt, a mcrowave of 2.45 GHz is supplied

30 into the processiiagféhanthers fa ob i Aknesaxiod meg‘mhﬁéei% W shdeld
radial |ine sl OtbQ”BSf@@% 198 @and g h ogéglﬁﬁgmﬁg'rrf‘eﬂﬁgmégz gad a

hi gh-density plasim o 'S gener at ed processi ng chanber. -24 As
| ong as the Brequendycakd by suppdweidngl tchewhywelnsyem thdenarge aofseabout
900 MHz or nore but, not exceedi%q apbout 1 results alnost the sane as

Gz
the one descri be®* bBl 6FFREE ot n%ﬂ?eThegfaﬁttéT 35 Yot weeH 3the shower

plate 102 and t heostbshedt & W03 41se S€kitie §iam idhd fdsterbadidment .a Wth
decreasing interval, faster deposition rate becones possible. Wile this
embodi ment showsSPALL ek SAKEE ST Y PR of RRFISorF N a5 b A8 HETRFSAr at us t hat

uses the radi al d9ntkRe §hoterANtE&MBeoht okd s SO NPSSEbhgohe iinrrodice the
m crowave into the processing chanber by other nethods. The silicon surface

thus pl asmaléxci?®dlBased nork carmsAro §asurbalsentskandnert - of Onowhen&rtgye Ar
lons, term natl r&gaﬁasjr%%_“ Hi&d DY, dno%”@%‘ﬂz‘o@ﬁ ’té hep A" xp ?ﬁrgasn%posure

1 mnute. exposed to'the is subjected to and the surfaceln this is
conducted for Nex¢foam NH® gasids fhimodoced tarmd ndxmta 20etio hivlder oremgas

fromthe shower plate 102 with a partial_pressure ratjo..0f 20. On this
occasion, the pr‘glsg%ﬁrié'%gf Stuﬁepapcr%c%%%lsﬁléycﬁg eeerCFJir:Sg hieﬁd(?actrn about 13.3 Pa
(100mTorr). In excited higlfudensity phasoampanfiah the Andgadeanckdre NH3

gas are m xed, there 25 are caused collision of Ar* in the internedi ate
exci t ed staig an{}h?hEOH 5% etsl',‘eaﬁai&lﬁ’onr a?d%%%?%ea?gtﬁ&ﬁg‘(? ox a8
efficiently. ThesNHh Fadhedl & Lasei Ryt EbdahieorHeddngi bireerRssubsirate

surface. Upon formation of the silicon nitride film30 with a desired
t hi ckness, the i'$o88BEVed ¢Mmd e i EPBARRE SFoir FRe shutdoRR & tafee

excitation of the, pbasMaries f,81dd nat ed. eEUHLRSIon thiee ALLNHB I xed gas i
replaced with the Ar gas angthe nitridation -25
measurement of the surface roughness was made by
20 using an atomic force microscope. It was confirmed
that there 1s caused no change of surface roughness.
That is, there is caused no roughening of silicon
surface even when the oxidation processing is
conducted after the removal of the surface-
25 terminating hydrogen.

FIG. 4 shows the depth profile of Kr
density in the silicon oxide film formed according
to the foregoing processing as measured by the total
reflection X-ray fluorescent spectrometer. It

30 should be noted that FIG. 4 shows the result for the
silicon (100) surface, however, this result is not
limited to the (100) surface and a similar result is

obtained also in other surface orientations.



processing is termnated. Further, follow ng the above nitride film
formation, electrode formation processes, passivation filmformation
processes, hydrogen 5 sintering processes, and the |i ke are conducted, and
a sem conductor integrated device that includes transistors and capacitors
is conpleted. Wile this enbodi ment showed e exanple in which the nitride
filmis fornmed by the plasna 10 apparatus that uses the radial |ine slot
antenna, it is also possible to introduce the nmicrowave into thegErocessing

chanber by other nethods. |hat8Pft B&RSMATSREE tAf sFéfbodi nerit® RRECAR LT or

the plasnma exci &E?rie%%xﬁ?é,oﬁicﬁkb@énr asulks od es@bt abnsd alsp dPeWhen Kr is
used. Further, ile this enbodi nent uses NH3 for the plasma process gas,
it is also possiBFestsdiseh MReBrgessEFing ahamPEIf 65 tHts purpdsé. Pen

the silicon nitrQq%3ﬂfJggprnaghgg %Q m%%é*ﬁl@éméhg grg%ygninvention,it
i R ﬁygr [

is one of inportant requireents that 't here Tenalns ogen in the plasm
even after thHe sprbacsdiergn hat cngduydreoyant atlee r enbead.atAs tempsovhtuok
exi stence of hydr%ge% i n-the plasma, the dangling bonds inside 25 the
silicon nitride Pitl S gkll as the dangling bond at the interface are
term nated by form ng Si-HbendsrangNtd e, Consequent ldgn=el €t fANtheaps

are elimnm nated frothhe siliﬁon ngtrLde filn1and,tge,interface. 30 The
exi stence of theSStHIBortFEna fAEPNIAYGHALTH YhELNRFTFEFiT T of the

present inventioRnils% 6 ified tRsPeeidevealyily &nlianaed sabhsydd | ORd
spectroscopy and by X-ray photoel ectron spectroscoE%. ,~26 As a result of
exi stence oflhydregémes Helqysaeneses iapatle CX char d@er gdt itde i s

FLim e suppressedte s x 101am 2o et tasa of T oreie The S Frson
nitride filmby bbeng the okl gasn(Axide KrilmnebaaingdHaadxmtimgastoit is
DOsSt oL o SuPELER S 087, PLeShauEra £ra LR, AR s e o
nor e. concentration is constant in the film in the region
15 where the distance to the underlying silicon surface
is 4 nm or more and in which the Kr concentration
decreases toward the silicon/silicon oxide interface
in the region within the distance of 4 nm from the
silicon surface.
20 FIG. 5 shows the dependence of the leakage
current on the applied electric field for the
silicon oxide film obtained according to the
foregoing process. It should be noted that the
result of FIG. 5 is for the case where the thickness
25 of the silicon oxide film is 4.4 nm. For the
purpose of comparison, FIG. 5 also shows the leakage
current characteristic of the oxide film of the same
thickness in the case where no exposure to the Kr
plasma was conducted before the formation of the
30 oxide film.
Referring to FIG. 5, the leakage current

characteristic of the silicon oxide film not exposed

to the Kr plasma is equivalent to the leakage



10. FI'G + 7 shows the pressure dependence of the silicon nitride film

t hi ckness formed according to the process descri bed above. In the
experiment of FIG 7, it should be noted that the Ar/NH3 partial pressure
ratio was set to 98/2 and the 15 deposition tinme was 30 m nutes. Referring
to FIG 7, it can be seen that there occur$®an increase of deposition rate
of the nitrlde filmby reducing the pressure in the processing chanber and
thus by increasing the energy 20 given to NH3 (or NZ/Hz) by the rare gas
(Ar or Kr) . Fr&M%qﬁle%ﬂﬁéﬁﬁF66ﬂ%§%qd?%nE?eoFoﬁMﬁQQk93?1n?h@FWétlon it
is preferable that; ddier gas . pressuw enddmd nchhe kaBg&9fo, 6m§.5:r‘ovﬂa3\f§ Pa (50 -
100nTorr). However, fromthe vi ewpoi nt of productivity, is 25 preferable
to use a un|f|e@%ﬂﬂﬂﬁnﬁélgétﬂaﬁl@HQFQ%ﬁﬁ@glééﬁﬁoﬁoﬁ(ﬂmﬁﬁ%ﬂﬁl§h6133Pa (1
Torr), also for injt e .Qxi d ridation
are contlnuously%ckréoi%‘;jl g?rgg@ EB%‘%ggggi alneg F% ggﬁ%r er %dFE%hts

Addi tional | y3 |thus:%btmehedabbeyﬂnucnhe @arthalomM£ruh&m®f INR3 ther

N2/ HZ) in the rare g range o ferab

tange of 12 - 60 A NEnln BetRered SHRACHRAE 5P Fhdn SHSSSIER £ gk heAm
obt ai ned by thi &h@bgdid@ﬂioﬁhg\m@e@seus@emft@nduelt@fa ruy: Lovsbaatiely 7.9,
whi ch value is about twice as large as the specific dielectrjc constant of

a silicon oxide "9 Hr O MmestraheRt sETCNe Urleht LoEPLRE Bed thagtrogen
characteristicsRf die g1 Hee8mBi tiddes fd £ PRt aikned rbynd hi segnbadicment has
reveal ed the fact that a |eakage current characteristic smaller by the
order of 5106 tgn ismlase ﬁuﬁﬁémﬁaﬂﬁnémﬁﬁ@VﬁﬁlHdeﬁf]QF@ﬁé Pﬁi@kﬁéSs of
| .5nmis obtained R f [

(equivalent to ?hgé;ééﬁ?%??§1?ﬁ?b ﬁ%@% %ﬁég%%EHS?Q§%§Q% ﬁe condltlon t hat
a vol tage of 1Vsiid iappl i @did@hifsd lmedimsrneddtbyt the pogsidiicemabreak through
the limtation qof, %5|g&%at rlzatHQR{PaI ap ear %qéru%ﬁégnSégggrs usi ng
a silicon oxi de 9™ Tor aﬁgfae Pt B P on by L] ng the s Irl con
nitride f|In1ofaﬂNﬁh@mbadenembctmucﬂﬂmérhbelﬁdﬁedﬂﬂﬁg tihet f the f or mati on
20 condition_of the nitride fil m describe abov |1 as the hy5|ca

and el ectritcal SF 7 X798 Aot™ iFRTRRE Yt R lFléﬁ%Qﬂ%%ﬁﬁEd Plicon
surface but arecwddid émit DewSame kaye athd Pecskkieen of. anyt susface
orientation |nclud|ng the (111) surface. 25 1t_is believed that the
preferabl e resulfid i et by eRi $hebdli FbRtlare IHRT BHIYEREt 8fned by the
removal of the tl.%rar]@anfé'@lgrpéég'f:og:@ﬁra@ﬂe@i§@19y1%h%c@?&é\;@@c§l95 An or Kr
inthe nitride film 1n other words, in the nitride filmof th

enbodi ment, 30 ithe el ¢enedxifat LArltorhayiegi at mEgh Fhienert £L4@ film
rel axes th tr e, Rl L dg o the silicon/nitride film

i nterface, qgid §§§§h$§%u$ 68 Hg %lxeng+%2%r?cH%harges in the silicon -28
nitride filmor the |nterfaté stasécdensitty rssréducdd nadwerepyent of

significantly '”%TOW é&é&g current characteristics of the silicon

he

oxide film of this embodiment for the case where the
thickness of the silicon oxide film is wvaried. 1In
25 FIG. 6, A shows the leakage current characteristic
of a conventional thermal oxide film, O shows the
leakage current characteristic of the silicon oxide
film formed by conducting the oxidation by the Kr/O,
plasma while omitting the exposure process to the Kr
30 plasma, and @ shows the leakage current
characteristic of the silicon oxide film of this
embodiment in which the oxidation is conducted by

the Kr/0, plasma after exposure to the Kr plasma.



el ectric properties and the reliability characteristics. 5 Particularly, it
is thought that the existence of Ar or Kr with the surface density of 5 x
1011/ cn? or less contributes to the inprovenment of the electric properties
and reliability characteristics of the silicon nitride film as in 10 the
case of the silicon oxide film In order t@&0ealize the nitride filmof the
present invention, in addition to the apparatus of FIG 1, it is also
possi bl e to use another plasma processi ng apparatus capabl e of conducti ng

oxide 15 filmforPefi6n & lidwenped aPfr Bt Uiy phasfataFor exanpl e,
it is also possiple to.genduct, fagl mfQr %opeg?éag%i %%é -stage shower
pl ate type plasma processing dpparatus that i1ncludes a first gas rel ease
structure rel eastgrantAricrtikr qgfasah opx20igxdideatokmotopbasexlpined

m crowave and a.f§€€9d gas release structure that is different fromthe
first gas releasé siructure and rel eases the NH3 (or Nz/Hz) gas. 25 (TH RD
EMBODI MENT) Blext, a descri pafaraind be FiIgen 6gf ian embodeneeknt atatises,

for the gate insulation film a two-layer structure of _an oxide filmand
nitride filmforms hEe5eEwERRET at Gher By oeirrd 1 adfatn 30 Fie 9%t mat i on

apparatus of the,exhderhnmand-dhe,nidridedi hayusedrdy thy scgabodi ment is
identical with that of FIG 1. In this enbodinment, Kr is used for the
pl asma excitati chtya@af eridatieory RHRAEEHALEL e gkitel FELRPafd@ St he nitri de

film First, theyasuumVvesseleddrasesgingrchaneld ddidnksqgvaguated 1o
vacuum and an Ar dgas is introduced into the processing chanber 101 fromthe

5 shower pl &Pe ToPakJaencurhkerngascharpeterisddicef tee neRering lswizighred to

the Kr gas fromthe initial Ar and the. pressure of the processing
chanber 101 is siIe frflor385ﬁtsef’§§%gzb¥l orvfl’&?%ff\le%? PRe 25 1750 S0BStrate
103, subjected lthdao theuledkagr cdbuoent abiadacteathenticandft idesurface

dangling bonds of, silicon are term na eg by h g;o eqain.thg pr epr ocessi ng
step |nnedlateljs%§$5?8,oﬁ§dﬁntJ&ﬂﬁd%% ﬂf% Fﬁlcﬁg%%égglﬁa chanber 101 and
pl aced on the stagerdfdnhav ny t@e ikeatddi@ced with respect to the
15 leakage current characteristics represented by O by
the order of 2 - 3. Further, it can be seen that a
leakage current of 1 x 107%A/cm?, which is comparable
to the leakage current of the thermal oxide film
having the thickness of 2 nm, is achieved in the
20 silicon oxide film of this embodiment even when the
thickness thereof is approximately 1.5 nm.

Further, the measurement of the surface
orientation dependence conducted on the
silicon/silicon oxide interface state density for

25 the silicon oxide film obtained by this embodiment
has revealed the fact that a very low interface
state density of approximately 1 x 10%cm™®eV™ is
obtained for any silicon surface of any surface
orientation.

30 Further, the oxide film formed by this
embodiment shows equivalent or superior
characteristics as compared with the conventional

thermal oxide film with regard to electric and



* 16 mechanism Further, the tenperature of the specinmen is set to 400 C
Next, a m crowave having the frequency of 2.45 GHz is supplied to the
radial |line slot antenna 106 fromthe coaxial waveguide 105 for 1 m nute,
20 wherein the mcrowave is introduced into the processing chanber 101 via
the dielectric plate 107. The surface-ter#éinating hydrogen is renmoved by
exposi ng the surface of the silicon substrate 103 to the high-density Kr

pl asma t hus generated in the 2S processi ng chanmber 101. Next, the pressure
of the processFidERinbety 1082F & ClrgiritSh ifedl: afu$332Pa re ¢y Rand a Kr/ Q2

m xed gas is ipbhoduced-fLpmthe;shawer, platecd02;withdespagtial pressure
ratio of 97/3. 30 Thereby, there is forned a silicon oxide filmon the

surface of theesdielcdan subzaraee 282 wWidhrrzgehtekResskafown)s wipn tNexthe t he
supply of the migr ve i S - down, ri and J uction of
the OZ gas is ?éggqgheﬁé 5&?e§963?g$héﬂ?ﬁggrﬁgggigy&%r%rég%%ggun1vesse
(processi ng chantreren t10ils waphlKed.a m xed gas of Kr/NH3 is introduced from

the shower 5 plate 102 with artial pressure,ratio of 98/ 2. Further, the
m crowave having the freq%%n§§g8Fl%ﬁ%5%§%y?s Stppfi 8¢S f%mf?hfPﬁ@

pressure of the prQGessi ngxchanpennsSein tD aboutod33 fPan(yl shoFfdcesSo as to
generate the high-density plasma in the 10 processing chanber 101, thereby

formng a siliédhemuatenfevanontt ke LUy faemPoFathiaesidf o0 odd dev fil m

wi th the thi ckpgssQitilhdMnbPen 1k om0 of 1 bACPSbldeGQ d thy denki I mwi th
the desired thickness, the introduction of the 15 m crowave power is
st opped ard t hErgPashaobxdiardtiton psasaameddcsd. reFweyaer oLt k& ekr / NH3 ni xed

gas is repl acegP‘éijaQé— eﬁﬁi%‘ﬁiﬁ!&ﬁ&%oﬁ%@itr&féa&isg%h?@gcﬁés{ 9¢is

term nated. Foll'owing the oxynitri ormat i on escri bed above, by
conducti ng el estichderf ¢ conipr acdssivey] passuwat bdn thd nréduoati on

processi ng, hydraogen sinterjng,_processing,. and_the |ike, sem conduct or

i nt egr at ed cirggggfﬁﬁv}é%D%EEﬁﬁglPr§%§1éﬁ%ﬁ@éoFlgﬁpgéwfﬁ¥€-§% Zonpl eted. 25
Measur ement of reBelef fettive dembeefllr icr const astmeaaducice thwdr 8gkani nat ed
gate insulation filmthus forned has reveal ed the val ue of roxi mately 6.

Al so, el ectti c2pPop&IaEEe antl FEFigﬁq?tﬁb%maF%%téﬁﬂéﬁ(ﬁ&hgp frE8iP&akage

current 30 chagact erdeddifse bs eakdewr sl defieatbah8Cher hStd Kog@idin
hot-carrier resistance, were excellent as in the case of the first

embodi ment . Th&hgac&idufkiPenifi b BIRis OHRAI FRAtsHERED SoeBRPENdence

bonding is reduced in the silicon oxide film.
Further, because of the incorporation of Kr in the

20 film, the stress inside the film and particularly at
the Si/Si0, interface is relaxed, and there is
caused a reduction of electric charges in the film
or interface state density. Consequently, the
electric properties of the silicon oxide film is

25 significantly improved.

Particularly, it is believed that reducing
the hydrogen concentration to the level of 10%/cm’
or less, preferably to the level of 10'cm’ or less,
and incorporation of Kr with a concentration of

30 about 5 x 10'*/cm? or less in terms of the surface
concentration are thought to contribute to the
improvement of electric properties and reliability

characteristics of the silicon oxide film.



-31 on the surface orientation of the silicon substrate 103, and the gate
insul ation filmhaving excellent characteristics was fornmed al so on the
silicon of any surface orientation other than the (100) surface. 5 In this
manner, the gate insulation filmhaving both the low interface state
properties of the oxide filmand the high %l ectric constant
characteristics of the nitride filmwas realized. This enbodi nent expl ai ned
the two-layer 10 construction of an oxide filmand a nitride film where
the oxide filmis located cifosefded FRersAlilceh Sreed*iHBRederl™ iaf ikhal so
possible to change.LhgOndefe plidhe Oxi daghidimand, thgenhibide diid B«
according to the proposes. In addiftion, it is 15 also posSible to forma

| ami nated fil m hBYEnglnorg nvrbelsof pPebidlesuch wse oXki HéabiMam nitri de
filmoxide film_pitri fil i i Eird de- f i t like,.
( FOURTH EMBODI NER%EﬁS%?L,nda aggepg%# ?%%.L olﬁ%g:bll E;bgc i é/é:ﬁ&%? @gﬁg};%loed ikorr’éln%gt hat

uses an oxynist ri fleli Emrivartntecdh adt | bowt eeppreatatrerdy bgi ng iplgaiea fmg . t he
gate insul ation %i|ﬁ1 25 It should be_noted that. the oxynitride film
formation appar at %§ 8§8&RH?¢rﬁ% EhBUP ek 5% %%n??c& ?wﬁtﬁ%ﬂﬁﬁ?%ﬁeFIG
1. In this enbodirBRtr Mt Uspskfprathe Rirdsdm:s £x64t apbara@as H4dst, the
interior of the vacuum vessel 30 (processing canber) 101 is evacuated to
vacuum and an AFSgBEOVSI&d rokdtitet! FALE Tt HE Hricted3s AgSERARIT 01 from
the shover plal e;192sshexd tdisfagabnebedynat 4o dhe; precessidiy Lhamber
101 is switched -32 toa Kr gas fromthe Ar gas, and the pressure inside
t he processilig chapberaive fatd td 29oand133sPaell e ) striuptadd tilt iée
silicon substratg. Suhj ect to.di.l.u r OL | id cl i ng
and the silicon ﬁéﬁgﬁfﬁgtbgﬁﬁggéfg?hglgh%f?%% 2¥%l§%%%i%%%g %69“%y rogen in
t he preprocessi ngeseepeismiad atxyyehefose, is introduced into the
processi ng chanber 101 and js placed on .the stage 10 104 having .the heating
mechani sm Further, the terfJﬁbr@'Hﬁ ee%gofiﬁgleﬁefci%rﬁn%'%uégt %teon d:chfc Next ,
a microwave havi#gathehkr equencyi®h BrébeCldanss isdippéiginbacdheuadi al |ine

sl ot antenna 106 fromthe coaxjial waveguide 105 for 1 m nute, 15 wherein
the nicrowavé i sthatr588cEFahRT thE pRECRLSHRY HaDRY X075t SEH EIR¥R adi a

lien slot antennand0B1kLRHRUAL d Nes di ghestr i filal&s 10don TREERY: 1 dese 1S
generated high-density plasma of Kr in the processing chanber 10I. The

surface 20 terni BHagi AglhydTogenids FehBvEd By OFosthgtthe Sbrifcdee i, the
silicon substratg,103,La e tﬁln%%%éggé SECIALM Dy; fheKE #3850 Nﬁ?ﬂx’edﬁlhe

pressure of the processing chanber 101 is maintained at about 1§3 Pa (
Torr) 25 and a nyxedwgad dfhekrdOzgaH3 | Howstvregduced f8 oalshe poissuidrl ol at e

102 wi th thgoparilal ,pressure J okl ave! 26,84 300:5 ¢ Theraby. - aqallicon -
oxynitride filmo ) nn1|s‘%orned on"the srlrcon surtace. Upon formation
of the silicon oxyateriide fiilth ofhé¢ heaBBidésiprefilmnet hatkness, a2

i ntroduction of the mecr ve power is, shutdown and the plas excitation
i s terninated. ﬁﬁ?fﬂ§?,s\%}q&&§£§§W% ﬁﬁ?e&ﬁﬁﬁ?%%y?e%?3§§d%ﬁiﬁ?the Ar gas
and the -33 oxyaihthdatiindn 4HOGEESE 8P res atteraBdat et3 . Fobhowiingd:he) oxi de
filmformation , _ . , ,
and terminate the processing when a silicon nitride
25 film of approximately 0.7 nm is formed on the
surface of the silicon oxide film. According to
such a method, a silicon oxynitride film in which a
silicon nitride film is formed on the surface
thereof is obtained, and thus it becomes possible to
30 form an insulation film having a higher specific

dielectric constant.



descri-bed above, by conducting el ectrode formati on processing, passivation
filmformation processes, 5 hydrogen sintering processes, and the like, a
sem conductor integrated circuit device having transistors or capacitors is
conpleted. As shown in FIG 8, the formation density of the atomc state
oxygen 0* as neasured by the 10 photoem sst®®h-anal ysis does not change
substantially when the mxing ratio of the Kr/Qz/NH3 gas is in the range of
97/3/0 - 95/3/2. However, when the ratio of NH3 is increased further, the
amount of fornmati(6RCOND HEMB@OAMENED at e oxygen 0* is reduced and the 15
anount of the atomc state ogen ,i s increased. .Particul.arly, Ln the case
where the mxing ratio of t@%’gﬁ(t‘/%zijﬁﬁfrgl%tji%na 305 Esg_ g/%’/%ﬁ/S?%the

| eakage current hecanes ninimufoandttilke Wi hsdantdempktrage: raswd BPeusing

resi stance agai nsgL electric charge injection 20 are 'hrrpcro ed. FIG _9 shows
the concentrati oR*@&i bt} oAPBF L&t iscc?‘rimjg];%eﬁ? A8 TniSYBHen F nf tHe
oxynitride fig m of itshe;ddu srepbedinpnt: rasidreaslh edobyad igecondary i on nass
spectrometer. It should be 25 noted that, in FIG 9, the horizontal axis
represents the depth as meab@ir BBLfr GRPOKER]R T acktof St RE SH&HARFE dBOF i | m

In FIG 9, it CaUsQeASreQﬂ:tﬁﬁtféﬁet@lielstprliabéﬂﬁi 0flx O £ 81tk bGORya KXyPEN, and

nitrogen is changing gently in the film However, this is 30 caused by

non-uni formty ofteashing wnel teesinett imsarhydaegeheahid Mathittkdess of the
oxynitride film| ven.. Referrjing.to Fl; ' n seen i hat -34

t he concentrati ohié#rl‘r%lil pfojggﬁ ?é\rhﬁgl&%yni %r iog‘%d%%l rEngi s?%ﬁ‘]mgha g%l(?ﬁe
silicon/silildon qugiiituy dei fridei Atemf.ace and at the silicon oxynitride
filmsurface, and decreases_at the %entral par t oi thg oxynitride 5 E’i | m
The armount of nitrogen i ncotpbfalad o Fhe H3ERrr Pde WU iR s&bvdral ten
percent or |ess Bs ecemaIashvedh sil-con or oxygen. FIG 10 shows the
dependence of | eakage current of the oxynitride filmof the this 10

embodi ment on the applied e €E%FictPPeldt9%ihonf dthe N haESSRdwever ,

FIG 10 al so showpbhe deakagensdpeent 1oharacterhshheeaf dhe nxigde fhhm of
the same film Thickness in which the exposure process to the Kr plasma is

not conduct e bef8r &1t 195151 o xi BErPANGSKoriver™ ohh By shR¥ ef @rlcvieel pPasma
and the | eakage EHEﬁthhac@aEﬁ&t;EEleétsb%eOfintJ‘fdQXtﬁé. E'gh@e%%[ﬂ?f HNafloer

t hermal oxi dati on process for the purpose of conpari erting to FIG
10, it can be seén skd t@Rrbsutoifase®an t1AmBooxide filmformed by the

conventional technique, the.val ue_of the .l eaka rrent jat, the .sa
electric field is reduced glg/e}t{ e ngersloflcfﬁf %ue?%gfﬁggo%;brﬁ t rsl%bej ??Itﬁﬂdof
t he this enbodi ment hiyidl ndgeha t 8é@ oxyeirt rd1lcedn omg paodesdieng iilsi &n conduct ed

by i ntroduci the Kr/Oz/ NH3 gas_after renoving the term.nating hydrogen by
Che K ol astb i 1 PABOACITSh BIRCE haF GRCeld e T DuET BakBgE T Het T st 1 oo
are obtained. |tngheulkibeimoted phabrodeddng 6sBOpexpheidieddefore, the

rel ati onship between the | eakage current, characteristic and the film
thi ckness of thePBkPRietrilde ¥ FRPERGEY drrfetl 18 rRpPESERLEY Rhamber. 35

Referring to FIG 06 aga i piaca8 Be e .sidd 168 ax¥Aily idefilmforned
by this enbodi nent after conducting the Kr irradiation has a simlar

| eakage char act ePP3ftile % e R BkFBe f FMNATTGTRd-REt ReBPEISitHI%aro br bRess
and, particularly, the J eakade, cuppeah o sconl ol 6 A0-24V ¢e al so in the
case where temperature is in the range of 300-550 C, results
almost the same as the one described below are
obtained.
Next, & microwave of 2.45 GHz is supplied
30 into the processing chamber from the coaxial
waveguide 105 via the radial line slot antenna 106

and the dielectric plate 107 and a high-density

plasma of Ar is generated in the processing chamber.



‘the fil'mthickness is approximately 1.6 nm It should be noted that the
oxynitride filmof this enbodi nent al so showed excellent 10 electric
properties and reliability characteristics, such as breakdown voltage
characteristic and hot carrier resistance, superior to the oxide film of
the first enbodi ment descri bed above. FurtHer, there was observed no
dependence on the surface 15 orientation of the silicon substrate, and
thus, it is possible to forma gate insulation film of excellent
characteristic Aotlonbyasn tthee {d€99)esayf acde tdfe ssuprbhebunialrooasre t he
silicon surface of,any. surface orientatio 2 descri be bov it is
possible to for%ﬁa}%i¥Pgoﬁ%5%ﬁﬂ?¢i%%OF%lgpgfQ%Q%é?fe%?rgthgcfgﬁistics and
}‘i | mquality ore;t?eee&higcgrmosw LJaEeGm , aﬁyésszulrtfsaczelrmsjsentatei eraélreev@rs at the
ow t enperature of 400 y conducting the silicon 25 oxynitridation
processi ng by u@%goPﬁegﬁﬁF@ qﬁ?bﬁg‘ﬁ’d@ﬁ?i ﬂpﬁja"é%i; ¥P§r 1 i%g t he
surface tergl najdfige By drO@GER e I8BS08 WY SUCh Dief enBbleaefd aats can be
achi eved by this enbodinment is attributed not 30 only to the reduction of
hydr ogen cont ents i #eEh&CoRy it ritlet ki $ nPBROSET VY- r eV BN B CEIR@Sing
surfacet er mi nat nge hydrogen,s it alsoste;bie Midd agen, oot ahaed yin the
oxynitride filmwth a proportion -360f several ten percent or less. In
t he oxynitride Wiiheofhthi smévsbidiewnt sholwe ddret eartarypl &r oifs fadgpr oxi mat el y
| /10 or less as.cC £ i.th the | de fil f the fir e di_ nent_. ., and
in place of 5 l&?PngQ?égg’e\an@urﬁm%%%éni%Pgaé:ﬁq]t?lss ctrc}ln EY %%%.s J?’E%t ﬁasc%lafln this
enbodi nent 10it Isndekilevednttaind heitetlactilar gfodwidsbgenoi hntthedwami tri de
filmcauses reduction of weak ,bonds_in the sili,con ax ngtrige film the
exi stence of nitTOgBNCERUEYE rdl e atFonPoP CE8 S¢tie s F AP Ehe OFi PhG at t he
Si/SiQz interfageshadd.consequently, trapped electrical charges in the film
or the surface state density is reduced, and the electric properties of the
oxynitride filmis inprov@d@ssisgni ¥$@ant My Lapgr tihiid H¥ROSPE e 1 %el i eved

the reduction qf; fwdrogenicencentidalion LA whe @ynidride beh@d ¢d 2ZCmZ
or less, nore preferably, 10''Ilcm2 or less, and the exi sgence of nitrogen
in the fil fPwi thrrbprdpentti of dfowesreuPyt &8 poncentanit hheespada asr

Si 1 con. O OXY aB0L 20, S08hE BLE d0. he L TReg nthgiglectric

‘%ﬂéﬁi't §
properties and relrabrlit (?ﬁ’tarac eristics o}gt e si |conloxynitride film

In this enbodi remtodihenaxyritte iAdath baspeoespsisvy e sis econdace@dsuotr t hat
the introducti an n%lSancet.he m crowave power is shutdown at the end of the
Next, an NH; gas is introduced and mixed
20 to the Ar gas from the shower plate 102 with a
partial pressure ratio of 2%. On this occasion, the
pressure of the processing chamber is held at about
13.3 Pa (100mTorr). In excited high-density plasma
in which the Ar gas and the NH, gas are mixed, there
25 are caused collision of Ar* in the intermediate
excited state and the NH, molecules, and NH*
radicals are formed efficiently. The NH* radicals
cause nitridation of the silicon substrate surface.
Upon formation of the silicon nitride film
30 with a desired thickness, the introduction of the
microwave power 1s shutdown and the excitation of
the plasma is terminated. Further, the Ar/NH, mixed

gas 1is replaced with the Ar gas and the nitridation



oxyni tridation processing upon formation of the silicon oxynitride film
with the desired thickness, and the Kr/Oz/NH3 m xed gas is replaced with
the Ar gas. On the other hand, it is also possible to 30 term nate the
oxynitridation processing by introducing a Kr/NH3 m xed gas with the
partial pressure ratio of 98/2 fromthe tfower plate 102 before the

shut down of the m crowave power while -37 mai ntaining the pressure at
about 133 Pa (1 Torr) and forma silicon nitride filmon the surface of the
silicon oxyni tR¥@@SFPAAGWIith TN i MR ERAess of approximately 0.7 nm

According to this net hod,Fu@tﬁlesf I |§gglgw55|gdec}{é l4n @efggngd%n f.t qﬁnsurface
hi ghe

of the silicon oxynitride filmahd an insul’ation film having a
di el ectric constianetian . be fasrteede (FP FTRtEMBODI VENTSS€6, Next, a

descri pti on Wlél% %jﬁggltxr%w a}%f%) I%‘%%Elogn cheosdsé);tI Oﬁgrrno%\%hrrllduct or device

according to e pre i NVén h
sem conducbor sjﬂvtemaghlpg’@cmmdMy shti che dm]dse d1é nmcboded soh, aarcdr ner
part 15 of the device |§o ation, si devva%@dt at constl tutes ﬁ\ shal | owtrench

i sol ation or dh &°8FFPREN T ade- FALT SIS e~ 1B Tt RFLHYS0j ect i ons

and depressi onsrafré Gstd1A shnwscfpsoneepkuals dagseerod . 20 shal l ow trench
isolation. Referring to FIG_  11A the illustrated shallow trench isolation

is formed by formng an P&k ighi s r eREAJEASR fs TR ofhe SANEDT
substrate 1003; by, £9RHUEHING, i ﬁﬂ@é”ﬁl?ﬁlcmsn%orfrﬁéch'ﬁég the %5. trng‘Ch thus

formed wth a silicon oxide film 1002 forned met hod
pl anari zi hg t PR FatoA Ghiade Y94 umezrbyllalowarrmmb@lt andtetnm@,l ike. In

t hi s enbodi nent LisGQR, ;S r pasgd 3iLdi;:
at nosphere at nJBSO D§8 g&?%g ]ﬁ teltfsétﬁte’gﬁgﬁl ?F%l (r)]c;n str%pcggw%he Si | con Oxi de
film 1002 accqrxhagssonghehGvemrtipdotbecomdtudtodacr i fncedaditdatr on, and

the silicon OXI de fljcfplform%d (Pymérrl] gzsaggl E\l e OXI atl OTasm etched away in

excitation gas, similar results are obtained also

15 when Kr is used. Further, while this embodiment
uses NH, for the plasma process gas, it is also
possible to use a mixed gas of N, and H, for this
purpose.

In the silicon nitride film formation

20 process of the present invention, it 1s one of
important requirements that there remains hydrogen
in the plasma even after the surface-terminating
hydrogen are removed. As a result of existence of
hydrogen in the plasma, the dangling bonds inside

25 the silicon nitride film as well as the dangling
bond at the interface are terminated by forming Si-H
bonds or N-H bond. Consequently, electron traps are
eliminated from the silicon nitride film and the
interface.

30 The existence of the Si-H bond and the N-H
bond in the nitride film of the present invention is
confirmed respectively by infrared absorption

spectroscopy and by X-ray photcelectron spectroscopy.



-38.a chem cal solution containing hydrofluoric acid. Thereby, a silicon
surface termnated with hydrogen is obtained. In this enbodi nent, the
surfaceterm nating hydrogen is renoved by using the Kr 5 plasma with a
procedure simlar to the one in the first embodinent. Thereafter, the Kr/02
gas is introduced and the silicon oxide fifFAfirs formed with the thlckness
of approximately 2.5 nm According to this enbodi nent, as shown in 10 FI G

11C, the silicon oxide filmis formed with a uni form t hi ckness even on the
corner part of tRe shaf oW Er 8AcK¥isHAUFOnC i EHEGCIAusi Ty dREP EGEE 31

silicon oxide filim t{H&k@@Séha'fQ%t%ﬂl'sCQ{‘cé’Xige efliskmdfarded; by the plasma
oxi dati on nmethod using the 15 Kr plasnma has excellent BD (Charge to

Br eakdown) char adtrerdsfacs Shélt@dldrﬁglstm shbl tbw tsdércipn sl hiton part, and
there i s caused ‘Jtﬂad‘gaﬁ e%k erecggégn%ﬁecﬁeg( 'l’th’Qr‘r? zcasc=I \Ahcer{e t he
i 20 ‘the

anount of the in el ec Fi ¢ Scharges are |
reliability o thmsdevcbf:efosmuﬁgrmmd ﬂlgmcfmcamt:lry.del rfi]he sasaesahgf @r m ng

the silicon oxide filmb e convention oxi dati on method as
shown in FIG 11|§,a’ﬁ1eg?%' :‘.Ei’:nﬁro;krt hé'f I‘?ﬁl2§ )E)%%Me eY8fe it tffe cor ner

part of the shal lpagditenehtbseudbiress witte i DE8P8SbIEY dlaetr &gl 6rohotike
shal l ow trench isol ation. However, in the case of the plasnma oxidation of

the present inverti dmie nblslcATERiItAMaTg BfoY heesi PP@OﬁWﬁ(l%rH-‘P% i s caused

at 30 the corner pardsofethe shal hQutd ksokatipoeven ywheo the taper
angle is increased. Thus, in this énbodi nent, by nmaking the taper angle for

the trench nkdr the ri ght afgFe i’n sty shiEh¢ oRr epEMEle idrnendence 039
structure, it ispassibie o pedy ensr@ﬂﬁe{“h Ekﬁ@@sdefvﬁ?%sgé%karinr egi on

and further increase 1 ntegration I'n t € Séni con r devi ce
taper angl e of abiouttti® mpegcees hla$d1aéredlsehloﬁef or Imhe:lrdaeve:cpersmbattl on

part in the conve EOI[]%| her nal OX|dt|ont chnol ogy, cau of the
limtation causeéﬁt)y e %hl nﬁl ﬁg 6’1fl he trho‘? Q %%x%de ?ﬁH’c he trench
corner part as shewtidl FbfesihBe A(aﬁnrcdlwngstgetheop@%/@ﬂtamcmvenéi on,

however, 10 jt is possible to . use the e of 90 degrees. FIG 12 shows
the cross-s %loﬁiﬁ PR W o FABSsHES ﬁng% YetFFrm formed on a silicon

substrate having an undul atRagewrlfn@ce;cf ar 16 f ov ed thy:s6pnsici 88 @hat
90- degree etching on the silicon 15 substrate, with a thickness of 3 nm
according to the REBUBF £Re IMiGEa2 SR FRRP S iRdroay rides t 9T FFBe 12,

it can be confirpmd thad A shl boor e d i1 of ruRishorem i ckgess is
formed on any of the surfaces.
processing chamber and thus by increasing the energy

20 given to NH, (or N,/H,) by the rare gas (Ar or Kr).
From the viewpoint of efficiency of nitride film
formation, it is preferable that the gas pressure be
in the range of 6.65 - 13.3 Pa (50 - 100mTorr).
However, from the viewpoint of productivity, it 1is

25 preferable to use a unified pressure suitable to the
oxidation, for example, 133Pa (1 Torr), also for
nitridation, in the process where oxidation and
nitridation are continuously conducted, as will be
explained in other embodiments. Additionally, it is

30 preferable that the partial pressure of NH; (or

N,/H,) in the rare gas be in the range of 1 - 10%,
more preferably, in the range of 2 - 6%.

It should be noted that the silicon



20 .The oxide filmfornmed as descri bed above has good el ectric properties
such as | eakage current or breakdown voltage. Thus, the present invention
can realize a high-density sem conductor integrated device having a silicon
t hree-di nensional structure 25 that includes plural surface orientations
such as a vertical structure. (SIXTH EMBOBENENT) Next, a description wll
be given of a 30 flash nenory device according to a sixth enbodi nent of the
present invention that uses the formation technol ogy of oxide film and
nitride filmor Zha¥ide &iym odgelted it théw et aieme BRowsidnghs asma.

-40 In the qescré-gf%ci:QEithq\g’léé:[trsih@uégng%aﬂ%t o¢ tﬁa%, t@ﬁi@ﬁpb%&%té an, i s
made by taking a ash nenory device as an exanpl e, however, the present
invention is appbaabl ewakso atso I1ERROME3 s EERROSpecndi ¢ heielketrScHI G 13

shows the schematic ﬁéo ss%ctionql.vieM/of a %Lq;h menory devi ce accordi ng
to this enbodi mEHt=S BEEr Pifng %0 F G F 137 fhe fH11&5h nermory device is
constructed en a silicon subsigridnmdrdlo #0tard durddidesyarkuBngloilntg gxi de
filml1202 formed on the silicon substrate 1201, a first polxsilicon gate
el ectrode 1203 fOrFEYCBRTERS G Rl i Hige oRtdécrn Mo ast alm oRbiedgiafht e

el ectrode, a sildyom 0Xi debldiMekd0%h andravehhicecon i tride thhw 1205 forned
15 consecutively on the polysilicon gate el ectrode 1203, and a second
pol ysi |l i con gat el €3 e2¥L 08 rF206- fTIIRACHALLRE 1§ 1SN iF t PV dEDR IAAE205 as

a control gate elecirodg. o FliG,d3, 1Ll Eﬁterrﬁ'ltailo"bﬁ%é h?iﬁfﬁ”ﬁ%@rﬂn i on,
drain region, contact hole, wiring patterns, 20 and the i1 ke, Is omtted.
It shoul d b&Onottgte t blat ckhessi [dfton. Dxidéesf Pbrmali2GA in f bhaedaby tMiere
silicon oxide fihp1fg£ﬂ%t' n t hod expggbn%d in the f'éﬁ% %nb%%gnent, and

i
t he | am nat ed sﬁ%d%ture oF 176 "S5 con OX|demﬁﬁ%%9ﬁﬁﬁ. tRe"fitride film

1205 is 25 formeskibyet helhormEidkre st bodlobngi)l,i cordan t thdecbnldhtexpl ai ned
in the third enmbadi ment. - 17, are sihenatic crosssecti onal ngms
S

| GS. 14
for explaining t ?aﬁrV@gﬁﬁ8ﬁlﬁﬁkk% f fRBIESEsh nEhbF yR8UEc &N thi

embodi nent 30 stiep HysstBRe Ref eyrddg tRrbligh the ashitgonosubgtrate 1301
includes a flash nmenory cell region A a highvaoltage transistor region B,

and a | ow voPt agelniagarigaddSirsttdia b e3PBR2ESt A&t Y HedPRed By Sa fiel d
oxide film 1302, whekelnsa Siddc ik Qxd de; f il Mo1303,d 5406 medsQn Atche sur face
of the silicon substrate 301 in each of the regions A - C. The field oxide
film, by using the silicon nitride film of this
embodiment.
It should be noted that the film formation

20 condition of the nitride film described above as
well as the physical and electrical properties are
not limited on the (100) oriented silicon surface
but are valid in the same way on the silicon of any
surface orientation including the (111) surface.

25 It is believed that the preferable results
achieved by this embodiment are not only attained by
the removal of the terminating hydrogen, but also by
the existence of Ar or Kr in the nitride film. 1In
other words, in the nitride film of this embodiment,

30 it is believed that Ar or Kr existing in the nitride
film relaxes the stress inside the nitride film or
at the silicon/nitride film interface, and as a

result, the fixed electric charges in the silicon



"5 firlm1 02 may be fornmed by a selective oxidation proces~ (LOCOS net hod)
or shallow trench isolation nethod In this enbodinent, Kr is used as the
pl asma excitation gas for the renoval of the 10 surfac~-term nating
hydrogen or for the formation of the ox~.de filmand the nitride film The
oxide filmand nitride filmformation appdtatus is identical with that of
FIG 1. Next, in the step of FIG 15, the silicon 15 oxide ~iIm 1303 is
renoved fromthe nmenory cell region A and the silicon surface is

term nated by RYy&Fdgen HyiWi Tt BAShyar6MLRSTS cSBRrE Er8adity. 1 Furt her, a

tunnel i ng. oxi deehLRgL30d Seibpr BRGRtiEMIdaAnd by  OnbBSvEbEsternbodi ment
descri bed above. 20 That is, as in"the above-described first enbodi nent,

t he vacuum ves$ekctpriccassiper thaabend e izekvakuadtsd to vacuum and the
Ar gas is intr int.o processi ng chanber 101 fromthe shower plate
102. Next, thegggggggﬁrltslss%m{] Thed to 25 the Kr gas and the pressure in the
processi ng 5chanbe 101 is Bettiouabolly,l iforis Nextghthehsitd idon oxide film

1303 is renoved anq t he soiréizgon suPstratgl %‘b% ected to the dil ut eg
hydrof l uori c aBfdStF8&Shent 4% Pht Fodllde nt 3° f AEEpFELESsihP thanber
101 as the silkcon'suhst at a dd3 obnEkCouteandd stk acogrornchiratstage 104

havi ng the heating nmechanism Further, the tenperature of the substrate is
set to 400 C. th94?lFl5:rttnn‘é‘r,p’éoPr?EFb\‘Rlévémf?a\ﬁ%l?}Hélf'Fé(quency of 2.45 GH

is supplied fropni-he (caad @ cyayegehde 03 & thec radeals jhinle &4 ofnant enna
106 for 1 minute, wherein the mcrowave is introduced into the 5 processing
chamber 18P frbdhet keéseadifalthe neisiepnawxdififa A0b™t hr ough the diel ectric

plate 107. By exposing the, syrgage.gf {Lhe 5id icon subsiial e 1301 4o the

hi gh-density Kr plasnma thus fornmed In the processing chanber t he

term nati ng hythegemesmeca t10l neemivednf, r dm taval st idconosthacemofrd tes
substrate 1301, Tpcie, tlhe iKﬁ[ Jgéasafggl tg% Q gas argsiewgar %%'ﬂ,ferd ffé)gpnthe
shower plate 165, ARd the st 1TEoR 3% BE F 1 1302 UE_deP Sy e Runheri ng 1S
insul ation filprbsebarinkd appd hetnegrapahlw tdf acdhdcknesy efxiddéd nm
Subsequently, a,first polysilicon layer 1305 is deposited so as to cover
The. SillT oot oxEHANT EPFREIERT bt LOFhe Eadia BUTSE! BF cUf 2 6L A0. | & 20
renoved from therheglnmeald age: and howoveldsagiert4 absi sbadufcar nati®n regi ons
B and C, respectively, by a patterning process, such that the first

pol ysilicon pafPeMAtioEs 3% Y2FRJofl FVET SHRT] URMRY PRAgPORItGe TR9n 1304 in

the memory celjkeaboB2rdhs fild Chobbia BlChing. £heaniag s onducted and
the surface of the polysilicon pattern 1305 iIs
gas release structure releasing an Ar or Kr gas for
20 excitation of plasma by microwave and a second gas
release structure that is different from the first
gas release structure and releases the NH; (or N,/H,)

gas.

25 (THIRD EMBODIMENT)
Next, a description will be given of an
embodiment that uses, for the gate insulation £film,
a two-laver structure of an oxide film and nitride
film formed at a low-temperature by using plasma.
30 The formation apparatus of the oxide film
and the nitride film used in this embodiment is
identical with that of FIG. 1. In this embodiment,

Kr is used for the plasma excitation gas for



term nated with hydrogen. Next, in the step of FIG 16, as in the 30 third
enbodi nent descri bed above, an insulation film 1306 having an ON structure
of a | ower oxide film 1306A and an upper nitride film1306B is fornmed so as
to~cover the surface of the polysilicon pattern -43 1305 simlarly to the
third enbodiment. The ONfilmis forned as 4%t| ows. The vacuum vessel
(processing chanber) 101 is evacuated to vacuum and the Ar gas introduced 5
fromthe shower plate 102 is switched to the Kr gas, In addition, the
pressure inside fREMATIAEsG hotRafBers £isdt 33 abbat PE3F 16ie (Al fBrr) .
Next, the silicon substrateri3941 caneykRg e POLysll i(peR atdefd 1305 in
the state that the hydrogen 10 termnation is made is introduced into the
processi ng chanbehar@erdnd G5 pfag¥dcon tstte 52 agrcdod Bad #g the deat LAg

mechani sm Furth u o] ' j et, 40 ~ Next ,
a mcrowave havi %étfﬁ%ﬁ%&ﬁ%@é %ﬁelgr%)@%f%ﬁé ingﬂg{t}%p??i elé)t]t OAIOC%% 1fg:alt'ai al

| ine sl ot antiennaht@@rf rdmtdel ¢daxi dhewmgvege dpas 050f be dbhatoduaedut e,
wherein the mcr ve is i,ntroduced into the ocessi ch er, 101, from
the radial line g%%t n&ﬁ‘tscerfrﬁa i‘tﬁ%’g?ﬂFguéﬁ’ tthjee g’%%l%ﬁf‘r?goﬂ‘l %’}Ee o7 ThRd 20
there is generatepd gaki,ghrtdenshéypKesplhasimor Asha@ pesdbksithe sHhigse of
the polysilicon Eattern 1305 is exposed _tao the Kr gas and the surface

term nating hydr 6§éniis SnovRd2PREXt 138 B3 dZ nf*BH8) gas is introduced into
25 the processing chamber hdxfrophtheishows! Phsteri@2 whil e Jmhydatsilng
the pressure inside the processing chanber 101 to about 133 Pa (1 Torr),
and a silicd? oxtaelfiluhgds HYﬂiﬁ%ngﬁrtlﬁe J5old st FeebReslr fAce Wit h a

t hi ckness of 3 n u Y 5Of i.Cr i ut down
tenporarily, theg}lﬁ?(rgg uﬁﬁnoﬁi%ﬁgtﬁgﬁ%% %g‘ds Salgl %ﬁg %lﬁggg\s@ari\f@r%a’rs&%@r% t ed.
The interior of hfidregeuunivesisel p¢ppoocess i habber jni@d iiss-eMacuat ed,
-44 and the Kr ggsf%nd an Nl—ll3p as.are iritnrt%d ctgaé:l fggmet Q‘i shov%er%tg)l ate 102.
The pressure i nsrde the prsoces |?|% cﬁgnber 1017 P S8T°F3 "ot S 3Pa (100
mlorr) and tre nioLowave pifa@edbS&hizthe suppld e b againg nthe thwes progessi ng
chanber 101 \é.)ia thehr adial line Eéot anﬁilen a 106. Ther eb\ér’ q_‘irﬁgh-densi t¥

pl asma i s gemer aFEGNPR YW priotkERFfRg & RRP HUERI Plot i t3R U FFPm i s
formed on the sikkcagrioxigdesdd|dm surface w=th the thickness of 6 nm ZO

When an ONfilmw th a thickness of 9 nmwas forned as descri bed above, the
filmthickness of the ON fiN$#%hud BBFIPHEY SWvd2 MR FoFAf &FE HEMepehbence

on the polysiliconssughace Ord ghbatbancwas mbseiyed: Thue silovasnfeshhzed
that the 15 extrenely uniformfilmcould be obtained. After such a process

of formation of LRAé OMom Ithe theakhsdl deivey Fiden 1B866EPs Aemovedtgrom t he
hi gh-vol t agg jand, | gy, vl ]Eté}geg ﬁ%@é%%%gr i et ians, 8,804 ©nceshgetively, by
, en

patterning in the step o an , ton 1nplantation for
threshol d vol t agercorsrsding sclcondect €8 lowitehethd ghi9bktage camrd d oav- VOT t age

transi stor regio B_and C,_res Lvely. .F e [ [ | 303
formed on the reglﬁgng%g%fndae d:?ggfg'}éﬁségg , hﬁ’;\gdégalge%%tiegoﬂ%g‘g %C{ r%i;lT]SOY is 25
formed on the regkpnsBnw tthea 4dr€&kness fofthe il Idheneatibertrag agal @3 okode

second pol ysi || cORCl By PRI ant §7oPIrc e Tayeraa336°5P8 Fot el
consecutivelRy onp3Octhe ienf idreambéedctone including the field oxide film
Next, the pressure of the processing
chamber 101 is maintained at 133 Pa (1 Torr) and a
Kr/0, mixed gas is introduced from the shower plate
102 with the partial pressure ratio of 97/3.
30 Thereby, there is formed a silicon oxide film on the
surface of the silicon substrate 103 with a
thickness of 1.5 nm.

Next, the supply of the microwave 1is



1302.- IIn addition, gate electrodes 1311B and 1311C are formed in the

hi gh-vol tage transistor region B and the | owvoltage transistor region C,
-45 respectively, by patterning the second polysilicon |layer 1309 and the
silicide layer 1310. Further, a gate electrode 1311A is fornmed in
correspondence to the menory cell region 205 After the step of FIG 17,
source and drain regions are forned according to a standard sem conduct or

process, and the device is conpleted by conducting formation of interlayer
insul ation. filFBUAAGYEoMORID HOF 8Yardf orifai @ DRC b O PIENGHE0 DatBeér ns. In

the present invegtk@Rniira &h0ul dybeepobed dihat {he iAsulk-abiondiifs 1306A
and 1306B nai ntain good electric propertiées even when the thickness thereof

is reduced to ab@gﬂuanQﬁﬁqlth@rqseééﬁ@@hﬂhjmﬂethiéRée§§§ﬂ Khe adxi de
filmor nitri dem% %‘ %5%6%t?%r)"ﬁ’ﬁdsis t%?gfoﬁh'c!e%o%r%h n L1 L, L3Q6A and

silicon nitride mal nt ai h 'goo ectric properfies even when the
t hi ckness therepiates néduceikh ax epdensel and dwmavee hrghiqualfi tH8/20 Furt her,

it should be noted that, hecause the silican oxide film 1306A dt
o D ok R e et € oSS EF GRS R s no

thermal budget @nzthe Isidgpiated hgghhhewfiace had weeaskheegatre fd ysilicon
and the oxide 25 film and good interface is obtained. The flash nenory
devi ce of the pPESERESIMEMIFIPRANSBES £6r MBAY T i hd° aRd ladiadf lopet@ti ons

of information gt Lawqweldage: apde SHPRRESR ndhie: Yepes ahkon nof rlibst rat e
current. Thereby, 30 deterioration of the tunneling insulation filmis
suppr essed ! OHenREO CaSHGARI cthambper sghil c o ety needRynEn awsiidhii et f1 ash
[“jfg‘);?’r geVi ces Ritwgeprfgsl%‘t%ﬁ “E’ﬁ‘ﬁt isBElrfgrc% gj’f a&ggdsﬂ%%o%v‘%‘ﬂ&‘@“si onal

y can be produced wth hrgh yie and shows stable characteristics.

Ir_ the flash nBhbmywdéwn deheftiihekpeesentt ilnvamti on, the | eakage current

is small due to the Upon formation of the silicon nitride film
with the desired thickness, the introduction of the

15 microwave power 1s stopped and the plasma excitation
is terminated. Further, the Kr/NH; mixed gas 1is
replaced with the Ar gas and the oxynitridation
processing is terminated.

Following the oxynitride film formation

20 described above, by conducting electrode formation
processing, passivation film formation processing,
hydrogen sintering processing, and the like, a
semiconductor integrated circuit device having
transistors or capacitors is completed.

25 Measurement of the effective dielectric
constant conducted on a laminated gate insulation
film thus formed has revealed the value of
approximately 6. Also, electric properties and
reliability characteristics, such as leakage current

30 characteristic, breakdown voltage characteristic,
and hot-carrier resistance, were excellent as in

the case of the first embodiment. The gate

insulation film thus obtained showed no dependence



5 excellent filmqua-ity of the insulation filns 1306A and 1306B. Also, it
is possible to reduce the filmthickness w thout increasing the | eakage
current. Thus, it becomes possible to performthe witing or erasing
operation at an operational voltage of about 10 SV. As a result, the nenory
retention time of the flash nenory devi celis increased by the order of 2 or
nore as conpared wth the conventional one, and the nunber of tinmes of
possi bl e revvritin]g’J| operation is jncreased by tr}]e order of 2 %r nore. 15 It
shoul d be not &P t h3f EHE FHASTM BT UL AFECEF FHhe Thstt at FOR FIRRMFE i s not
limted to ther@N sthHCkuL £ ai Ned1above, Mulm ikatsngl s@cRASHPI e to use
an O structure forned of an oxide filmsimlar to that of the first

enbodi nent, arFPeRBCELrGELHEE MR PebO BT RIS R e SEALICED t&F t hat of

t he second e [ I Qxyni £ ride il iy o] o] i e
fourth enbodi nen @I{%Efta%gr @%ﬁ%\éﬁ?gt iOnglle;Pi ISHr%{ElABS%h%m;(/&Eg\)/e%SJr#%@'
structure Pornikd ohia mietniede fillen aateadnoxilde féd nf1i285 AAvaANG dtatutt ure
in which an oxj| ilm. nitride fij .0x] de-f] re ] am nat ed
consecuti vel y?(t}gere %%wmesrtéauéc usr{eé‘l{%ln Rﬁ?gﬁ%ln%% r‘?%lejc%l?]l %Xléﬂne or?xjinfe film
a nitride fil mn@anthanhaxghdelifé laxar ecl annsataed codnsesdtevelkyidcGhai e of
any of the 30 foregoing structures can be de according to the purpose
fromthe vi emptbt?%tgbf:rggﬁpﬁplﬁ? 114y WEh fRE gate insulation filmin the

hi gh voltage transistor ahilownddagentr argiistigled NthbetperilpRey@l circuit
-47 or fromthe viewpoint of possibility of shared use. (SEVENTH

EMBODI MENFY Itc%fh%EFHCEéorﬁ’otoefg ahat*tfe formatdch dfnEtEhdegdtidMmsul ation
Filmby using ffie-£OLRROILAY I /£F1 1 £5OvBYGr@xCid i8Sk & gbndensi ty plasma or
the formation of the gate nitride filmby using the Ar (or Kr) /NH3 (or

Nz/ Hz) microwesdel éxent eddsi.gh-lrevey, plasis BLaxsipgsshblapgar atus of FIG
1is 10 applic o] e f ti ! C Lptegr.at ircuit
device on a si‘??%:%%éoﬁhgn&ﬂ ae{%réfnnte}?éll 8?3%@[ (r%g%tr%yséd?ﬁl J\%\/g%e?ll?crf?]%uegi ng a
nmetal |ayer infile anderkying 3 | titonpropwsiesh netral agdbst.pat,e 1SOis
conventioTsI hi gh ten‘get%ﬁurﬁicﬁr cess ig not 15 ogsjsntl)lg.vl?articul arly, the
ef fect of “Penoval® of°PRE & mMhatThy hydfogés ppears™ coRgplCudisiy in the
SO structure hambag arfskallmss) |deom &kl bxtikiec kicss/ mhdr paef or m ng
conpletely depleted operatiqn. 20 FIG, 18 shows a. cross-sectiagnal view of a
MOS transi storflrﬁa‘@?‘ﬁﬁ dendtdim sUbstT hee %ﬁi“’s{tor’ﬂﬂ%rg?f‘ﬁzwﬁrilﬁf to FIG

18, 1701 is a #pwheshgbaree semgeonductor |ayer of n+-type or p+-type, 25
1702 is a silicide layer of such as NiSi, 1703 is a conductive nitride

| ayer such as TaN or Ti N, 1704 is a nmetal |ayer of such as Cu, 1705 is a
conductivegni t r¢&ertayelpeh S4Ghr@s resistance sem conductor 30 1707 is a
nitride insula and the i ke, 1708 is an |layer or a BPSG | ayer or conbi ni ng
these, 1710 is TaN or Ti Nexk7.06 ideact vbrkapar vofl ne ypever pt-type, tion

filmsuch as Allo@iAMRe $rd% Tdddy 1{08xb 5133 1 P2 Al PRYLAL Q. T ayer

low temperature by using plasma for the gate
insulation film.

25 It should be noted that the oxynitride
film formation apparatus used in this embodiment is
identical with that of FIG. 1. In this embodiment,
Kr is used for the plasma excitation gas.

First, the interior of the vacuum vessel

30 (processing camber) 101 is evacuated to vacuum, and
an Ar gas is introduced into the processing chamber
101 from the shower plate 102. Next, the gas

introduced to the processing chamber 101 is switched



a drai'n region of n+-type, -48 1711 is a source region of n+-type, 1712
is adrain region of p'-type, 1713 is a source region of p'-type, 1714 and
1715 are silicon sem conductor |ayers oriented in the <111> direction, 1716
is an Si02 5 filmformed by the Kr/ Oz m crowave-excited highdensity plasma
after renmoving the surfaceterm nating hydroger _ by Kr plasnma irradiation
according to the procedure of the first enbodi nent of the present

invention, 1717 and 1718 are 10 respectively the gate el ectrodes of an

n- MOS transi stort@nd ¥rpIRss &FdmstLEof TafdSfo PreTRISFSUrRaN/RLde

TIN'Ti, and the {hkep Lt dihP SOMhEErelactinde. Of L Hec N1 NSy @nsi stor,
and 1720 is a drain electrode of the n-MOS transistor and a p-MXS 15
transistor. Furtherr)1721 is a source el ectrode of a p-MOS transistor and

1722 is a substrate Surfac%ﬁﬂéﬁﬁfggﬁ Igh%U%Qfagnggggg?ﬁg@Ql¥H§© a Cu

| ayer and protected by TaN or %’t nperat ure of ermal” pr'ocessi ng
has to be abéut F00j€caerd ess diorusepphedsiofd uhiffesaondot l8anithe &odirce

o oceasi g ot 550 HLAEOTD R4 MAF aPPBHor AT AU B SRty 25 T
the sem conduct ofeg@vheeciaynhideogeri ¢a Gt Er8keEkGngl&tdg shoul d

be noted that the conparison of the transistor_ sub-threshol d
characteristics PRPREeA CHY R TRer SalPREORICTXi HREPi FRSi s used for the

gate insulation fibme3adn30 dhenwaseiwheradt he gatecdasyhatihen fdddmis
formed by the Kr/O2 m crowave-excited high-density plasnma processing after
renovi ng t héOsur}@tebaEimondtiand eyt bgeRelaries Ky pfaskieirrr &disati on, has
reveal ed -49 t t the a . [ 0 egka i B~t he

sub-t hr eshol d ch‘g%%%?grgitg}iaecso%{eﬁetﬁggggﬁ‘gﬂ Eiism a‘# oﬁgfig % i€ for med by
the thermal oxidation, whiNextm, thentasewaer dathiengatkeei Aselkdaternay fofmi s

5 forned by the prese i nvention, .excellent sub,threshold characteristics
are obtained. Wh hgg ﬁgga}Fyﬁ§Qék&%% ggo%ﬁ@i&ﬁ%ﬂ%%c the Fgo s@&t?qna
shoul d be noted that fEbar @ nappesd:si &l svhiream isly flar® havi ngmansiyd ,ace 10
orientation}gifferent_fron1that of the silicon f|]at surface ﬁsrt, at the

si dewal | patf of "RRESHBs& P Fe P cEr Y &t #8n T TR E B8)tPolthieng the gate

insulation fil mpyotbesphasmmoxbsation dsbhd te +d@iQXi dakthon oft the mesa
device isolation sidewall 15 is achi eved generally unlfornié simlarly to

the flat surface*PafBRaand fexdetent ehectiied S5iopks tPe38nd OHi-gh

reliability are pblabped. thytdhers 4énbsaReESIHAlE 1P REOEYCR1Rsma of ,
net al -substrate SO integrated circuit device having 20 excellent electric

properties and hEghirethgbidnage s sodi ahenbegadd lof uBiiagsurdigldecon nitri de
;LL”1Lgrgg?é€¥n§%§gﬁ?gg%ﬁﬁﬁﬂﬂyhfébéﬁeiBrQ%ﬁ%W@%‘%yt£§b§§985dtﬁﬂP°di"E”t
surface of the silicon substrate 103 to the plasma
thus excited by the Kr gas.
Next, the pressure of the processing
chamber 101 is maintained at about 133 Pa (1 Torr)

25 and a mixed gas of Kr/0,/NH; is introduced from the
shower plate 102 with the partial pressure ratio of
96.5/3/0.5. Thereby, a silicon oxynitride film of
3.5nm is formed on the silicon surface. Upon
formation of the silicon oxynitride film of the

30 desire film thickness, the introduction of the
microwave power 1is shutdown and the plasma
excitation is terminated. Further, the Kr/0,/NH,

mixed gas is replaced with the Ar gas and the



“In this enbodinment, too, it is possible to 25 obtain good electric
properties even in the case where the thickness of the silicon nitride film
is set to 3 nm(equivalent to the oxide filmthickness of 1.5 nm, and the
transistor drivability is inproved by about twi ce as conpared with the case
30 where a silicon oxide filmof 3 nmthiréRness is used. -50 (ElI GHTH
EMBODI MENT) FIG 19 shows a cor_ceptual diagramillustrating an exanpl e of
the fabrication apparatus according to an ei ghth enbodi ment of the present
5 invention i neerideldtt bdebhgbcPreaarinh pfocessilmgtat tridation

processi ng, or oxynitridag%gﬂoggggﬁq§hg deguggh¥§hkhgggapgnannrphous

silicon layer forned on a l[arge rectangul ar substrate su as a gl ass
substrate or addsastiltedubbbrat e bon ashidhctigaui ¢le@torodt afodingplieyp devi ces

or organic eleigg%éggpg cepce q%%ices agglko%gg%ag%géﬂr}ngeggeglG. 19, a
vacuum vessel (processin ’cﬁanﬁer)tféﬁ? i s evacuated to & ?OM/preSsure
state and a5 Kr h@eirmigwed gastesingt odusesisds, f ram ahshaviete pl ate 1801

provided in the processing chanmber 1807, Further, the processi ng chanber
1807 is evacuat&PifPReYeharsdPrdG IR 4805 SR ﬂﬁﬁl%%mpiﬁéggure i nsi de

the processi ng +Ghades+dB807oks cs@ladix did3 Pa Cdmpaleided Further, a gl ass
substrate 1803 20 is placed on a stage 1804 having a heating nmechanism and

the tenperature of the glA8sskewst it €16 sét the3deratite PrBEESSi ng
chanber 1807 i g grgyl ded,wh hs%ghﬁJgﬁc ek« 0f, I acly rbyaggguides 1805
1

25 and a microwave Is introduced into the processing chanber 7 from
respectivel &l i tphagfogmis $ apgeanatysrl ofdgest apngulchrngs egub sieant8esly

descri bed above.vi a i ri l.ate A8 hi,gh-d i a is
generated in t%@ﬁﬂxﬁ%ﬁéﬁ%ggé a%ﬁgfaﬁéﬁé.ggﬁ gggpﬁfgﬁbdgggi%ﬁ,Qbhzﬁg%ower
pl ate 180l pr owiacerk iaf t he/procesIia® Lhanbkowe8ez ,f wicin otiseaksbdias a

wavegui de for pro ating the mcrowave enitted by the wavequide in the
Fight and | of t Odi PUBE e G TFea28q £RE FErm o' % LOPFEEe Mave ' 1 ©30
shows an exanplog whes es omotysichiteon dhgdn fokmitr arsivded 4d&Tkheused for

driving a liquid crystal display device or an 5 organic EL photoemn ssion
device or ¥or @8OUNE L brblessithRiiS hate PXAFSEREd 15y ¥FHEAFSEhe gate

oxide filmor gabg MiTddeyfihm ohd hedd esgBlel RYRNLQN Ny #3508 bhe
apparatus of FIG 19.
the Kr/0,/NH; gas is about 96.5/3/0.5, the leakage
current becomes minimum and the withstand voltage
and the resistance against electric charge injection
20 are improved.

FIG. 9 shows the concentration
distribution of silicon, oxygen, and nitrogen in the
oxynitride film of the this embodiment as measured
by a secondary ion mass spectrometer. It should be

25 noted that, in FIG. 9, the horizontal axis
represents the depth as measured from the surface of
the oxynitride film. In FIG. 9, it can be seen that
the distribution of silicon, oxygen, and nitrogen is
changing gently in the film. However, this 1is

30 caused by non-uniformity of etching and does not
mean that the film thickness of the oxynitride film
is uneven.

Referring to FIG. 9, it can be seen that



‘First, the exanple of formng and using a 10 silicon oxide filmw /Il be
expl ained. Referring to FIG 20, 1901 is a glass substrate, 1902 is a Si 3N
film 1903 is a channel layer of a polysilicon n-MOS having a predom nantly
(111)-oriented surface, 1905 and 1906 are 15 respectively a source region
and a drain region of the polysilicon n-M33- 1904 is a channel |ayer of a
polysilicon p-MOXS predomnantly oriented in the (111) surface, and 1907 and
1908 are respectively a source region and a drain region of the polysilicon
20 p-MOS. Furthehe tonh@arstmaghte efevtitodwet imetpel psiviniicon de MOSlmand

1911 is a gate el ectrode of, the Lysilican p- MOS, 1912 .i.s i nsul ation
filmof such as™$i 829%8% e Bﬁgg%x'%@f la*nlaCDlegl(ﬁk ?(la%%ﬂégﬁe%l\i%l y the

source el ectrodenekrithepadn$idtcone2s in-iMIm (@ogh §t ptikkearaaus!| sut hecdrain
el ectrode of the gol ysilicon p-MOXS), and 1915 is the _source el ectrode of

the pol ysilicon*PIVBECTRASHDOUWRH bBOnGEETF A HatP3 boP §sihEc S ¥ E 9% ned on

an insulation fEhmmbecames siabhe, o&nd ity e ensec apd rurldd Girysd athézed
and thus provides high qual ijaﬁl’ when having the (111) surface orientation
in the directi odXpBipeidicul Bkt St REVieFSd &FHPEFFAR LI B 1 HissS endddi ment ,

1909 is a sili C?Br(r)@’éir%% wid St mbaver fxJden present invention having

the thickness o ~ mand forned by the procedure simlar to the one in
the first enbodi ment by usitg. t heé appamsatihe clep¢@lenge ard lisa¥ageed on

the (111) 5 origpied polysilicon,af ;4096 vty the thickness of 3 nm
According to thé present i nvention, "thére occurred no thinning of oxide
filmat thaoshaspbedimentpasd tiiet Appdevidce lisot at ¢ ofieeégi.on Forskesculd

bet ween the transistors, and it. was confi d that_ the silicon oxide film
is formed with Bfi PFOrAY iﬁ%}ﬁ*‘thi%‘kﬂ‘é%ronﬁ - plo(?y%ﬁsf’cﬁ oM diyF of the flat

part and edge pashkadlee Jurdnpl ARk akic@r Miracasso f OEhbobRiRG thel wosrce and
drain regions was conducted 15 w t hout passing through the gate oxide film
and the el ectriBBf &éfevdtdiloh WaschRE8ESatt MOUTXSh ABhE PERRISUT] he entire

process can be gppdugied At tRAPST akHEe i¢f MO0 LRAuLesS RKbid VRS
possible to forma transistor on a glass substrate. The 20 transistor had

t he nobi |l ity of oxpgeofiidat lgrBabienrbysédomigrevive plasmeoomnanthe
approximately 1 V ql.es.; h | .t age, of 12V or
nore was obt ai ng%aggyet %glcrs%%?%gégﬁgggsgi A rleglli%%wﬁﬁso tx\égeesa%ﬁlcﬁf or the
gat e breakdown R&rmelit &ye)a At ghaipesddepercat imrnoesseediomg ti0 MHz becane
possible in the t;_,ansiestoog choavi nﬁ. 'éh(ra1 channel length of about 1.5 - 2.0 nm
The | eakage chaP atPerFstite S OPTha®8f i con oxide filmand the interface

state characteristics of tHef80rpayysbl Faen/ axd deiti banweiee sgood. tilByt usi ng
or gani o EL 2ot §8nPEEPaT SbUTHE KR BROVITIE 10 (R BTER BY s, o531 ow
cost, high-speedoapenaticonn 1 anskhhghues! itdld lvid yue VE! enkhils ampsli nent i s
the one in which _
current at the same electric field is reduced by the
order of 2 - 4 in the oxynitride film of the this
embodiment in which the oxynitridation processing is
25 conducted by introducing the Kr/0,/NH; gas after
removing the terminating hydrogen by the Kr plasma
irradiation and that excellent low-leakage
characteristics are obtained.
It should be noted that, in FIG. 6
30 explained before, the relationship between the

leakage current characteristic and the film

thickness of the oxynitride £film thus formed is

represented by W.



"the gate oxide filmor the gate nitride filmof the present invention is
applied to a polysilicon, this 5 enbodinent is applicable also to the gate
oxide filmor gate nitride filmof an anorphous silicon thinfilmtransistor
(TFT), and particularly, a staggered-type_thin-filmtransistor (TFT), which
is used in a liquid crystal display devi cé€2and the like. 10 (N NTH

EMBODI MENT) Next, a description will be given of an enbodi nent of a

t hr ee- di mensi onal stacked L§I in which an_SO_ device having a netal |ayer,
a 15 polysilicon device, &f %ﬁ?%ﬂﬁn?ﬁoﬁgGsiﬁiéﬁﬁLﬂEViﬁE arB Bfadt&d FIG
21 is a conceptirad - diRgr amyefi dhiei£rossmSeet-med Yy Ut 18 ee@bobR@ent

t hree-di nensional LSI of the present invention. 20 Referring to FIG 21,
2001 is a firsttiKFr aRaNAPEHGY e, K200P R 1a b MP SO aABLaE ng
layer, 2003 is @didgh PRLYSIHIGON GV €6 aRd Wlild # BYRT £ 2004 LS &
second polysilicon device and wring layer, and 2005 1s an anor phous

seni conduct dr 25 sfevi ter arbwests ard - npeetiigldevice, thadlaawkiagieng | ayer.
In the first Sgd;angzﬁw (kng hayer 20901@?% al §94i,n j_tnhecﬁeect?g'ges%e%%d
wiring |ayer 2 ) ere are formed digital processing parts,

hi gh- pr eci si on t30: ahdlhi ghispesd sanad ogppavksmagyichrion®usmDRAM part s,

power supply parts, interface circuit parts, d .t i ke, by using the SO
transistors explained in &%esgévgﬁfﬁa%n%8g?ﬁe%gﬁt qﬁgﬁ ?%y?ﬁérﬁﬁﬁst
pol ysilicon dewiicen apfl whikN@nryEIm003a1tbesa i faiaedl pakal | el digital

operation Parts, i nter-functional block reEeater_parts, menory devi ce
parts, and*Phe 3i%Erhy BEPRG TS itdie A yER| &S Uirtah<T B3 BRSTEF LEItdS

menori es expl aigigd i Os t Beediblv AN B 9ht hcgrbadidmntse s & nafhhengecond
polysilicon device and wiring |ayer 2004, there are fornmed parallel anal og
operation part Uk AsTaALaFEINTY ersup¢ DLesnier tére adoldadiehe Pitke, by
using the pol ysijd con, t ranghstam P! &k oed;: baqt e Liaht he gpbpdiment .
Optical sensors, sound sensors, touch sensors, radi o wave transceiver
parts, and the tlickes wae bbsmedwdd nhedapeonghods senm tondsetbarceevi ce and

functional -paterial device 1 nd wiring |laye 005. The signals of the
opti cal se% or§F%§Rﬁﬁtégﬁs8ﬁs%qﬁnﬁﬁ#%g%%o¥8%5§§§%%ﬂﬁ%9€ag Ufrandscei ver
parts that areipr pvdgetlbina the fart phayst sermeanditcicat flievmcefand
functional -material_ device 20 and wiring |ayer 2005 ar r ed by the
paral | el anal o§%Sfet bR P bn pare chfch S5t anaipli WéPQN€h§D£§§§$erte¥
provi ded in thewecons pol ¥silliceon wleyi £8s andnWichiengs il Byesn 26Q4 rar@ usi ng
the polysilicon transistor, and are forwarded further to the 25 parall el
di gital oper at i%n 3Fa¥ t SURABCELhE Tyt RV ce parts provided in the first

pol ysili copgdevi ce and wi hkngelsayarn2D039%et he tSaconsh solysk! keon davi ce
and wiring |ayer 2004 and using the polysilicon transistors and flash
menory devi ces.@ 30 IReeRePXYDR& r¥idmalf slarefpersceddantby the digital

s anoce” S s BLEC SR luspeag ol o Lyt e
second SO -BRirface of any surface orientation even at the low
temperature of 400 C by conducting the silicon
25 oxynitridation processing by using the Kr/0,/NH,
high-density plasma, after removing the surface-
terminating hydrogen.
The reason why such preferable effect can
be achieved by this embodiment is attributed not
30 only to the reduction of hydrogen content in the
oxynitride film caused by removal of the surface-

terminating hydrogen, but also to the nitrogen

contained in the oxynitride film with a proportion



-and wiring layer 2002 and using the SO transistors. In addition, the
inter-functional block repeater part provided in the first polysilicon
device and wiring | ayer 2003 does not occupy a large 5 chip area even when
provided with plural nunbers, and it is possible to adjust synchronization

of signals all over the LSI. It should be3fAoted that production of such a
t hree-di nensional LSI has becone possible as a 10 result of the technol ogy
of the present invention explained in detail in the above-described

enbodi nents. 1% HeWDHYE, LeRe PEEIIT HtPBNLEBFE -gi Vién TS tPRYPEESERE
| nvention wth diespect Eﬂﬁkh%m%g%fi%ér&%@ 1§h8"‘ef8i%t S¢ Howeyer, the

[
present invention is not Iimted to such specific enbodi nents, and
vari ati ons and apgidxtadteny eyl he mabes s &hovbmgepard i wgthr divet he scope
of the present jnventjion. - I STRI AL, APPLI CABI LI TY According to the
pr esent i nvent i8h; ?tfbe%oﬁgségﬁkﬂ H%Ft%m%8%ﬁm&ﬂﬁﬁlﬁ%%DV% piace ot’
sur f acet er nt natkmg hydapgenaevermtatof ond t eapenatiyr e aftdhi mbaut 240Q +C or
| ess in continyous processing w thout breaking vacuum and wi t hout degradi ng
the planarity df°a 5t1FRof §&Pﬁ%ﬁ?e¢%nch it P& ﬁ&ﬁﬁiaik?B f8fm a silicon
oxide film sildennetisni ¢ hildRognd sl teenoeyyniddide film chakierg 10
characteristics and reliability superior to those of a silicon oxide film
fornmed by a cofAHtGohalr Pherfak BAndii bR pREcEII GO LFBRaTE LFtasma
processing, ong i !icR gkidRkrity faee, PEESRLAL Qi Als | o L gaRekat e of
about 500 C or less. 15 Consequen~ly, it becones possible to realize a
m ni at uri zed t seirsdss okni hhegifdtled of raui thhabiid§ I, gbhrteldfad ¢ i tyndnd hi gh
performance. Al sqQ,_ according tq _the prese Lnyention, it bec S si bl e
o forma. thi n o RrEr Guar: by st o8a sk THE itk odd | PEoRTRT ehiae
film and silieon wxynstr£deef isltatmwdeys Jopdisharabtierd stasd sueh as
| eakage current_.and breakdown voltaqg even on_ a,sil.icon sgrface of a corner
part of a devi €& S5O T i BROEFFERAT OF , “For C8¥AmpTe %% Shil| b t rench 25
i solation or onnprdvtécosigHiffacarntamt Ng rasyitacea flor mwtt hsproj ections
and depressions. Consequently, it beconmes possible to achi eve hi gh-density
devi ce inteyrationSWeh ARRareowsE ik £¥8F8ﬂ%ﬁ1QMQﬁ?PEﬁﬂtﬁP hidensi ty

devi ce i ntegratiran hayh ngragehrreaip i megiicaralo StT4s5Ur forln addition, by
using the gate insulation filmof the present invention, it was possible to
realize a flasPufdierabHevi ¢8 4t t A& LERE .capubl Ehe egIsgrnsigmficantly

nereasing ! he Uee Rl s hi BRE O Wi LA NG pEURLNATL0 ACERT dbpa e the
present invention, 1 econes possible fo of m h|dh s quality silicon
gate oxide fil meandsiteénonwgabhe nespeae €01 aléverrorma poyysil i con fornmed

on an insujgtion filmand baviag a predomoant Ly (FLDrigpted surface. As

a result, becones possSi bl'e to redlize a display apparatus that uses a 10
polysilicon tramistotidéavandg miegh adrivi g abakietye it fos t bér the
t hr ee- di nensi onal, i nt egrat ed chcuLg.device in which a plurality of

transistors an&H%ﬂﬁR?o%§¥na§6ﬂ8%% ard" st acked, which provides great

technol ogy spillover effechSthis embodiment, the oxynitridation

processing is terminated such that the introduction

25 of the microwave power is shutdown at the end of the
oxynitridation processing upon formation of the
silicon oxynitride film with the desired thickness,
and the Kr/0,/NH, mixed gas is replaced with the Ar
gas. On the other hand, it is also possible to

30 terminate the oxynitridation processing by
introducing a Kr/NH; mixed gas with the partial
pressure ratio of 98/2 from the shower plate 102

before the shutdown of the microwave power while



-58 CLAIMS 1. A sem conductor device conprising a silicon conpound | ayer
formed on a silicon surface, 5 wherein said silicon conpound | ayer contains
at |east a predeterm ned inert gas and has a hydrogen content of 1011/cnR
or less in terns of surface density. 10 2. The sem conductor device as
clained in claimi1, wherein the inert gas—#%-at |east one kind of argon
(Ar) , krypton (Kr) , and xenon (Xe) . 3. A sem conductor nenory device 15

conprising, on a comon substrate, a transistor including ahﬁolysilicon
filmfornmed on FadGaciohiBer EAEeP¥EE 3148 &t aPPPEor Scofsouht Ta§&r, and a

capaci tor includinng @ Secongdi $k bbeOm iGAMRNgd; L gY8h HoldTRM: 0fla8ePkysi | i con
surface, 20 wherein each of said first and second silicon conpound |ayers
contains at | ea$thea priededer akhed tirigla GGakmandthashe Mydrogess sontent of

1011/ cn® or | esg i arip. of , SHr hags densidy: 4254+ ASEM Gondugtor devi ce
havi ng a pol ysi on ‘layer of anor phous ‘siTicon Fayer ormed On a’'substrate
as an actives | agerl,iodrerel vradsi fiden iconpormed| ayertheorntat fa g af lhaast a

predeterm ned inert, gas and 30 havi a hydrogen.content, of 1011/cniZ or
less in terns oFl&&é%ﬂm?%%ﬂéFfﬁgﬁsQﬂ&ﬂnﬁb%n a shff @&ﬁﬁnsé} silicon

| ayer, and sai dheemimprnduci @redeviies siives @oflssphay car 3% deyigedf or ned
on the substrate. 5. A fabrication nmethod of a sem conductor device on a
silicon surface, conprising the steps 5 of exposing said silicon surface to
a first plasma qfrrad rsipbpentng@ds so as to renove hydrogen existing on at

| east a part of said silicon surface in advance; and 10 generating a second
pl asma of a@r xed gas of aVewtend desarigsiandwone & @ipieraPft§ of kinds

of gaseous ol equles,.and,{ of0tAGy Ak SIS LLRANCSUL aa8; @ STl i con

conpound | ayer containing at ast a part enents constituting the
gaseous 15 nol eeuvlcesrdindertsaad fs€cdbnendadiment. oThefealriesenon nmet hod of

2 sem conduct or devi.ce g elaledyi 0 Gl Al R HBE §uby Y 19 gnt e

quality silicon oxide film formed on a corner part

15 of the device isolation sidewall that constitutes a
shallow-trench isolation or on a silicon surface
having a surface form with projections and
depressions.

FIG. 11A shows a conceptual diagram of

20 shallow trench isolation.

Referring to FIG. 11A, the illustrated
shallow trench isolation is formed by forming an
isolation trench on a surface of a silicon substrate
1003 by conducting a plasma etching, filling the

25 trench thus formed with a silicon oxide film 1002
formed by a CVD method, and planarizing the silicon
oxide film 1002 by a CMP method, and the like.

In this embodiment, the silicon substrate
is exposed to an oxidizing atmosphere at 800 -

30 900 C after the polishing step of the silicon oxide
film 1002 according to the CMP method to conduct
sacrifice oxidation, and the silicon oxide film

formed by the sacrifice oxidation is etched away in



20 surface is treated by a nmediumincluding hydrogen. 7. The fabrication
nmet hod of a sem conductor device as clained in claim6, wherein the nedium
is a hydrogenated water. 25 8. The fabrication nethod of a sem conductor
device as clainmed in claim6, wherein the mediumis a diluted hydrofluoric
acid. 30 9. The fabrication nethod of a-S&m conductor device as clained in
claimb5, wherein the silicon surface is a single-crystal silicon surface.
-60 10. The fabrication nmethod of a sem conductor device as clainmed in
claim9, wheretnchehécsill issoisietacenics iain00)ydré Ehved isursfaick. 5 11.
The fabricati d qf St o] . devic | gi red i {9,
wherein the si |%§%B ar angL]i sé%r?ﬁ‘gg?ggrl gﬁetrle ens%??%cggq‘i‘oh&r%%p
fabrication netsodbobtiaegem condtict sr edbvidieneast ¢l @haeduiriaclead m 9, wherein

the sil f | ud ty of diff t i 15 13.
The fabr i cat | on ABLRBA LG 3 KeaH ESRabEL 6F RAA e hemtF APTEta el ar m 1,

wherein the plprasinkywafndidf fp’-‘ﬂ‘@@édﬁf¥S%ah11fl&CLeStdde{héeoﬂedQ\ﬂ a&d sol ation
trench. 20 14. The fabrication method of a sem conductor device as clained
in claim5, whlefh eREOsiineh suFraggaifses pothRiKrE8A gasf dce. 15. The

fabrication mefhod,ghcaq2% 3eMLONEUEE BE nd@W 1GR aﬁlﬁhahgﬁ‘%orﬂleﬁ avh”%}?
wherein the silicon surface 1s an anorphous silicon surface.

fabricati on neth®dtbt cknesm (Sbfrld%mpmxélélﬂlt@éYaSZ ¢} armed | n cI a| m 5 vvherei n
30 each of the first and . e S t of gas
AS8cand; stded <g IL 9as8s d n%ﬁllhgg‘ts_ 'ﬁto% ch

selected froma group con5| S f "an argon gas ryp on (Kr) gas,
and a xendA (XeJGgaslC, thel slﬂlld'dm babdiecdtiilon mtflodmef:l & iggmaonduct or
device as clained.in cI wherein th first inert 9%\5 i |dent|cal

with the secont 57 hBr¢ %d%‘nél%s Thet 8Bri @éﬁl on 'Wet hdd & conduct or
devi ce as cl aigtedl lowCkaiendh WeEI£thohh@izeeand ¢4aesingasdelcs o dd Y@t on

(Kr) gas, the 10 ﬁgseous nol ecul es are oxy% npl ecul es, and a silicon
oxide filmis otheaa®*tKe 1t ol E6HPET g‘&)’é% 5351 C9he OFABIS cat i on

nmet hod of a 15 semi eordudet @y devé C§1§§m§| @lxmﬂlrb&haéﬁfhéd wRarg) ncide
second inert gas is an argon (Ar) a krypton (Kr) gas, or a m xed gas

of argon aAd KfypPbAasmehdagasetinl FBCQB@S (e 2ERORP aBERABE O ecul es or
nitrogen (N2) uplegutes;and Jydipgena k) +iR &G BSow trench

isolation part, and there is caused no increase of
leakage current even in the case where the amount of
the injected electric charges are 10°C/cm?. Thus,

20 the reliability of the device is improved
significantly.

In the case of forming the silicon oxide
film by the conventional thermal oxidation method,
as shown in FIG. 11B, the thinning of the film

25 becomes severe at the corner part of the shallow
trench isoclation with increasing taper angle of the
shallow trench isolation. However, in the case of
the plasma oxidation of the present invention, no
such thinning of the silicon oxide film is caused at

30 the corner part of the shallow trench isolation even
when the taper angle is increased. Thus, in this
embodiment, by making the taper angle for the trench

near the right angle in the shallow trench isolation



20 and a silicon nitride filmis fornmed as the silicon conpound |ayer. 20.
The fabrication nmethod of a sem conductor device as clainmed in claimb5,
wherein 25 the second inert gas is an argon (Ar) gas, a krypton (Kr) gas,
or a m xed gas of argon and krypton, the gaseous nol ecul es are oxygen (02)
nmol ecul es and ammoni a (NH3) nol ecul es, or ©Xmgen (02) nol ecul es, nitride
(N2) nol ecul es, and hydrogen (H2) nol ecules, 30 and a silicon oxynitride
filmis forned as the silicon conpound |ayer. 21. The fabrication nethod of
a r ' -62 seni E6RHGENGE devt ckS aBOEFAPHE th TFARAPSENGh& @M Thether st

pl asma and the sgcondcpliasim, &f &nexehied RhdM£IPVRYE. 1322t fabrication

nmet hod of a sem conductor nenory device that includes, on a common
substrate, a trahsksgeerthar nders polysil itden femhcdndmedoon dewide con

surface via a figsl ingulationfilmagd.a capagldor ingluding 2 second 10
insulation filmfornmed-on & ﬁ%%y5| i CON “surface,”conprising e §?eps of :
exposing thessil teontouw fdaoeld® bsbilastiopl asre ofnather sbnivieerdi @&sl SO as

to renmove hydrogen existing on at least a _part of the silicon surface 15 in
advance; and genEESFWﬁ £%i§§ﬁﬂoﬁl5?5&“89%9Wn3%%C@H§eoPQaEﬁ%ond i nert
gas and one or aiphikaldityh daké 8dspof t@aseaiish D g@cykesneanth 984 ng, on

the silicon surface, a silicon conpound | ayer containing 20 at |east a part
of el enents consP¥LAEi Ad et gasedus RPICECATF WS PRELT PEstS gl i BRGEi I m

under sai d_secong, gl s 3y dhec b abhiC Bhidb et hiadont: 8:25 gl coRduCt or
device as claimed in claim22, further conprising the steps of: exposing
the polysilildon strigcoossid i td peastircofargtiefl PRedeggeeso as to

renove hydrogen existing<m%§g Ifgsghgwga@héﬁ%ﬁggé§L%Egggd§ sggg@c ein

advance; and formng a fourt’h plasnma of "a m xed gas 0 ourt h Tnert gas
and one or a pluthki syldfcdd ndsidé fasaouds ot es, sand coor rauigs tvatéhe

-63 polysilicon surface, a silicon, conpou | ayer coptaining at | ease a
part of eIenentsgﬁgﬁggiF@Hqﬂé?ﬁ%gbﬁgggﬁ§%%ﬂ%xéﬁ%@ ggrwﬁg- econd
insulation fil msuafancsaindy fowohdpbaseaetzhdhg The tabriscaticynh method of a
sem conduct qQr_ device as clainmed in c|laim23, wherein the first and third

. | a
inert gaseslare RPPPEZSTONE Kihd? of NgSENESSeGed I MBNPECGrEHR Lo St fng

of Ar, 10 Kr, angdrXeedd%e B¥e {1@bricati-ormmRidiok0f . a sem conductor device
as claimed in claim23, wherein the second and fourth inert gases are Kr,

and the 15 first and secon®efREFhegoRof FIlfs drde fbEnBaNbPea cAnficoredxi de
film 26. The f: Ohagad QN R0, 0198 FETRCYUHIURL Of o BRVERE AR A f®d 1N

claim 23, wherei
formed on any of the surfaces.

20 The oxide film formed as described above
has good electric properties such as leakage current
or breakdown voltage. Thus, the present invention
can realize a high-density semiconductor integrated
device having a silicon three-dimensional structure

25 that includes plural surface orientations such as a

vertical structure.

(SIXTH EMBODIMENT)
Next, a description will be given of a
30 flash memory device according to a sixth embodiment
of the present invention that uses the formation
technology of oxide film and nitride film or that of

oxynitride film at low temperature by using plasma.



20.the second and fourth inert gases are Ar or Kr, and the first and second
insulation filnms are formed by a nitride filmor an oxynitride film 27.
The fabrication method of a 25 sem conductor device as clained in any of

cl ainms -2226, wherein the first and second plasmas are excited by m crowave.
28. A fabrication nethod of a 30 semi condut¢for device having a polysilicon
| ayer or anorphous silicon |ayer on a substrate as an active |ayer,
conprising the steps of; formng, on said substrate, a silicon i

_64
| ayer of said pdfysig cd®sFayRFion AfrPhoust| aPerlderifosthea EUIF‘Face of

said silicon | ayele tk@ PhASMBNON s fddSth§ NELL168S aSF @S| G RBPYE
hydrogen existing on at |least a part of said surface 5 of said silicon

| ayer; and genef&Viifif &8Pl aBNaXEfrd G X YEs L of CASsEERFRI hekRvgasigmd one
or a plurality of |p}§ils S Ei‘-%éi a MG N n i d.surface
of said siliconqﬁa§ , %é%???c%gggoﬁg%un ?%ﬁérgggﬁgﬁg%h fﬁg %§g|g§§%'a
part of elen®ents constitut¥hg.saidd sgaseoushensebrhesi2Erdhe-fabrication
met hod of a sem _conduct og devi ce _as cg ai red in clai,m 28 vvhereia,lS tthe
first inert gasSics@t°h%hsY 6He ki Rd a%gsm%%éft 88 A @ bipng to
consi sting of Axhil ,erdpdld X@en8Q. The fabrication nethod of a sem conductor

device as clained in claim28, wherein 20 the second inert gas is Kr, and
the silicon conpound | ayerRe§eardig &h % del Fi | MPe3flamie FaBPF¥ati on

nmet hod of a semgeenductos deMbeeuated alded &1 ekanms2dswherei 1232 the
second inert gas is Ar or Kr, and the silicon conpound |ayer is a nitride

filmor an bkynPhd dadivdes3a. trRESlERT cat10n fetHod 2H< af omed on
sem conduct or deyiCe as; LAl URASYHAIMEB, wheigkh A Jd 151 .8Rdg3ec0nd

pl asmas are excited by m crowave.
AL A AA A A@ . ALAICE IASIA. INYY3AfAGHeth YR @, AupnAlAncAmALdé fAlm

CAAALA A AL AAUA3 A AL AE. AL AR AR ACAAAN{ALA A .
h. AU. A, . AN. A&(, 128 r A .%Yg%‘.’i\?lRQA@a/EeA;elec‘er"de' @ 'silicon oxide
$. As. A" . Asu. A A¥iAm AT WAB3RSde3IWKcon nitride film 1205 formed

%/1\I~yt oje’ | a]j cag’%% caJcalcalcalca]calcalc cgl}galg%%]ec@lcgggﬂgg] ci%]o%a] caj
c™a] ca] ca] cal ch§PEPL TGt e }XaPBPEE?‘(% a1 teh '
and a second polysilicon gate electrode 1206 formed
on the silicon nitride film 1205 as a control gate
electrode. In FIG. 13, illustration of the source
region, drain region, contact hole, wiring patterns,
20 and the like, is omitted. It should be noted that
the silicon oxide film 1202 is formed by the silicon
oxide film formation method explained in the first
embodiment, and the laminated structure of the
silicon oxide film 1204 and the nitride f£ilm 1205 1is
25 formed by the formation method of silicon nitride
film explained in the third embodiment.

FIGS. 14 - 17 are schematic cross-
sectional views for explaining the fabrication
method of the flash memory device of this embodiment

30 step by step.

Referring to FIG. 14, a silicon substrate

1301 includes a flash memory cell region A, a high-

voltage transistor region B, and a low-voltage
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'109% & () -10% & () - %EMe! 10 "10% & ()-g 104 & ()-MO% & ()- @10% & () -
SI0% & ()-y@10% & ()-*

z[<M 610% & ()-/!'10%& ()-@/!'10% /& ()-@o0,, !'10%x& ()-f

F+10% & ()-!'x, 3% !10%/s/ & ()-f 01237bCl  10%& ()-1 10%=X ()-g 109 () -
10/ 10/ 10/ 910% & ()- 710% & ()-) N}"?bClHaX= 10%& () -1 MLOY%& () -
SMIO%E' ()-s@ 10%& ()- !'s@10%& ()- !'s@10% ()- }[<bCF(@

109%%' ()-f!F(@ 109 ()-f!e3% 10%7& ()-S

#109%6& () -!'x 110%& () - @ KR ) ; k@aBECowhi@ having the frequency

of 2.45 GHz is supplied from the coaxial waveguide
105 to the radial line slot antenna 106 for 1 minute,
wherein the microwave is introduced into the
5 processing chamber 101 from the radial line slot

antenna 106 through the dielectric plate 107. By
exposing the surface of the silicon substrate 1301
to the high-density Kr plasma thus formed in the
processing chamber 101, the terminating hydrogen are

10 removed from the silicon surface of the substrate
1301.

Then, the Kr gas and the 0O, gas are
introduced from the shower plate 102, and the
silicon oxide film 1304 used for the tunneling

15 insulation film is formed on the region A with a
thickness of 3.5 nm. Subsequently, a first
polysilicon layer 1305 is deposited so as te cover
the silicon oxide film 1304.

Next, the first polysilicon layer 1305 is

20 removed from the high voltage and low voltage
transistor formation regions B and C, respectively,
by a patterning process, such that the first
polysilicon pattern 1305 is left only on the
tunneling oxide film 1304 in the memory cell region

25 A.

After this etching, cleaning is conducted
and the surface of the polysilicon pattern 1305 is
terminated with hydrogen.

Next, in the step of FIG. 16, as in the

30 third embodiment described above, an insulation film
1306 having an ON structure of a lower oxide film
13062 and an upper nitride film 1306B is formed so

as to[cover the surface of the polysilicon pattern
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In addition, the pressure inside the processing
chamber is set to about 133 Pa (1 Torr). Next, the
silicon substrate 1301 carrying the polysilicon
pattern 1305 in the state that the hydrogen
10 termination is made is introduced into the
processing chamber 101 and is placed on the stage
104 having the heating mechanism. Further, the
temperature of the specimen is set to 400 C.
Next, a microwave having the frequency of
15 2.45 GHz is supplied to the radial line slot antenna
106 from the coaxial waveguide 105 for about 1
minute, wherein the microwave is introduced into the
processing chamber 101 from the radial line slot
antenna 106 through the dielectric plate 107, and
20 there is generated a high-density Kr plasma. As a
result, the surface of the polysilicon pattern 1305
is exposed to the Kr gas and the surface terminating
hydrogen is removed.
Next, a Kr/0, mixed gas 1s introduced into
25 the processing chamber 101 from the shower plate 102
while maintaining the pressure inside the processing
chamber 101 to about 133 Pa (1 Torr), and a silicon
oxide film is formed on the polysilicon surface with
a thickness of 3 nm.
30 Next, after the supply of the microwave 1is
shutdown temporarily, the introduction of the Kr gas
and the 0O, gas is interrupted. The interior of the

vacuum vessel (processing chamber) 101 is evacuated,
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mTorr) and the microwave of 2.45GHz is supplied

5 again into the processing chamber 101 via the radial

line slot antenna 106. Thereby, high-density plasma
is generated in the processing chamber and a silicon
nitride film is formed on the silicon oxide film
surface with the thickness of 6 nm.

10 When an ON film with a thickness of 9 nm
was formed as described above, the film thickness of
the ON film thus obtained was uniform, and no
dependence on the polysilicon surface orientation
was observed. Thus, 1t was realized that the

15 extremely uniform film could be obtained.

After such a process of formation of the
ON film, the insulation film 1306 is removed from
the high-voltage and low-voltage transistor regions
B and C, respectively, by patterning in the step of

20 FIG. 17, and then, ilon implantation for threshold
voltagé control is conducted on the high-voltage and
low-voltage transistor regions B and C, respectively.
Further, the oxide film 1303 formed on the regions B
and C is removed, and a gate oxide film 1307 is

25 formed on the region B with a thickness of 5 nm.
Thereafter, a gate oxide film 1308 is formed on the
region C with a thickness of 3 nm.

Then, a second polysilicon layer 1309 and
a silicide layer 1310 are formed consecutively on

30 the entire structure including the field oxide film
1302. [In addition, gate electrodes 1311B and 1311C
are formed in the high-voltage transistor region B

and the low-voltage transistor region C,



1090RR& ¢)-F "10%ZE& ()-fY 10%&Z& ()-10%Z& ()- 10 10223f 333j 4a?HC 10!

s10%ZZ& ()-fF 10%Z& ()-gY y: 10%Z& ()-!'f 109%ZZ& ()-S3910%Z& ()-F

SmMLO% &' () -] 444R5| 55" 6a?HC 10! +S 10%&ZZ& ()-SF | (10%Z& () - gF&MLO%Z& () -! F"

10%ZZ& ()-F 10%Z& ()-Y 3GLO%Z& ()-"667; 777777zodY: 1YY 10% ()- 10Z 10z

10Z3 7&10%Z& ()-T!'&3 10%& ()-! &3 109%ZZ& (463 . 10%Z& () - 778%BF888a?dY:

1110% ()-!'109% ()-, 109 ()-910%& ()- MLO%&' ()-f9-10%& ()-88.9c9999dEdY:

11,109 ()-109%& ()-109& ()-yl0%& ()-310%& ()-S10%& ()-9:7:::::aBdY:

1! &109%& () - Y% PR ¢St #100d (Y Prv@e ¥)1i8g3she0msse (d -p3sy $0%igom - : q;

, <4<_<<zX6dY!  1.yer 1309 and the silicide layer 1310. Further, a

gate electrode 1311A is formed in correspondence to

the memory cell region A.

5 After the step of FIG. 17, source and
drain regions are formed according to a standard
semiconductor process, and the device is completed
by conducting formation of interlayer insulation
films and contact holes and formation of wiring

10 pattermns,

In the present invention, it should be
noted that the insulation films 1306A and 1306B
maintain good electric properties even when the
thickness thereof is reduced to about one half the

15 conventional thickness of the oxide film or nitride
film. In other words, these silicon oxide film
1306A and silicon nitride film 1306B maintain good
electric properties even when the thickness thereof
is reduced, are dense, and have high quality.

20 Further, it should be noted that, because the
silicon oxide film 1306A and the silicon nitride
film 1306B are formed at low temperature, there
occurs no thermal budget or the like at the
interface between the gate polysilicon and the oxide

25 film, and good interface 1s obtained.

The flash memory device of the present
invention can perform writing and erasing operations
of information at low voltage and suppress the
generation of substrate current. Thereby,

30 deterioration of the tunneling insulation film is
suppressed. Hence, a non-volatile semiconductor

memory in which the flash memory devices of the

present invention are arranged in a two-dimensional
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In the flash memory device of the present

invention, the leakage current is small due to the

5 excellent film quality of the insulation films 1306A
and 1306B. Also, it is possible to reduce the film
thickness without increasing the leakage current.
Thus, 1t becomes possible to perform the writing or
erasing operation at an operational voltage of about

10 5V. As a result, the memory retention time of the
flash memory device is increased by the order of 2
or more as compared with the conventional one, and
the number of times of possible rewriting operation
is increased by the order of 2 or more.

15 It should be noted that the film structure
of the insulation film 1306 is not limited to the ON
structure explained above, but it is also possible
to use an O structure formed of an oxide film
similar to that of the first embodiment, an N

20 structure formed of a nitride film similar to that
of the second embodiment, or an oxynitride film
similar to the one in the fourth embodiment.
Further, the insulation film 1306 may have an NO
structure formed of a nitride film and an oxide film,

25 an ONO structure in which an oxide film, a nitride
film, and an oxide film are laminated consecutively,
or an NONO structure in which a nitride film, an
oxide film, a nitride film, and an oxide film are
laminated consecutively. Choice of any of the

30 foregoing structures can be made according to the
purpose from the viewpoint of compatibility with the
gate insulation film in the high voltage transistor

or low voltage transistor in the peripheral circuit
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Xér/o2 microwave-excited high-density plasma or the
formation of the gate nitride film by using the Ar
(or Kr)/NH, (or N,/H,) microwave-excited high-density
plasma by using the apparatus of FIG. 1 is

10 applicable to the formation of a semiconductor
integrated circuit device on a silicon-on-insulator
(metal-substrate SOI) wafer including a metal layer
in the underlying silicon in which metal-substrate
SOI conventional high temperature process is not

15 possible. Particularly, the effect of removal of
the terminating hydrogen appears conspicuously in
the SOI structure having a small silicon film
thickness and performing completely depleted
operation.

20 FIG. 18 shows a cross-—-sectional view of a
MOS transistor having a metal-substrate SOOI
structure.

Referring to FIG. 18, 1701 is a low-
resistance semiconductor layer of n'-type or p'-type,

25 1702 is a silicide layer of such as NiSi, 1703 is a
conductive nitride layer such as TaN or TiN, 1704 1is
a metal layer of such as Cu, 1705 is a conductive
nitride layer of such as TaN or TiN, 1706 is a low-
resistance semiconductor layer of n’'-type or p’'-type,

30 1707 is a nitride insulation film such as AlN, Si,N,,
and the like, 1708 is an Si0O, film, 1709 is an SiQ,
layer or a BPSG layer or an insulation layer

combining these, 1710 is a drain region of n'-type,
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1714 and 1715 are silicon semiconductor layers
oriented in the <111> direction, 1716 1is an SiOQ,
film formed by the Kr/0, microwave-excited high-
density plasma after removing the surface-
terminating hydrogenr by Kr plasma irradiation
according to the procedure of the first embodiment
of the present inventicn, 1717 and 1718 are
respectively the gate electrodes of an n-MOS
transistor and a p-MOS transistor and formed of Ta,
Ti, TaN/Ta, TiN/Ti, and the like, 1719 is a source
electrode of the n-MOS transistor, and 1720 is a
drain electrode of the n-MOS transistor and a p-MOS
transistor. Further, 1721 is a source electrode of
a p-MOS transistor and 1722 is a substrate surface
electrode.

In such a substrate including a Cu layer
and protected by TaN or TiN, the temperature of
thermal processing has to be about 700 C or less
for suppressing diffusion of Cu. The source or
drain region of n'-type or p'~type is formed by
conducting the thermal processing at 550 °C after
ion implantation of As®, AsF,”, or BF,”

In the semiconductor device having the

device structure of FIG. 18, it should be noted that

the comparison of the transistor sub-threshold
characteristics between the case where a thermal

oxide film is used for the gate insulation film and

the case where the gate insulation film is formed by

the Kr/0, microwave-excited high-density plasma
processing after removing the surface-terminating

hydrogen by the Kr plasma irradiation, has revealed
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sub-threshold characteristics when the gate
insulation film is formed by the thermal oxidation,
while in the case where the gate insulation film 1is

5 formed by the present invention, excellent sub-
threshold characteristics are obtained.

When a mesa-type device isoclation
structure is used, it should be noted that there
appears a silicon surface having a surface

10 orientation different from that of the silicon flat
surface part, at the sidewall part of the mesa
device isolation structure. By forming the gate
insulation film by the plasma oxidation using Kr,
the oxidation of the mesa device isolation sidewall

15 is achieved generally uniformly similarly to the
flat surface part, and excellent electric properties
and high reliability are obtained.

Further, it 1s possible to produce a
metal—-substrate SOI integrated circuit device having

20 excellent electric properties and high reliability
also in the case of using a silicon nitride film
formed by Ar/NH, according to the procedure of the
second embodiment for the gate insulation film.

In this embodiment, too, it is possible to

25 obtain good electric properties even in the case
where the thickness of the silicon nitride film is
set to 3 nm (equivalent to the oxide film thickness
of 1.5 nm), and the transistor drivability is
improved by about twice as compared with the case

30 where a silicon oxide film of 3 nm thickness is used.
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according to an eighth embodiment of the present
5 invention intended to conduct oxidation processing,
nitridation processing, or oxynitridation processing
on a polysilicon or amorphous silicon layer formed
on a large rectangular substrate such as a glass
substrate or a plastic substrate on which liguid
10 crystal display devices or organic electro-
luminescence devices are formed.
Referring to FIG. 19, a vacuum vessel
(processing chamber) 1807 is evacuated to a low
pressure state and a Kr/0, mixed gas 1is introduced
15 from a shower plate 1801 provided in the processing
chamber 1807. Further, the processing chamber 1807
is evacuated by a lead screw pump 1802 such that the
pressure inside the processing chamber 1807 is set
to 133 Pa (1 Torr). Further, a glass substrate 1803
20 is placed on a stage 1804 having a heating mechanism,
and the temperature of the glass substrate is set to
300 C.
The processing chamber 1807 is provided
with a large number of rectangular waveguides 1805
25 and a microwave 1s introduced into the processing
chamber 1807 from respective slits of the large
number of rectangular waveguides 1805 described
above via a dielectric plate 1806, and high-density
plasma is generated in the processing chamber 1807.
30 On this occasion, the shower plate 1801 provided in
the processing chamber 1807 functions also as a
waveguide for propagating the microwave emitted by

the waveguide in the right and left directions in
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polysilicon thin film transistor (TFT), used for

driving a liquilid crystal display device or an
5 organic EL photoemission device or for use in a
processing circuit, is formed by forming the gate
oxide film or gate nitride film of the present
invention by using the apparatus of FIG. 19.
First, the example of forming and using a
10 silicon oxide film will be explained.

Referring to FIG. 20, 1901 is a glass
substrate, 1902 is a Si;N, film, 1903 is a channel
layer of a polysilicon n-MOS having a predominantly
(111) -oriented surface, 1905 and 1906 are

15 respectively a source region and a drain region of
the polysilicon n-MOS, 1904 is a channel layer of a
polysilicon p-MOS predominantly oriented in the
(111) surface, and 1907 and 1908 are respectively a
source region and a drain region of the polysilicon

20 p—MOS. Further, 1910 is a gate electrode of the
polysilicon n-MOS, and 1911 is a gate electrode of
the polysilicon p-M0OS, 1912 is an insulation film of
such as S$i0O,, BSG, or BPSG, 1913 and 1914 are
respectively the source electrode of the polysilicon

25 n-MOS (and simultaneously the drain electrode of the
polysilicon p-MOS), and 1915 is the source electrode
of the polysilicon p-MOS.

It should be noted that a polysilicon film
formed on an insulation film becomes stable, and is

30 dense and well crystallized and thus provides high
quality, when having the (111) surface orientation
in the direction perpendicular to the insulation

film. In this embodiment, 1909 is a silicon oxide
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corner part of the device isolation region formed

10 between the transistors, and it was confirmed that
the silicon oxide film is formed with uniform film
thickness on the polysilicon in any of the flat part
and edge part. The ion implantation process for
forming the source and drain regions was conducted

15 without passing through the gate oxide film, and the
electrical activation was made at 400 C. As a
result, the entire process can be conducted at a
temperature of 400 C or less, and it was possible
to form a transistor on a glass substrate. The

20 transistor had the mobility of approximately 300
cm’/Vsec or more for electrons and approximately 150
cm?/Vsec or more for holes. Further, a voltage of
12V or more was obtained for the source and drain
breakdown voltages and for the gate breakdown

25 voltage. A high-speed operation exceeding 100 MHz
became possible in the transistor having the channel
length of about 1.5 - 2.0 nm. The leakage
characteristics of the silicon oxide film and the
interface state characteristics of the

30 polysilicon/oxide film were good.

By using the transistor of this embodiment,

the liquid crystal display devices or organic EL

photoemission devices can provide large display area,
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or gate nltrlde film of an amorphous silicon thin-
film transistor (TFT), and particularly, a
staggered-type thin—-film transistor (TFT), which 1is
used in a ligquid crystal display device and the like.

10
(NINTH EMBODIMENT)

Next, a description will be given of an
empbodiment of a three-dimensional stacked LSI in
which an SOI device having a metal layer, a

15 polysilicon device, and an amorphous silicon device
are stacked.

FIG. 21 is a conceptual diagram of the
cross—section structure of the three-dimensional LSI
of the present invention.

20 Referring to FIG. 21, 2001 is a first SOI
and wiring layer, 2002 is a second SOI and wiring
layer, 2003 is a first polysilicon device and wiring
layer, 2004 is a second polysilicon device and
wiring layer, and 2005 is an amorphous semiconductor

25 device, a functional-material device, and a wiring
layer.

In the first SOI and wiring layer 2001 and
also in the second SOI and wiring layer 2002, there
are formed digital processing parts, high-precision

30 and high-speed analog parts, synchronous DRAM parts,
power supply parts, interface circuit parts, and the
like, by using the S0I transistors explained in the

seventh embodiment.
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operation parts, inter-functional block repeater
parts, memory device parts, and the like, by using

5 the polysilicon transistors or flash memories
explained in the sixth and eighth embodiments.

In the second polysilicon device and
wiring layer 2004, there are formed parallel analog
operation parts such as an amplifier, A/D converter,

10 and the like, by using the polysilicon transistor
explained in the eighth embodiment. Optical sensors,
sound sensors, touch sensors, radio wave transceiver
parts, and the like, are formed in the amorphous
semiconductor device and functional-material device

15 and wiring layer 2005.

The signals of the optical sensors, sound
sensors, touch sensors, and radio wave transceiver
parts that are provided in the amorphous
semiconductor device and functional-material device

20 and wiring layer 2005 are processed by the parallel
analog operation part such as an amplifier or A/D
converter provided in the second polysilicon device
and wiring layer 2004 and using the polysilicon
transistor, and are forwarded further to the

25 parallel digital operation parts and the memory
device parts provided in the first polysilicon
device and wiring layer 2003 or the second
polysilicon device and wiring layer 2004 and using
the polysilicon transistors and flash memory devices.

30 Further, the signals are processed by the digital
processing parts, high-precision and high-speed
analog parts, or the synchronous DRAM parts provided

in the first S0OI and wiring layer 2001 or second SOI
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repeater part provided in the first polysilicon
device and wiring layer 2003 does not occupy a large
5 chip area even when provided with plural numbers,
and it 1is possible to adjust synchronization of
signals all over the LSI.
It should be noted that production of such
a three-dimensional LSI has become possible as a
10 result of the technology of the present invention
explained in detail in the above-described
embodiments.
In the above, the description are given of
the present invention with respect to the preferred
15 embodiments. However, the present invention is not
limited to such specific embodiments, and variations
and modifications may be made without departing from

the scope of the present invention.
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INDUSTRIAL APPLICABILITY

According to the present invention, it
becomes possible to completely remove surface-
terminating hydrogen even at low temperature of

5 about 400 °C or less in continuous processing

without breaking vacuum and without degrading the
planarity of a silicon surface. Hence, it is
possible to form a silicon oxide film, silicon
nitride film, and silicon oxynitride film, having

10 characteristics and reliability superior to those of
a silicon oxide film formed by a conventional
thermal oxidation process or microwave plasma
processing, on a silicon of any surface orientation
at low temperature of about 500 °C or less.

15 Conseqguently, 1t becomes possible to realize a
miniaturized transistor integrated circuit having
high reliability and high performance.

Also, according to the present invention,
it becomes possible to form a thin and high-quality

20 silicon oxide film, silicon nitride film, and
silicon oxynitride film having good characteristics
such as leakage current and breakdown voltage even
on a silicon surface of a corner part of a device
isolation sidewall of, for example, a shallow-trench

25 isolation or on a silicon surface having a surface
form with projections and depressions. Consequently,
it becomes possible to achieve high-density device
integration with a narrowed device isolation width
and high—-density device integration having a three-

30 dimensional structure.

In addition, by using the gate insulation
film of the present invention, it was possible to

realize a flash memory device and the like capable
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Further, according to the present

invention, it becomes possible to form a high-

5 quality silicon gate oxide film and silicon gate
nitride film even on a polysilicon formed on an
insulation film and having a predominantly (111)-
oriented surface. As a result, it becomes possible
to realize a display apparatus that uses a

10 polysilicon transistor having high driving ability,
and further, a three—-dimensional integrated circuit
device in which a plurality of transistors and
functional devices are stacked, which provides great

technology spillover effects.
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A semiconductor device comprising a
silicon compound layer formed on a silicon surface,
wherein said silicon compound layer
contains at least a predetermined inert gas and has
a hydrogen content of 10" /cm®? or less in terms of

surface density.

2. The semiconductor device as claimed in
claim 1, wherein the inert gas is at least one kind

of argon (Ar), krypton (Kr), and xenon (Xe).

3. A semiconductor memory device
comprising, on a common substrate, a transistor
including a polysilicon film formed on a silicon
surface via a first silicon compound layer, and a
capacitor including a second silicon compound layer
formed on a polysilicon surface,

wherein each of said first and second
silicon compound layers contains at least a
predetermined inert gas and has a hydrogen content

of 10" /cm® or less in terms of surface density.

4. A semiconductor device having a
polysilicon layer or amorphous silicon layer formed
on a substrate as an active layer,

wherein a silicon compound layer
containing at least a predetermined inert gas and
having a hydrogen content of 10''/cm® or less in
terms of surface density 1s formed on a surface of

said silicon layer, and

said semiconductor device drives a display

10
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5 of:
exposing said silicon surface to a first
plasma of a first inert gas so as to remove hydrogen
existing on at least a part of said silicon surface
in advance; and
10 generating a second plasma of a mixed gas
of a second inert gas and one or a plurality of
kinds of gaseous molecules, and forming, on said
silicon surface, a silicon compound layer containing
at least a part of elements constituting the gaseous

15 molecules under said second plasma.

6. The fabrication method of a
semiconductor device as claimed in claim 5, wherein,
prior to the hydrogen removing step, the silicon

20 surface is treated by a medium including hydrogen.

7. The fabrication method of a
semiconductor device as claimed in claim 6, wherein

the medium is a hydrogenated water.

25
8. The fabrication method of a
semiconductor device as claimed in claim 6, wherein
the medium is a diluted hydrofluoric acid.
30 9. The fabrication method of a

semiconductor device as claimed in claim 5, wherein
the silicon surface is a single-crystal silicon

surface.
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the silicon surface is a (111l)-oriented surface.

10 12. The fabrication method of a
semiconductor device as claimed in claim 9, wherein
the silicon surface includes a plurality of

different crystal faces.

15 13. The fabrication method of a
semiconductor device as claimed in claim 12, wherein
the plurality of different crystal faces define a

device isolation trench.

20 14. The fabrication method of a
semiconductor device as claimed in c¢laim 5, wherein

the silicon surface is a polysilicon surface.

15. The fabrication method of a
25 semiconductor device as claimed in claim 5, wherein

the silicon surface is an amorphous silicon surface.

16. The fabrication method of a
semiconductor device as claimed in claim 5, wherein
30 each of the first and second inert gases is at least
one kind of gas selected from a group consisting of
an argon (Ar) gas, a krypton (Kr) gas, and a xenon

(Xe) gas.
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11100 : 113
10eel 1 10%e& (%hz 15@? gas is identical with the second

5 inert gas.

18. The fabrication method of a
semiconductor device as claimed in claim 5, wherein
the second inert gas is a krypton (Kr) gas, the

10 gaseous molecules are oxygen (C,) molecules, and a
silicon oxide film is formed as the silicon compound

layer.

19. The fabrication method of a
15 semiconductor device as claimed in claim 5, wherein
the second inert gas is an argon (Ar) gas, a krypton
(Kr) gas, or a mixed gas of argon and krypton, the
gaseous molecules are ammcnia (NH,) molecules or
nitrogen (N,) molecules and hydrogen (H,) molecules,
20 and a silicon nitride film is formed as the silicon

compound layer.

20. The fabrication method of a

semiconductor device as claimed in claim 5, wherein
25 the second inert gas is an argon (Ar) gas, a krypton

(Kr) gas, or a mixed gas of argon and krypton, the

gaseous molecules are oxydgen (02) molecules and

ammonia (NH3) molecules, or oxygen (02) molecules,

nitride (N2) molecules, and hydrogen (H2) molecules,
30 and a silicon oxynitride film is formed as the

silicon compound layer.

21. The fabrication method of a
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film formed on a silicon surface via a first
insulation film and a capacitor including a second
10 insulation film formed on a polysilicon surface,
comprising the steps of:
exposing the silicon surface to a first
plasma of a first inert gas so as to remove hydrogen
existing on at least a part of the silicon surface
15 in advance; and
generating a second plasma of a mixed gas
of a second inert gas and one or a plurality of
kinds of gaseous molecules, and forming, on the
silicon surface, a silicon compound layer containing
20 at least a part of elements constituting the gaseous
molecules as the first insulation film under said

second plasma.

23. The fabrication method of a
25 semiconductor device as claimed in claim 22, further
comprising the steps of:
exposing the polysilicon surface to a
third plasma of a third inert gas so as to remove
hydrogen existing on at least a part of the silicon
30 surface in advance; and
forming a fourth plasma of a mixed gas of
a fourth inert gas and one or a plurality of kinds

of gaseous molecules, and forming, on the
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25. The fabrication method of a

semiconductor device as claimed in claim 23, wherein
the second and fourth inert gases are Kr, and the
15 first and second insulation films are formed by a

silicon oxide film.

26. The fabrication method of a
semiconductor device as claimed in claim 23, wherein
20 the second and fourth inert gases are Ar or Kr, and
the first and second insulation films are formed by

a nitride film or an oxynitride film.

27. The fabrication method of a
25 semiconductor device as claimed in any of claims 22—
26, wherein the first and second plasmas are excited

by microwave.

28. A fabrication method of a
30 semiconductor device having a polysilicon layer or
amorphous silicon layer on a substrate as an active
layer, comprising the steps of:

forming, on said substrate, a silicon
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layer of said polysilicon layer or amorphous layer;

exposing a surface of said silicon layer
to a plasma of a first inert gas so as to remove
hydrogen existing on at least a part of said surface
of said silicon layer,; and

generating a plasma of a mixed gas of a
second inert gas and cne or a plurality of kinds of
gaseous molecules, and forming, on salid surface of
said silicon layer, a silicon compound layer
including at least a part of elements constituting

said gaseous molecules.

29. The fabrication method of a
semiconductor device as claimed in claim 28, wherein
the first inert gas is at least one kind of gas

selected form a group consisting of Ar, Kr, and Xe.

30. The fabrication method of a
semiconductor device as claimed in claim 28, wherein
the second inert gas is Kr, and the silicon compound

layer is a silicon oxide film.

31. The fabrication method of a
semiconductor device as claimed in claim 28, wherein
the second inert gas is Ar or Kr, and the silicon
compound layer is a nitride film or an oxynitride

film.

32. The fabrication method of a
semiconductor device as claimed in claim 28, wherein
the first and second plasmas are excited by

microwave.



