;e3erLv&6Trni SEM CONDUCTOR DEVI CE FABRI CATED ON SURFACE OF Sl LI CON HAVI NG
<110> DI RECTI ON OF CRYSTAL PLANE AND | TS PRODUCTI ON MET mmt

FI ELD ' The present invention generally relates to sem con mwmmmmm s and
nore particularly to a 1C sem conductor device fornmed on a S|‘L§99
substrate having a <l 10> surface orientation or a surface orientation near
this surface orientation. BACKGROUND ART 15 Conventi onal

effect transistors of h9lS (nmetal /nsul at~~r/s~ |1 con) typgmwmmmmm&mmmm
formed en a silicon substrate having a <100> surface orlel ?t ~ygla:l This
was beCalLl Se r:lgtl ei~_'"-CtrlC pertrrnarice and | nc~h rel ~ablity, such as
ex~celler;t 2~~" ~rISLIldtUt ~S11LC~' ~I1 IniPrt=iC" Ctlir?Cf~eY=_~tlCS,
excel | ent br eakgoneoNbocTer DEVIGHEFASRICATERXONSURFACH @B KRYEONS HAVASGer | sti cs
of oxide film caubdpiRECTRIN OF €RYSTAY, PLANERNETHSPRODUMION METRIORRd Si | i con
is used in a thermal oxidation process (conducted z5 general | y at 800JC
or nore) , which has been used convenr ionally for f . ~rming a gate
insulation Filmof field effect tra:isistors -lerein, the surface
orientation is defined such that a <Il O&G direction enco~nl ~as~es all tie

di rections crystal FogidptrcaFIyilBU eC~LIl Vc~l1 ert to a [ 1001
r3lre~ctlor=, such as | 100]TQLrecgvé~n,.‘QQO].direcgjo ,y[OC&L ,
ctire~—tion, and tile like ~ I rRESSNL ay’j“tﬁf@Mﬁnyr%gh I"§v&¢°istPsed I n
“.he pre: ent |r~~seeftbrauasoengoalcés assimgraljacshencnystab o r, t - 2
surfaces crystallographically equivalent to a (100) surface, such as (100)
surf ace, (010)léurgﬁ@é?oaﬂﬂcgoéoqeyl%%w?%ﬁ%ﬁq‘%bﬁhéﬁﬂﬁdﬁé!ﬁ%?sﬁfaﬁas been
known that the 5 mabibhtya andohencereas rentedrdvahi ld:t b Of-racti el d effect
transi stor changes depending on the surface orientation of silicon. On the
other hand, no rel Pabfetakperi nedt athkhowt ethyee ast 49eert ioht-ai ned so far
with regard to the surface orientation that 1o provides maxi num nobility by
way of attenpt of choosing a surface orientation of higher nobility by
form ng a gate oxi B&CKGERAVEA 8RTicon oriented in a surface orientation
other than the <100> surface, because of large jnterface state density
formed at 15 the oxide/silic6R |nterface ‘s conpared with THE ‘§a8s°of
silicon oxide fil miiernmedton/theusitécOmlicon) type have been formed

t he

cn a silicon substrate having a <100> surface
orientation This was because high electraic
performance and h-gh roliability, such as excellent

20 insulator/si1licon intertace characteristic

9]

+

excellent breakdewn charactera s, or excellent

4]

Tl

9!

leakage characteristics of oxide film, could be
achieved only in the case a <100>-oriented silicon 1s
used 1n a thermal oxidation process (conducted

generally at 800°C or more) , which has been used

N
(ol

conventionally for forming a gate insulation film of
field effect transistors Herein, the surface
orientation 1s defined such that a <100> direction

encompasses all the directicns crystallographzcally

30 equivalent to a [100) directionr, such as [100]
directzon, [010] direction, [001] direction, and the
like Simiiarly, a ~100- surface 1s used in vhe

prezent invention as encompassing all the crystal



surface oriented in the <100> orientation, and in view of poor breakdown
characteristics and poor |eakage characteristics of such a gate oxide film
20 Meanwhile, it has been discovered, in Ja%aﬁese Lai d- Open Pat ent
Publ i cati on 2001- 16055, that it is possible to forma high-quality silicon
oxide film silicon oxynitride filmor a silicon nitride film on a silicon
surface of any surface 25 orientation, including the silicon surface having
a <111> surface oghePi8bsOBryatald¥gtepREEAL UyeeqUithaasnd080Caby106) NY

m crowave- exci ted plasnma. However, this prior art is entirely silent about
dependency of nobfPFf§ces aufhepd &1PRLtSHFARSPst 6PL1Bh EHELEFPRI cBR30
surface orientati@@01ﬁhg§rfggg(e has been no know edge so far of formng a
field effect transistor structure of high nmobility by choosing surface
orientation of silicon surfé@ceventiengllPp, SCt OSURELEEN ThEoWNVENT L Ohe

Accordingly, it is a,geperal_qbject of the present.invention to_provide a
novel and useful BeRt SERIucEBT HE0FEeCURHCPRLRF EAEPOR: Y ocBhsat FOPORT &
wherein the foregeEngcprobhesbs8se €hhnyeat @dperdohhesnanHenpuerspecific
obj ect of the.present invention is to provide a sem conductor device forned

on a silicon surf@EeeBFakian>08uFthe€obri Rt BEFOATRAT PaBRi cBPi on process
thereof. 1o Anotheg, obj,ecteQ e£fﬁ?9£§%eﬂﬁoh?¥§8é' Qs}?eéﬂ BHRYE HEgas,

sem conductor device In which a plurality o ield effect transistors are
formed on a silicbarswithceetaviingosthst antfafeyonientdsioni ehaati on,

characterizedMJn %@ﬁg.ﬁge ﬁéeiguﬁf$8851%§ tgan§£§t8%sa%£gm$£sggsed on the
silicon surface stich that 2 aiTection con%echng a solurce regron and a
drain regi on of sahdofirtdactfiechcéransestatibs 661 htgdentmbbiaity by

substantially <110> direction, Another _object of_the present inyention is

20 to provide a faBFPEREi dnIAEEhBHLAE S1iBnPRoAYLLEBE QEVFRESHNLIudi ng

therein a pluralifyrphchi tdepthiecbnt 6BRSLSERER BRea<BDbLCOArgHEEACE having
substantially a <110> orientation in such a manner that the direction

connecting a sourkecaegeonfahdrgedinrarfaceegtrancofienpdtyi épumedf att

transistor is, coipgcid t ' <110>_di [ o a i zed
in that a gaﬁg ingﬁ%aﬁg%ﬁé?f?%$§$ﬁtﬁg£%?£%%ee%%e%?ﬂ#ég%§ig 8? ?géfgégéd by
using a m xed gasopl tsevsbviieonavridgasfahd fogasdt bat ther aslanonnsul ati on

film the 30 m xed s plasma peing forne nm crowave. excitation.

Accor ding Lo the PPEERRE PRYGREFSNER| FrBectils RELSIEFELER. POt B8 a fi el d
ef fect transistorvoéwhbghpo®bi biréykdbynf enaragrarMbitsansispobrsuch v

- 4 that the MS transistor uses a gate insulation filmof a silicon oxide
film silicon oxyhftkede eherpekenistiFeoffnfrrhde FAFf CXofRedioN: a

silicon substyate or a siligognsNi{ace; paNhooreuRshantbablyqa 410> 5
surface orientation, in such a manner that the
Japanese Laid-Open Patent Publication 2001-16055,
that it is possible to form a high-quality silicon
oxide film, silicon oxynitride film or a silicon
nitride film, on a silicon surface of any surface
25 orientation, including the silicon surface having a
<111> surface orientation, at low temperature such as
400°C by using microwave—excited plasma. However,
this prior art is entirely silent about dependency of
mobility of a field effect transistor on the silicon
30 surface orientation. Thus, there has been no
knowledge so far of forming a field effect transistor

structure of high mobility by choosing surface

orientation of silicon surface.



directjon connecting the source region and the drain region becones
substantially coincident to the <110> surfage direction. Further, according
to the present invention, 1o it becones possible to increase the current
drivability of a transistor up to five tinmes the current drivability of a
conventional transistor that uses a silicon gate oxide film wthout
mniaturizing the device, by formng the MS transistor having 15
particularly a sipitsonosvteioe Ttk moveRTsoNi con substrate or silicon
surface having a substantially <110> orientation, for the gate insulation
film such that the directidaCeBRiRetY nglthes sdugereFeyi oR) antl hetleain
regi on coi nci des sHbsLantl bl ybAN:d N6:g0s 5410 nswef aghqdhgeption. As a
result, the MS transistor of the present invention is operable at high
speed w t hout detsenbrandugteheddyeakdonth Ehbrbcteidntpraceandtherdetones

possi bl e to-increase the prod f.high-fr en cutoff f uency and 25
devi ce breakdghn @%ﬁ%%b% ??%.%%%e %%%%g%f?bg%%% %%?i%%ﬁmiﬁﬁégghtegrated
circuit up to five tinmes asasotipar eshd hbré hepeonFeat dlohnattcasethdhi s nmeans
that it has beconme possible to realjize a high-speed integrated circuit

exceeding a sili cRFFHRR e URR BHOR rafistRtBFCBHAa FaP PRUAPAFYCHPHe
transistor while s Nge arSihd&0ohn QMG devbgesuFrLtbess by1hPCLEABLEY the
channel width five tines wthout changing the channel |ength of the ri -
5 MS transi stororienbatbomsapdstibriecabiordprecehe teereefarea by 1/2 or

| ess as conpared with the c 1. onal S tr i V] i licon gate
oxi de filn1fgfned on a (100§g§€$%%c£$jﬁﬁ h%%tegéséég%?Qgi%gg?ﬁgféﬁrggnt
drivability. Therebyprotideconesnpossdtteot odeente zen awhbah ppwer i nt egrat ed
circuit in which the power consu iop_is reduced to 1/4. Further, by

“ncr easing the CHRTPER T Bhgth THOEAt PRESSTi EhUvE L BHARG| AESt HETBRANPRI 2w dt h
inthe MS lo tra#s] $¢6k, shtfHEEONBSLi PSSP Cah DidBYICE thepyariation of
the threshold voltage to 1/2 or_less, the 1/f noise to 1/2 or less, and the
thermal noi se to A¥PeRtatiaR, .ShavapErElzed thetlahveRnei dhaldveEfect

15 +transistors are disposed on the silicon surface such

that a direction connecting a source region and a
drain region of said field effect transistor is
coincident to a substantially <110> direction.
Another object of the present invention is
20 to provide a fabrication method of a semiconductor
device including therein a plurality of field effect
transistors on a silicon surface having substantially
a <110> orientation in such a manner that the
direction connecting a source region and a drain
25 region of the field effect transistor is coincident
to a substantially <110> direction, characterized in
that a gate insulation film of the field effect
transistor is formed by using a mixed gas plasma of a
rare gas and a gas that forms an insulation film, the
30 mixed gas plasma being formed by microwave excitation.
According to the present invention, it
becomes possible to provide a field effect transistor

of high mobility, by forming a MIS transistor such



transi stor that has a silicon gate oxide filmon the 15 (100) surface,

wi't hout sacrificing the current drivability. Thereby, a high-precision
integrated circuit can be forned. BRI EF DESERIPTI ON' OF THE DRAW NGS 20
FIG 1 is a schematic view showi ng the crystal structure of a silicon
substrate of a <110> surface orientation on which a field effect transistor
is formed; FIG 2 is a diagram show ng the orientation 25 dependence of

transi stor nmobilityatotnkhgisaseaasPstypeulkd braagestasulstionmedinn a
<110> surface; FIGS.3A - 3C are diagrans showing the surface orientation

dependence of curPénd- ¢aligge eradgacférlmst ddiePnt REYMLSTiAgndidiopr 80

FIG 4 i h L€V | | e i al
i ne sl ot ant onnac AHCE] B8 o0 &7 Bt S LRonr B t Re  GePendCReg Bl 1 he

silicon oxide fil orthi skhéssnonutlieckohamtingnsubttanGiafliigeaf el lOhe case

the sili t al face.is changed, variously. DETAI LED DESCRI PTI ON OF
THE PREFERRED LVBEBF RTS8  FPRFILPPLEL b PURG FOBErBre EB=Forhta

hi gh-qual ity gategipsdkabhoBohhkftrongatsel searcsuibacenobnalthsuniaca
orientations at |ow tenperature such as 400C, by using a m xed gas 8Iasna
of a rare gas andT§9¢8% PREPMESt SPRELaRtiAdLYarPodRCEARPAL tRALES <By 0>
m crowave excitatigpeaAs aikesult,of detailed investigations conducted on
the silicon surface orientation dependence of a field effect transistor by
usi ng this technol ogy and Fhutheonseictordagat te ftoendaeisemtofinvention,

10 it becomes possible to increase the current
drivability of a transistor up to five times the
current drivability of a conventional transistor that
uses a silicon gate oxide film, without miniaturizing
the device, by forming the MIS transistor having

15 particularly a silicon nitride film on a silicon
substrate or silicon surface having a substantially
<110> orientation, for the gate insulation film, such
that the direction connecting the source region and
the drain region coincides substantially with the

20 <110> surface direction. As a result, the MIS
transistor of the present invention is operable at
high speed without deteriorating the breakdown
characteristics, and it becomes possible to- increase
the product of high-frequency cutoff frequency and

25 device breakdown voltage (fT.BVbd product) of a
silicon CMOS integrated circuit up to five times as
compared with the conventional case. This means that
it has become possible to realize a high-speed
integrated circuit exceeding a silicon germanium

30 transistor or a gallium arsenide transistor while
using a silicon CMOS device.

Further, by increasing the channel width

five times without changing the channel length of the



15 the present invention, the inventor of the present invention has
discovered the fact that the nobility of the electric field transistor
becones nmaxi mumin the case the field effecP Transistor is disposed on a
silicon surface of a <110> orientation in such a 20 manner that the
direction fromthe source region to the drain region coincides with the
<110> orientation. According to the present invention nmade based on the
foregoi ng di scovemys taR6COHBS, POESHOEEMES HHS5EBSE thergmhkki tiefor both
N-type MS 25 transistor and P-type MS transistor and that a highly
reliable transi st@evigeodrasned z&%hothhﬁsﬁhést@9%EF§F@rWh§§ &heobi lity of
about 1.4 tines a : k n LLic ubstrate
havi ng the <100> %?#ﬁ%?ﬁ%?ﬁ%ff%%éiE£§§§§§£§¥ gﬁggﬁgogtﬁp%§k*g Qggﬁsistor.
In the case of a &xigpefMi® foamsdstora (L1005 posfabée wdtbbtain a nobility
of about 2.5 tines as Iarge as. such a M S transistor f%EnEd on a silicon

a

substrate having PREFLIBBINT the FRRFGRFoATLERPLhLFY - alREFEPHg £6 the
present inventionpekbmés POSsible 6 Heg1itA adﬂb&igewée_@neeayseéhona!
silicon oxide film a silicon oxynitride filmor a 5 silicon nitride film
having a | arger dféreeitienconscanthasrevapaFredswWPhRiansifi eeduefRadeCtilm
for the gate insu io I Ther Lt.hec S L bl in se the
current drivabiIi%gabf9%%Eh§¥éngfsﬁggr?%gbggpgggiSﬁgaﬁ%g ?ﬁ%aabeﬁéggric
constant. 1o It shimés bethottdchhagimgsthecohannetiWeédthl immhakeaMISs
dielectric coqﬁtaﬂt tmic§ as lﬁ{ge as that of ﬂ s%licoa oXi film Thus,
by using a silJ coh*AFEHFHRT it POFOTRa BaPe PhEuFgt fERYFFI MG a M S
transi stor and fuvhihestbynchooshagthhesrulfiaceleagentatipp as 1ésset forth

in the present invention, it becones possible to achieve a highly reliable
field effect transP8tbffhaoing BOclffeft UPFTabfhftyPPaFBer™thafCif&t of a
transistor having.g $jbi&pn 8xkdgsofohhersameot Bhekngasehorsra1 onra (100)
surface, by a factor 20 of about 2.8 in the case of an N-type MS

transi stor or a fhrapsistonbbuatshes aheitdcenofatePoxype KL Bt panthst or.
In once exanp]e of rrangenment . i i e r reqi nd the drain
region are di%%oséﬁbgg %ﬁrgag§10g£8b$%ﬁ?aﬁggéFf%%ﬁgsgﬁ?aggkggg that the
direction connectdngviabel oyt Ceheegbpn andighepdeainioeginnegoaneddes the

<110> direction, it should be
circult can be formed.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG.l1 is a schematic view showing the
crystal structure of a silicon substrate of a <110>
surface orientation on which a field effect
transistor is formed; -

FIG.2 is a diagram showing the orientation

25 dependence of translstor mobility for the case a P-
type MIS transistor is formed on a <110> surface;

FIGS.3A - 3C are diagrams showing the
surface orientation dependence of current-voltage
characteristics of the MIS transistor;

30 FIG.4 is a schematic view showing a plasma
apparatus that uses a radial line slot antenna; and

FIG.5 is a diagram showing the dependence

of the silicon oxide film thickness on the formation



npted that the gate el ectrode nmay be di sposed on a silicon substrate having
a principal surface of a 30 (110) orientation such that the el ongating
direction of the gate el ectrode coi nci des™wPt A [ 001] direction, and such
that the source region is disposed within the foregoing (110) surface at
the side of the [1-10] g _direction with respect to the gate

el ectrode, and that the drain region is disposed wwthin the (110) surface
at the side of theihel128) gheeehkencnEustiheront BeyBEgsenhrgxenton
includes all the 5 crystallographically equivalent arrangements equival ent
to the foregoi ng. changaduvdrbeusd¥ed that this construction is equival ent
also to the construction in which the gate el ectrode is disposed in such a
manner that the elongating direction of the io gate el ectrode coinci des
with the directi oDETAIBRERIDPSCRBBTIHENr @ESTHEt ARRFERRED IEMBPDIMERASe Wi t h
reference to an |né§r$§ éigg line of the (111) surface . Herein, it should
be noted that X hel % B&&nt ati on "substantially <l 10> direction" is not
limted to the (110) surfacetiisepbsoinie therd2hOh sughagasithat gheel ude
all the crystallographically equival ent surfaces thereto, but it also

i ncl udes the surfaedubptéptafibisCnppr dkihePR| §uefasr 6 £hé FRIbRCo0
surface crystallo u S h a5 surt.ace,

(331) surface, é%% Eggé %{1?:61E §?w g§$§ gggg 58 % 5% gé?fﬁcé&@a (112)
surface, a (113) sﬂlhgce maxéd18§as spiéame, oﬁ éliayesgaéaaed andashehbtke,
have the per nenggsurface.ori?ggatio 25 Furt her, Ls_al so possible to

choose the sut% act®*LFch" as™g! b?nSE?}QCelngufgglyysﬂFF58gaV§ (321)

surface, a (533) skciageion. (h35) ﬁ@éu@ﬁeofadéQ@@leauiﬁﬁégtlgaﬁ§5ﬂ¥
surface, a (231) surface, a (353) surface, 355) surface, and the like,

in which the 3o aﬁ@ﬁ@%?tﬁﬁvPatFBﬂ F%Bh??ﬁesQ{ pSedPFEBREBRLIPR sl | enough,
al so as the cryst@é SHaEACE &1 &hf§818h§f§£$€c£r9£si9609rS?eGElhBVéﬂibon i's
achi eved. %IRST EMBODI MENT] As a first enbodi nent” of e present

i nventi on, descr|b©¢bﬁ0thY @@dnﬁﬂésoﬂoastehvébn@uéherf@@vﬁéélpn @hich a
MS type field ef t S in ul at silicon
oxide is forﬁgh o%ﬁ% g§?%%§ﬁ %§%8§Fg$% hg%?n9§$8n§$8>ggr%g%t%k%g%8£FlG.l IS
a schematic d|agrﬁnvshbmmnghahedtsgsvakedttnetﬁaetothatsthecmobmlysyal

constituting 10 the sjlicon substrate used in the field effect transistor
of the present 9§n¥?%n ?ﬁﬁEFé?an$%91t§ﬁBﬁésFﬂE BPGSPEP SE¥HBEUr &R as

viewed in the <11@Redté§éttﬁe £l81&l ExtechOotBanbi8t60W8s18158H8ed0en a
represent the <110> direction, and it can be seen 15 that the silicon atons
103 are arranged @ala¢@@|svéf@ﬁ@ phterfhte>toripetghieni hBusuEhoad fil m at
the uppermost,Surfagg.pParh L NeRgod: - Whiehel b £he! doGELECLLEBRASESION 1S

f or ned.

the drain region coincides with the <110> orientation.
According to the present invention made

based on the foregoing discovery, it becomes possible
to increase the mobility for both N-type MIS

25 transistor and P-type MIS transistor and that a
highly reliable transistor 1s obtained such that the
transistor has a mobility of about 1.4 times as large
as a MIS transistor formed on a silicon substrate
having the <100> orientation for the case of an N-

30 type MIS transistor. In the case of a P-type MIS
transistor, it is possible to obtain a mobility of
about 2.5 times as large as such a MIS transistor

formed on a silicon substrate having the <100>



Further, the MS transistor of the present 2o enbodi ment includes a gate

el ectrode of the field effect transistor on_the <110>-oriented .princi pal
surface of the silicon substrate such as the (110) surface, such that the
gate el ectrode extends fromthe right to the left on the plane of FIG 1.
Thereby, 25 the source region is disposed closer with respect to the pl ane
of the drawing, while the drain region is disposed farther with respect to
the plane of the drawhpgtibh.should be noted that this direction is the
direction in which the field effect transistor is_ 30 disposed such that the
li ne connectlng the sour ceFPE§NEH  aR@PREIBAAIR FBGT BF SE6Mitc A¥ST{HON<110>

orientati on. t 1bepsh0uB ENeBl Gog, LhealRBkLbhY (8 af BEnllielransi stor

becones ﬁHXIﬁUﬁ]In t irection. G.2 shows t he depen ence of
the nobility on thelicanspside ﬁmﬂmntatsmhlbon thgntaseda PilymperMeS

t t f th 110 FI.G , ts th
change of mobiT [ 1§t bPOPhBLEESES! LLANGRE BF Bl SRGHEFrE<BLPECEIon of the

gate el ectrode iscghangre wst Bomphbed(kith) asyiflaesnwbkhaeekerancesto an
intersection line of the (1- 10i surface to the ( 111 ) surface . 10
8

Referring to FIG.QhelgaEinBEU ERORhAL LPhe THBBFPPYt y 1bebBREECRBXi MUMin the
case the source rﬁgbgﬂbﬁgthhgngE@thr@HboauﬁEgnQ'899§§QL§9E9 blagpkhe

angl e formed by the elongating direction of the gate el ectrode becomes 135
degrees. In othertwendsstes Ehepﬁobpttnynbyeﬁhe§hﬁaﬁuﬁ&ﬁp¢ml@h@0®§$@nthe

source and drgjn g%giﬁg 18" gedhspaged, wi thin, ; £330) ;s gutface, of g
surfaces such tha tﬁe irec |on connecti ng % e source regi on"an he drain

regi on coincides thelsdtPrcdcbrstant. tAigenakbalaggbuaki @Rakobdsaal so in 20
the case of a N-type,MS transistor. It should be noted that the nDblllty
of the M'S tran5|§%6%cPﬂu§X6?§p5§éﬂ i ShPfAer BYsBEBY ab8itiEoR PifEddfor the

case of an N-typesMg Eeﬂnéhéteaterlﬁégystzoé ki MRSoEOR 118 €28Rs9Et8r
P-type M S transistor as conpared with the MS transistor nobility in

the <100> surfaceandit fyhbhed be ﬁbpealngathguéﬁréﬁCﬁn@reagéaéﬁOFhésnnbu||ty
of the MS trﬁﬁs'EEQrf9£§H°§8d5hP ?ESEeﬁE 9£b8ﬂ£§8h°”lk588?8ﬁ89 by the

reduction of effectfive nass an trce scattering proba of el ectrons
and hol es possible to achieve a highly rellable field effect

transistor having a current drivability larger than
that of a transistor having a silicon oxide of the
same thickness formed on a (100) surface, by a factor

20 of about 2.8 in the case of an N-type MIS transistor
or a factor of about 5 in the case of a P-type MIS
transistor.

In once example of the arrangement in which

the source region and the drain region are disposed

25 on a <110> oriented silicon surface such that the
direction connecting the source region and the drain
region coincides the <110> direction, it should be
noted that the gate electrode may be disposed on a
silicon substrate having a principal surface of a

30 ({110) orientation such that the elongating direction
of the gate electrode coincides with [001] direction,
and such that the source region is disposed within

the foregoing (110) surface at the side of the [1-10]



30 along the path fromthe source region to the drain region. As can be
seen fromFI G 2, there occurs no sharp deg&ﬁage of nmobility in the angles
slightly - 11 offset fromthe angle in ich the nobility becones

maxi mum Thus, it is possible to obtain a field effect transistor of

i nproved nobility when the crystal orientation within 10 degrees fromthe
135 5 degree angle is chosen. Thus, the field effect transistor of the

present inventiondgascbeohonier akspeOt 8Urtneegabavengcarsdef aghd
orientation angle substantially equal to or close to the (110) surface or
<110> surfaces, shdtatha #5531 EaFiagelsadisBefefowstifiacthea (£29))

surface, a (321) sUrface a8 {R32)igurbacencar(283d) gurbaceond F3rlher,
surface, (a 320) surface, a (230) surface, and the like. FIGS. 3A - 3C show

t he dependence of thedpaédertginoventierninotudae RIiypkeM S transi stor on

the 15 drain regi on vol N be en_th h rrent _drivability of
the M'S transierort ormbaooraphsCiiny) e dfFPat et sog=fttrPlias and « ne
current drivabiliéygudbalEetMS trhansoségoihgr ned snotibe Hélhptedrfage shown
in FIG 3C are increased with respect to the 20 current drivability of the
(100) surface shohi® nCRREBACHYORhESf gBHbY31BRt12859nH02t8e respecti vel y.

FIG 4 is a cross gggitpnatigdhaghagnshawRg ?Qt@xéﬂEégrQBetBE appphakys used
for realizing the silicon gate oxide filmof the MS-type field effect 25

transi stor by usihg auehddanannae thet bheephangptirgedérceshbondobethade to
W98/ 33362). The silic I f] j r as.fo CELr acuum
vessel (procéggingé%%a%g%§§£§§i Féﬂgéggégtggg?oﬁgévg%ggﬁFéggtggtgﬁaaa Kr
gas and 30 an (Z gmaslabedegteesuetthinotha sholef shatecd0RitMVWth this, the
pressure of the progcessing chanber |s set to about 1 _Torr. , a silicon
Pafer 403 having 5ocen8n08 £973R Lot BrRgtnt Pont ot oifi EPBi Aol on a st age
404 having a heat gngraesehani smas a substrate, and the tenperature of the

specinmen is set to about 400C. |t should be noted thereby that the results
to be explained bel ow 5 arell8tdsbanttafhguifebsanetad FbA§ &8ethis

tenperature ngtiP%piéséﬁtépfoﬁam99b9£aﬁg%%§§9cklf§£tHﬁfece?gﬁﬁr9§a¥8t0f

2.45GHz is supplied to the processing c er~froma coaxi al wavegui de 405
t hrough a radial limétsfiotoahhenfaldD6sanfaael DtdesFectrie phat €140Y, and

houl d by not ed tAF 6" r BAGH 1 &7 P b8 Bipl B ReuTBaF o APEBRRERATYy t he
sane as |long as tbguivenurdcyudfatbe shepbte( Buer dvaxesobsiRODMiesothbi gher
but 10GHz or 15 lower . It should be noted that the separation
surface orientations approximately equal to the (110)
20 surface crystallographically. Thus, surfaces such as
a (551) surface, a (331) surface, a (221) surface, a
(553) surface, a (335) surface, a (112) surface, a
(113) surface, a (115) surface, a (117) surface, and
the like, have the pertinent surface orientation.
25 Further, it is also possible to choose the surfaces
such as a (320) surface, a (531) surface, a (321)
surface, a (533) surface, a (535) surface, a (230)
surface, a (351) surface, a (231) surface, a (353)
surface, a (355) surface, and the like, in which the
30 angular deviation from the <110> direction is small

enough, also as the crystal surface in which the

effect of the present invention is achieved.



bet ween the shower plate 402 and the substrate 403 is set to 6cmin the
present enbodi nent. By reducing this distance, a higher filmformation rate
becomes 20 possible. Wiile the present enbodi ent expl ai ns the exanpl e of
formng a filmby using a plasna apparatus that uses the radial |ine slot
antenna, it should be noted that the m crowave nmay be introduced into the
processi ng chanber by way of other nethods. 25 In the m crowave-excited
plasma in which ajKirgasea@pdpame2jgas are mxed, Kr* of internediate
excitation state cause collision wth the OCa nolecules and atonmc state
oxygen Ot are forned effici®atkyfinptl embafsmansnPé shat Brefkgnén causes 30

t he oxi dati on of EHQ?EEP?Era&gsgyﬁégggﬂagggyeggi8Qaglnggt shoul d be not ed

that the oxidation o I"éonsur een caused H20 nol ecul es or
Oz nol ecul es and aemécynfiighopr deesset énpehathre MIS- t¥Be 6LeBA0ELGrCHDI e

has been needed. |n contrast, the oxidation of _the present invention caused
byt he at omi ¢ 51 atBABS)§EAL CAAVABICBndatE ot 18 LaBs LA LR F | §Lrogon

tenperature of 550%iQk k8SSorRel! nSashomschbhesadkt26@=0nhonhat hOR110>
dependence of the relationship between the oxide filmthickness and

oxi dation tine atorhentak&OBf oxidation of a silicon substrate surface by

t he m crowave i nduced Kr/CQFE?a§ngﬁeg?ggggmakggs3955?i§iiﬂg&gﬁgt@ﬂg 1o

FIG 5 shows the relationship for t ) surface, surface and the
(110) surface of thestali sbnusubseratea Fulthen, cEy&tBlakbsonsshbusinpe

oxi dation ti dependence for the conventiqnal he | .axi dation
process condﬂg}edgg? 563&90&55P SFﬁaggoH§8ﬁt%Bngﬁgh%éﬁiggﬁﬁgﬁg ure thermal
oxi dati on technol egynsiBeozopDtREUpEEsERtHRAVvERLE6H], esnpeaehr ate. thr ough

an oxide forned on the surface and the Oz nol ecul es or the H20 nol ecul es
thus penetrated t ARBUGhERRecEXFHRL FFRTGRHUTPe@EnBdeY8dt AB §PFi €6AP3I 1 con

oxide filminterface.conbni buheprEo1t hg el dat heRowdhuss Lhareoappears a
difference of growth rate depending on the surface orientation. In the case

of the oxidation vépraeent| then<slbzt darection, and it can be seen

15 that the silicon atoms 103 are arranged parallel to
the interface to the gate insulation film at the
uppermost surface part thereof on which the field
effect transistor is formed.

Further, the MIS transistor of the present

20 embodiment includes a gate electrode of the field
effect transistor on the <11l0>-oriented principal
surface of the silicon substrate such as the (110)
surface, such that the gate electrode extends from
the right to the left on the plane of FIG.l. Thereby,

25 the source region is disposed closer with respect to
the plane of the drawing, while the drain region is
disposed farther with respect to the plane of the
drawing. It should be noted that this direction is
the direction in which the field effect transistor is

30 disposed such that the line connecting the source
region and the drain region coincides the <110>
orientation. As will be shown in FIG.2, the mobility

of the MIS transistor becomes maximum in this



surface by the mcrowave-induced Kr/ Q2 plasma, on the 25 other hand, there
can be seen no substantial dependence of growth rate of the silicon oxide
filmand this holds also to the surface ari¥htati ons other than those shown
in FIG5. Further, the result of nmeasurenent of the 30 interface state
density at the silicon oxide filnmlsilicon interface conducted by way of |ow
frequency GV neasurenent has revealed the fact that the interface state
density of the sidigopcféhm thus - 14 formed by the m crowave-excited
plasma is lowin any of the £100) surface, (111) surface, (110) surface, as
well as in any other surfacBl®r?eft@¥sofde ASPenPrRrfedf abbsenobhbity|icon

oxide fil m5 thusyf opned. by L hec sl oo pvayes exght e KL LR L asteo as,

equi val ent or superi or ectric characteristics to the conventio
hi gh-t enper at ur e 3§ derdns s for nksl Hormée ¢d0Bhestidresurfiaaay of the

(100) surface,. (111) surf ,~(110) surfacg, or any other surfaces, 10 in
spite of the Pact%Q%E?l%xﬁﬁgt?oﬁe?%e%%%E%cF%% Fpa g?o%?t%ﬂﬁé{bf%r °Such as
400C. It shoul d bendotegetfint ihglexbstencegdtiky d0rébeishl bgopnoxide film
imedi ately after the filmformation also contributes to the foregoing

desirable 15 ef f eg3te ARICEERYP t1DfCharrPorbEhbm BreKf1THOY heusfaceon
oxide T1lm stress exisliofohds de dheidlo Mol ol sting 8t Lhe B/5H(P

interface is relaxed, and t | eads to t or egoi ng signi ficant
i nprovenent of elserficechartleeeflbl) csunfacde silicon oxide film2o0 as a

result of reduction of tra har ge Lnterface_state_densjt
ParticularlygBexistence ofpﬁgg%grgng ?%f#%%ﬂibrl e%%giﬁét%gﬁ% % XEUF Gce
density contri butmesbiDbithebéamioyaneaimah £h echie i casehdiacéentrséi cs and
reliability of the sjlicon oxide 25 film It shoul d be noted that FIGS. 2
and 3 show the suF$EER] RAFEntRE | SHA R pEFIIRE BT FOIRPFEY BFCRnBPMF S

transistor havingifde,ggie f6@ﬁ%@1$§ntﬁé|éﬂ$£&£€9n?c@9fgéﬁgoﬂOoﬁufﬁea
process. In the present invention, 1t is sufficient 30 that the silicon
oxi de film fornedaie tdkeeieodmayecomes 135 degrees. In other words,

15 the mobility becomes maximum in the case the source
and drain regions are disposed within a (110) surface
or {110} surfaces such that the direction connecting
the source region and the drain region coincides the
<110> direction. A similar situation holds also in

20 the case of a N-type MIS transistor. It should be
noted that the mobility of the MIS transistor thus
disposed is increased by about 1.4 times for the case
of an N-type MIS transistor or about 2.5 times for
the case of a P-type MIS transistor as compared with

25 the MIS transistor mobility in the <100> surface. It
should be noted that such an increase of the mobility
of the MIS transistor disposed in such an orientation
is caused by the reduction of effective mass and
lattice scattering probability of electrons and holes

30 along the path from the source region to the drain
region.

As can be seen from FIG.2, there occurs no

sharp decrease of mobility in the angles slightly



excited plasnma exists at |east at the part contacting to silicon, and thus,
it is possible to use an insulation filmin which a different material such
as - 15 a silicon nitride film alum nurhloxide film tantal um oxide

film hafniumoxide film zirconiumoxide film and the like, is | am nated
on the silicon oxide film Further, it is possible to use any other plasm
5 processing apparatus that enables |ow tenperature oxide filmformation by

using plasma. Foro£xadpl frohtche POSBLEDLL 9148 et Re PhSSIRL By 05886188
apparatus of two-stage shower plate type having first gas rel ease nmeans for

rel easing a Kr gasadbnfmr Blestihy p asemsbyle bdcebave anfiialdecond gas

rel ease neans dif t fr irst. r . S easi ng an
oxygen gas. FurtH%f%gQ% éﬂ%ﬂ%%gggéﬁé eﬂ%S%% g%ﬁgagfr?ggnwégéeﬁﬁ%f t he <110>
surface orient at i onyseyl beriénanyiof aibolk Tristdalgrsafserf ram ahe 135

silicon-on-insulator (SO fer in which a silicon_|ayer s forned on a
buri ed insuIaFioﬁé?g¥%? ?%g et ?%%?%nnpyh%%'at%?lf%%ﬁgb%ggeﬁF a netal

| ayer underneath thgndusted bnsthatppdséht M RbehheoSQareaher soMe$O Waf er
having 20 a | owresistance netal |ayer such as Cu underneath the buried

insul ation film ialaevamntagebuses orahigh apeedfaperationtat ENBCIRUERT 2] 25
Next, description_w . sem con r,.deyjce, | i

M S-type field-ef %%%é?ggh%?s o?g?%%|§§}§g ?ﬁ%%%i%ga¥§§|f%g%%2§§ﬁf T de
filmis provided on €150} i sonfscds] raweh hayi ag(ihe) <dddpPace| eat &883obn. 30 In

i m for the Bat e TREtFStion 1] m oot et b T1 ¢ 5o BEROhs md Alim i n the
construction in wiehaddp 41 epsipfé@ftace, a (351) surface, (a 320)
surface, a (230) surface, and the like.
FIGS.3A - 3C show the dependence of a drain
region current of the P-type MIS transistor on the
15 drain region voltage. It can be seen that the current
drivability of the MIS transistor formed on the (111)
surface shown in FIG.3B and the current drivability
of the MIS transistor formed on the (110) surface
shown in FIG.3C are increased with respect to the
20 current drivability of the (100) surface shown in
FIG.3A by the factors of 1.3 and 2.5, respectively.
FIG.4 is a cross sectional diagram showing
an example of the apparatus used for realizing the
silicon gate oxide film of the MIS-type field effect
25 transistor by using a radial line slot antenna
(reference should be made to W098/33362).
The silicon oxide film is formed as follows.
First, a vacuum vessel (processing chamber)
401 is evacuated to a wvacuum state, and a Kr gas and
30 an O gas are introduced from a shower plate 402.
With this, the pressure of the processing chamber is
set to about 1 Torr.

Next, a silicon wafer 403 having a <110>



-, 16 transistor is forned on a <110> oriented silicon substrate shown in
FIG 1 such that the uppernost silicon atons of the silicon substrate are
arranged parallel to the interface to thé é&té insulation film5 and the
gate electrode is disposed so as to extend fromthe right to the left of
the draw ng plane, and the source region is disposed closer to the plane of
drawing and the drain region is disposed farther to the plane of the

drawing. 1o It shoautrhde swiaddhadn the glddentodrd vakidd tyo ofndPeng a
foregoing MS transi stor disposed with such an orientation increases in
correspondence t Q'&@3elthdPRAZN bIM di el AR TEEDIBL ARd ofhe heemperahre
nitride filmwt Clod Qi s 1d i i °cl5 r Lfically,
it was observed t f;t t estpcuér)lr eér']l—t? riéva ﬁ?%ﬁcﬁuatfé %dr?cre'aslgég Sglf%ﬁh%gbfeactor of
about 1.6 as conpartezt wilidrelne tME ttlensiesiwithawe roe cegplaiooed dxedew fi | m

and fornmed on_the (100), surface for,the case of,the N-type transistor. In
the case of tRe P20 % tatl?talhag]i]s‘{ ore ST 11937 1 %ﬁjcsr‘ eased by the

factor of about Zdmpeierurasastoinguch an tHerease ofr mdi4330Cof the M S
transi stor disposed in the foregoing orjentation is attributed to the
decrease of the effective NHESIRAT el2dAMFHFRAVAMRI Nol 2s? 3G % hies 23Rkt *fh

al ong the source yeghan akbdhe 4df alihfisd o Ghdy t{lb:d}gﬂlr flidattice

scattering probability, 'simlarly to the case of t first enbodl nent.
Further, simlarl40d cchimuglase wfdidle finstskmboritanma 4Q6 iandlaso possible
to formthe field 3 effect tr nesi4$6.pr of . t.he rF)_rc?sen.t invPanStI@laon. on surfaces

havi ng a surface daJ'ng eec%]fji%rﬁlzi‘% on su’bsafnadntllllaq y eerhsulzﬁY 5ot vse to the

(110) surface or i#riacedObn sthd aoesse sdioly ashamifad 1) Tisardmee, i shoulld

(331) surface, a (221) surface, a (321) surface, a (531) surface, a (231)
surface, a (351) BUMHR EF'376)° SITHES P (PBOPFRIAHLRE, Dol 147 1 i ke.
Simlarly to the dddesta@npodid®itime td GHE 2 Stld CORQXMY rd decd | m of

the MS transistor of the present invention is realized by the mcrowave
excited plasma appiiRktied thikarqrsse the MM oF deigher kikt e DfOF G 4.

The silicon gqxynitgide filmis fornmed as to follows.

It should be noted that the separation
between the shower plate 402 and the substrate 403 is
set to 6cm in the present embodiment. By reducing
this distance, a higher film formation rate becomes

20 possible. While the present embodiment explains the
example of forming a film by using a plasma apparatus
that uses the radial line slot antenna, it should be
noted that the microwave may be introduced into the
processing chamber by way of other methods.

25 In the microwave-excited plasma in which a
Kr gas and an 0 gas are mixed, Kr* of intermediate
excitation state cause collision with the 0O
molecules and atomic state oxygen O* are formed
efficiently, while this atomic state oxygen causes

30 the oxidation of the substrate surface.
Conventionally, it should be noted that the oxidation
of silicon surface has been caused by Hz0 molecules

or Oz molecules and a very high process temperature



First, the vacuum vessel (processing chanber) 401 is evacuated to a vacuum
state and a Kr gas, an OZ gas and a NH3 gas are introduced fromthe shower
pl ate 402 such that the pressure of the I51§r60essi ng chanber is set to
about 1 Torr. Next, the silicon wafer 403 of the <110> surface orientation
is placed on the stage 404 having a heating nechanismas a substrate, and
the tenperature of the specinen is set to about 400C. 20 Further, a

m crowave of 5.4%3#z3d¢Ci BEr RdweelaknNbeechh@cBl@EeSShNgoaRaaRer fham t he
coaxi al wavegui de 405 via the radial |ine slot antenna 406 and the

diel ectric plate @oFaBRN MHthRiRIesSLH adheen Blomdtrerd Y hiehr ocessi ng

chanber. 25 Ther t & %ﬁ[pe tbeF NESD 0 and the substrate
43 is set to abo::jétjéloérclzlrT(Th ITe the pre%ﬁté%r%%{dq%%{fgéi bes the exanpl e
t hat conducts thesybhdtarftoraisly dowbytersawp tups asfres Appapat lesshat uses a
radial |ine sl ot antenna, S%QIE%I‘% sgiécro ve may.be introduced by other
means. |n higR-density excit®dd bIHEME i i tH 3He WP t@” gas and the
NH3 gas are mi Xediec}:k@r’fdé}fcé g eraredi vl 1 51 M $h GRUSEL i T SO dd #4me Oz

- 18 nolecules and the NH3 nol ecul es and atom c state oxygen 0* and NH*
are formed efficitdntdhpesmiand Qe dadinl sindkt ehts teine s et iation

oxyni i dation ofod e 5114 &aN SHISLIALE SUEACE ph Ll SHEI Gyl LT dati o
of the silicon surface that uses m crowave-excited plasma, there appears
al rost no surfacerohiced &di/0h dépemdenedegrinhé tgsbwiufl dr &tee noftethéehat
oxynitride film ther,. the,surface stat.e density at siligcon
oxynitride t 3°fi IEIr:#{’s’l%]iscﬁoonwsl n he% fraeceaﬁlsorfsok\l/\ﬁf npoa%y%bef {#e (ﬁﬂﬁ i1 ace,
(111) surface, (1l@)1)swimtese aind rcrany(1f0)otherfsel fEf ectns | et addrons. I n
order to realize the ox%nitri de filmof the present invention, it is also
possi bl e to use FFRHGIHG FHSHEDr Fis) iy S A U A* ARbEUS
formation of oxynifnd deeddddBide | QW @I E RS dNYy PERSHRRL I N
addition to the apparatus of FIG 4. For exanple, it is possible to
construct the appatistatsiary nepcess tdmndietarm ar AEESi.ng 20 apparatus of the
f oregoi ng twg.stage shower et . which . the fir el ease neans
r el easi ng t\r,:gsKr gas for pllglsﬁéah% oc%lér%gfélrgtnlvg;r{n% tPLl se%%“r%réde,lgag%d{?i onal gas
rel ease nmeans f orthreatnedsiog datel axywathigalo@r £ o dedle2nller e H,0
formation of the silicaon oxynitride filmof the present inventio t he

exi stence of hydf‘Bﬁe?F‘?Joer %}Fetﬁarﬁ)eor?%ﬂuq}hcatrbr&xﬁéea%‘?%% O ki st ence

of hydrogen in thsiptasdand hadanghibne cards oirn thige usd | hEDACHLEET de 30
filmor at the interface are termnated in the formof Si-H bond or N-H

bond, and as a r&3dUte PRTRIFIRIRE I RAUER rEie (9K iHRe SHIR G B8ARRGd de film
or by the intgrfags i 8l ddi MahedonNELRRY ¢4 im SHAW G & NOLEG iy dd  that

exi stence of Si-H bond or NNH bond 1n the oxynitride filmof the present
invention is confia 8wt kxitsEsigrenditusf tihdrearapbedrsorgptdioff epwute ol and X

ray el ectron spectroscopiC spectrum_As a result of 5 existence of

hy)ér ogen, the IElysc-{reor""etgrll graoffeltoe@eé n&aorré&heeriss‘ﬁlg C§ L% einrﬁan%a B &t t he
interface state dansidaseatof thesidsditiSid icbneoxWitiddte fibdndste
suppressed to 3 x | 01c %%yor less. In the case of formng a silicon
oxynitride fil mb%P’iFﬁ‘?r% rdte Y IP VS BU9E9 B F?graﬁf%%ed"&a§h8f o2,
Na/H2, trappiBg Qfther hand, there can be seen no substantial

dependence of growth rate of the silicon oxide film
and this holds also to the surface orientations other
than those shown in FIG.S5.
Further, the result of measurement of the
30 interface state density at the silicon oxide
film/silicon interface conducted by way of low-
frequency C-V measurement has revealed the fact that

the interface state density of the silicon film thus



electrons and holes in the filmis reduced sharply by setting the partial
pressure of hydrogen to 0.50 or nore. In the present invention, too, it is
15 sufficient that the silicon oxynitridé £i% m f or ned by the

m crowave-excited plasna exists at |east at the part contacting to silicon,
and thus, it is possible to use an insulation filmin which a different
material such as a silicon nitride film alum num 20 oxide film tantal um

oxide film haf nifdRmed dgy fiddNmzZd ¥ S@rrasexi€ed fpl Bmants thee | ikeny s
| am nated on the silicon OXénltl‘l de film In order to realize the

oxynitride film &t tHee ptld®ntsuniageti ol 11t seriaesi blEl Qb sisefags, 25
other plasma procgssidhg aapsoaj(rgm that. £ £5.d o&i&gp&%e oxide film
[ 0

formation by using plasnma in a ion to the apparatus G 4. For
exanple, it is possible toAsexdiassh gvooessiing sipparat usxiode tfielm

t wo- st age shower plate.type, havi the first gas 30 ease ans for
rel easing a K’ ga ‘fsorfoe%g‘?q :1?1‘@ %?ea%crb%wadv% c’f%%?/ie%ﬁzt Iﬁjg%ssg@oﬁl&sgas
rel ease means di fdramldnomnt haugdridr gase d©f BASchdRadSe fF 0t i€d e@si ng t he

Oz, NH3 (or Nz/HZ gas) . - 20 . [[THILRD EMBODI MENT] Next, description wll
be made on a sem YHhdRABIP defiEte MRS MUT 2 rahsi st okl Mg 1ied a

silicon nitride fdd Mis [QIAPLANELS] |1 pUbELEA oY) No e dd 0>
orientation as a third enbodi mrent of the present invention. In the case of
formng a field effllt sumimist ofl ihatswsescea, 1t iawn ofher deuffdersor the

lo gate insulation film too, .the.construction,fornmed on the sillicaon
substrate havli%ng JtrheSPQ%&bf%r?heentfaaﬁ%ntr?ant s‘i]’f:lhdaatl ihnet (f%réqeucf%eed uain)ea]’ nost
silicon atoms ar el s resgeskparsd |alct ad e o°6t.erface to the gate insulation
filmand the gate electrode is provided so 15 gs to extend fromthe right
to the left in the plane of't hﬂpﬁjaémqqf‘g,n‘f s%tﬁ%etl?eeg‘?’blnsﬁ%miﬁ o‘?ﬁe&%‘ﬂ
closer with respegt #xe tdiel e 0fdd her 108 aMhnia Bk Thes i NEHE O 10 | S
provided farther with respect to the plane of the drawi ng, provides the
maxi mum nobi | i ty. f23HLAUhe M S Goenisiiiers dis pded ereaming gteehiaion,

the current dki ijélﬂﬁ'éé I8 1S &ased #r'tﬁ‘éér;%&é:@irér?s&a?g@'ﬁ”ﬁf {1 the
i ncrease of the dielectriC constant of the Silicon nitride filmwth
respect to the sidildororoxaxdiedd ifimlm| tstshemd exissioigedinside the film
or existing at the S$i/Si0; interface is relaxed, and
this leads to the foregoing significant improvement
of electric characteristics of the silicon oxide film
20 as a result of reduction of trapped charges or
interface state density. Particularly, existence of
Kr of 5 x 10"em? or less in terms of surface density
contributes to the improvement of electric -
characteristics and reliability of the silicon oxide
25 film. It should be noted that FIGS.Z2 and 3 show the
surface orientation dependency of mobility of the MIS
transistor having the gate insulation film formed
according to such a process.
In the present invention, it is sufficient
30 that the silicon oxide film formed by the microwave-
excited plasma exists at least at the part contacting
to silicon, and thus, it is possible to use an

insulation film in which a different material such as



25 that the silicon nitride filmof the present enbodinent has a dielectric
constant of about twice as large as that of the silicon oxide film
Further, the current drivability of the fiéPd-effect transistor was about
2.8 times as large as the MS 30 transistor in which a silicon oxide film
is formed on the (100) surface for the case of N-type. In the case of
P-type, the current drivability has increased by 5 tines. - 21 Simlarly

to the first embodigeniaeod heitPcdeasepf Mruvabihidyi®d £ MSdeang stor
di sposed with this orientation is attributed to the decrease of effective
mass of el ectronsozidk hol s, Sraforyn tdrel douf tlnr ez DreHYN tdreidl af lmegi on

and decrease of the,latti scatterin r obabi | . Sm rlv.to first
enbodi ment, the falmecf dtehe? ffelf:ljfet r%lsng"ias %}&Pto é)tﬁﬁe %éée(sse%{rc’ll%lr\%e%%i%en Errle;@m be
fornmed al so on substamdr aliy (difYssiviaces wie tanpusiraeespiwesmag a surface

orientation angle equal to or close to the <110> surface, such as a (551)
surface, a (331) RIRFSRTLNG 322 tF rHat erqilabag Lo fHume A YurD)

surface, a (231) sdace; 1@ f38dat S fREaus{dy 3PN sl face, a (230)
surface, and the 15 like. Simlarly to the first enbodi ment, the gate

silicon nitride filmof th&M $%xaemksstbt b RIS PSR W9RentPrsNa

realized by the m i S )E i al
line 20 slot ant nﬁ%g%@ﬁ%x%ﬁ%ae%%%o%&ﬁ%%%% %Wﬁ#ﬁ%@%jﬁ
follows. First, theviveguiiwstesssd 1erearsssweanshtobergledding avicuz=ed to

a vacuum statﬁ and a Kr 25. gas,. a Nl-is}ﬁgas is introduced fromthe shower
plate 402 such t R tHECHT 8 AT {9 HrtEM AT HERrSFEt93% about

1 Torr. Next, thersidd<£dmawaierd 4R dnt hersmd 1 st f o€ egs | LataddeOn i s
pl aced on the stage 404 having 30 a heating nechanismas a substrate, and
the tenperature dfedhe SPeciHERI NG an tXEFVDUtIADOC. Further, a m crowave

of 2.45GHz is introduced irtzlprgﬁ'@r,prpfessrg I ghamher-dromt hene - 22

coaxi al wavegui de 405 via the radial line slot antenna 406 and the
di el ectric plate stOl7camdvdierh aenthie <l Gsnsuisadadeciesh fatidre prwdessi ng

chanber . Thergby, fhe, gap Retween d0e SAover plal & #2404, Lhe, &, pubstrate

43 is set to abou cm
(SOI) wafer in which a silicon layer is formed on a
buried insulation film. Further, there may be a
silicon body or a metal layer underneath the buried
insulation film of the SOI wafer. An SOI wafer having
20 a low-resistance metal layer such as Cu underneath

the buried insulation film is advantageous for high-

speed operation.

[EMBODIMENT 2]

25 Next, description will be made on a
semiconductor device in which a MIS-type field-effect
transistor including therein a silicon oxynitride
film is provided on a silicon substrate having the
<110> orientation.

30 In the case of forming a field effect
transistor that uses a silicon nitride film for the
gate insulation film, too, the mobility becomes

maximum in the construction in which the field effect



Wil e the present enbodi ment describes the exanple that conducts the film
formation by using a plasma apparatus that uses a radial |line slot antenna,
the m crowave may be introduced by ot her é$hs. io In hi gh-density excited
plasma in which the Kr gas and the NH3 gas are m xed, Kr* of internediate
excitation state cause collision wth the NH3 nol ecul es and NH* are forned
efficiently, while the radicals thus excited cause the nitridation of the

15 silicon substratgnsustageis! fosHed Bhtai datosnosiehbeqskhicesnsurface
t hat uses m crowave-excited plasma, there appears al nbst no surface

orientation dependéREBrahet HBOYR OWEhFEGt & BRCEhEhALt ENECUPPRRROSEr t her, t he
surface 20 state 9%2%%§Msur ﬁ?eof'%&§0919i 5hd§u% % 8Ll g gnakpgggégce I's

low in any of the ace surface sur ace, rn any of
ot her surface orlp@rallehstolhherdeterﬁaceatozehehgahetmndelatiunofllme 25

pr esent |nvent|on Ss to uge anot her ° ro e55|ng
appar at us t hat® en%%? ?o?ﬁg?lgﬁeﬁ#rﬂg?r%ﬁe tPPRATS ?8m?$ ﬁ%e?ﬁ

using plasma, in ﬁﬂamtt@@ toghbetappre al &5t 0b £ Ftke 4dr&Win§XpIRhE, éﬁdls
possi ble to construct 30 the apparatus by way of the plasna processing

apparat us of the FBEeFOrhRget iBISPRAGES sSREFRPSPRaELOE§PetPntifi BhaRAeOf I st
gas rel ease meansargleagi faqt Bke Kirgas £051phastmal gpgeLYOR, ARflokhe, secoNd,

- 23 additional gas relfease neans easi ng the oxygen gas are
provided. In the toenptana of the drdéwtoa.nitride filmof the present

i nvention, t exi stence of h n, for o] nt_factor.
q% Ié Hg ?eb Egd g$%£ngang urre ﬁ%

result of existence of hydrogen in asna fng bonds in the
silicon nitride fdtnvmblaityheflﬂmerfaﬁegaiegtmrs1ﬂaaedlsﬂothelépbﬁe@f Si-H

bond or N-H bond, and as a result, tra 10 of electron in the silicon
e b T o byl SR R bt en PR MR- OL e B8 LOR b dntntafte oot ed

that existence oft+sl thkbondroasd: bkbgndiéptthe sbhstaecfbEmpE theipegsent
invention is confirmed by neasurenment of infrared absorption spectrum and

X-ray 15 eIectronnébeh@¢o§bb@lEl§%e€?$nﬂ¢t to the silicon oxide film.
15 More specifically, it was observed that the current

drivability has increased by the factor of about 1.6
as compared with the MIS transistor having a silicon
oxide film and formed on the (100) surface for the
case of the N-type transistor. In the case of the P-

20 type transistor, the mobility has increased by the
factor of about 2.8. The reason of such an increase
of mobility of the MIS transistor disposed in the
foregoing orientation is attributed to the decrease
of the effective mass of electrons and holes in the

25 region along the source region and the drain region
and the decrease of lattice scattering probability,
similarly to the case of the first embodiment.

Further, similarly to the case of the first

embodiment, it 1is also possible to form the field

30 effect transistor of the present invention on
surfaces having a surface angle orientation
substantially equal to or close to the (110) surface

or the <110> surfaces, such as a (551) surface, a



As a result of existence of hydrogen, the hysteresis of the GV
characteristics is elimnated and the interface state density at the
silicon/silicon nitride filmis suppressédlgo_s Xx 20 1A ~cmZ or less. In
the case of formng a silicon oxynitride filmby using a rare gas (Ar or

Kr) and the m xed gas of Na/H2, trapping of electrons and holes in the film
is reduced sharply by setting the partial pressure of hydrogen to 0.5~ or

nore. 25 In the prEsentsdimid | an, (400, dirfscsufdi cdent ddatadde silicon
nitride filmfornmed by the mcrowave-excited plasm exists at |east at the
part contacting t@ Xl ivrfacmhd & his3l)i tsurfarssial B30 uwErBre nsul ation

filmin which a dj r terij S il i film
al um num oxi de fiﬁné]ccﬂt ggrﬁra un%r’gxaledee?%q)l Lrrjsﬁ‘t%gafscne?'ufr\alr{o%(icig{eIE i ]érjnee zi rconi um
oxide film and the like, i%inikmat ech orhd hiti 3t ientbodiintentde fthd ngate - 24

In order to realize the nitride film.af th re i nvention, it is
possi bl e to uge aﬁfajoci%—ro’ﬁf%qfrﬁdp‘? g?c’glé%lcfé tg'beb}ﬁg‘% u*'sratrhsdts%%ﬁ?%st}leow
t enperat ure oxi dgddddnd GBI DY dsid PAAs Yy 1 thd mddidwbreto the

apparatus of FIG 4. For exanple, it is possible to use a plasma processing
apparat us of the a%®-AhR AHFAPRALER IS ViR hatd sy T 3t el el ease

means for rel easidyg@ 885, fOF ©xfiding plasma by a mcrowave and the
second gas release 1o neans different fromthe first gas rel ease neans for

rel easing the NHs (or Nz/HZThgasyilidadDUsKHRIALL ARPL iGABIid THo vwessbrali ng t o

t he present iltave oioln it 15 becones possible to provide a field effect
transi stor of higrﬁt’ulrmdovﬁ'ity, by formng a MS transistor such that the MS
transistor uses a gate inswiatdon dHd adun stdd N Eatsteeddidng silicon
oxynitride filmor a silicon nitride fitlre;H formed on a silicon substrate 20

or a silicon sur NI i SulsstSRTUATSE L X PO URT SR id & ifh, in

such a manner thajad heflig,eghisOBne0BNRELI BAst B eSeULERdLeGHOR raRd thie drain
regi on beconmes substantially coincident to the <110> surface direction. 25
Further, accordi rilawex elyresdint susherthadn, the mresee possiife to

increase the,qurreil ossing chamber is set to about 1 Torr.

Next, the silicon wafer 403 of the <110>
surface orientation is placed on the stage 404 having
a2 heating mechanism as a substrate, and the
temperature of the specimen is set to about 400C.

20 Further, a microwave of 5.45GHz is
introduced into the processing chamber from the
coaxial waveguide 405 via the radial line slot
antenna 406 and the dielectric plate 407, and high
density plasma is induced in the processing chamber.

25 Thereby, the gap between the shower plate 402 and the
substrate 43 is set to about 6cm.

While the present embodiment describes the
example that conducts the film formation by using a
plasma apparatus that uses a radial line slot antenna,

30 the microwave may be introduced by other means.

In high-density excited plasma in which the
Kr gas, Oz gas and the NH3 gas are mixed, Kr* of

intermediate state cause collision with the 0



drivability of a transistor up to five tinmes the current drivability of a
conventional transistor that uses a silicon gate oxide film w thout

m niaturizing 30 the device, by form ng hé8MS transi stor havi ng
particularly a silicon nitride filmon a silicon substrate or silicon
surface having a substantially <110> orientation, for the gate insulation.
film such - 25 that the direction connecting the source region and the

drain regi on coi ngdvesusabsddt ¢12d |y Windd ddfte es1 Hoxy sdnaee sdiaection. As a
result, the MS transistor of the present invention is operable at 5 high
speed without det®Y¥Rat?h@Prhdht eak@lobtrestaratfeeientty, wWhble tthecones

possible to incr . ]ﬁgﬂc b ghs C equengy. d
devi ce breakdomel\a;%ﬁ%%%% : \%ﬁg%F%%%%é(%]g&g@s?fﬁ%%%%t%r% ed
circuit up to fivellices aasodioraospanethoet h t he conventional case. This

means that it _has becone possible to realize a high-speed jntegrated
circuit exceeding a siliconyet iWQ%%‘?ﬁb‘?n ot f a&b%lﬁﬁjtﬁﬁ seni de

transi stor while disfra ©idt Code CMIT HOVAEE- e e L& Ipl P¥md NCFigasé ng 15 the
channel width five tines wthout changing the channel |length of the MS

transistor, it hEARRRAT HAALIPIe 1Q IR thel Aha tomrdepyydance iin | ess as
conpared with th%ﬁ@gﬂﬂﬁnﬁété\ﬂétiﬁ%%ﬂﬁt 4 Ng: fin S1 i SO Pat £, OXi de
filmfornmed on a (10 surface, 20 wthout” sacrificing the current
drivability. Thersbyfade decohedeposty Hie the realicen oxwwipolde i ntegrated
circuit in i.ch t| ower consunption is reduced to 1/4. .Fur . by

i ncreasi ng mé’ ch%lnmﬁ%'{)s%ln%?rh Jfrf%r%a}cn%slsw hout™ c%%gélfngt}f%elgﬁ@nnel wi dt h
inthe MS 25 transtfdes, (1lbecomeBa@oss{ble toureduce dheivaanptoon of
the threshold voltage to 1/2 or less, the 1/f noise to 1/2 or less, and the
thermal noi se to AMEHSYLACHLTHIREREPRD t he conventional MS transistor

that has a silicon gate oxige Jiddn ofb then B0 & 100) Sup{ace g #NaNtor

sacrificing the current drivability. Thereby, a high-precision integrated
circuit can be fothredresenpelnGaiive, it is also possible to use

15 another plasma processing apparatus that enables
formation of oxynitride film at low temperature by
using plasma, in addition to the apparatus of FIG.4.

For example, it is possible to construct
the apparatus by way of the plasma processing

20 apparatus of the foregoing two-stage shower plate
type in which the first gas release means releasing
the Kr gas for plasma formation and the second,
additional gas release means for releasing the oxygen
gas are provided.

25 In the formation of the silicon oxynitride
film of the present invention, the existence of
hydrogen forms one important factor.

As a result of existence of hydrogen in the
plasma, the dangling bonds in the silicon nitride

30 film or at the interface are terminated in the form
of Si-H bond or N-H bond, and as a result, trapping
of electron in the silicon oxynitride film or by the

interface is eliminated. Thereby, it should be noted



5 1. A sem conductor device in which a plurality of field effect
transistors are formed on a silicon surface having substantially a <110>
orientation, 10 characterized in that the fPeld effect transistors are

di sposed on the silicon surface such that a direction connecting a source
region and a drain region of said field effect transistor is coincident to
a substantially <110> direction. 15 2. The sem conductor device as cl ai med

in 20 claiml, whe{fi nethedasd &@Isil@at&ﬂdl%& ajibdid MLoact i ng
silicon is formed of any of a silicon oxide film a silicon oxynitride film

and a silicon niteideltFidenfilis &€ the apresent oAt Hoh ofs acayefhi wwtttiuct or
devi ce i ncl udi ng yeg sl 1, ALY a4 L, 6, 1101 b 811801030, EASISLOLS 0 3

silicon surface i ng su stantially a < >ori Ati o 1n such & manner
that the directi omyxoimsctioy sz:escmuqze:cn;e:gm speridowan dris re rsggwnt off t he

field effect t dent t bst ant <110>
d: (raect ?on?cch iggés%fﬁg%bc‘? rPCrf ncdraoe%?eaﬁ'e trlhesJ}yas[tf%r?{aésziusi rsﬁ Ptrlief?eé%/\{ el d ef fect

transistor is fordmduyrdisi s fTié(Qéjlﬂﬁ&lél{élﬁ%d)ft}@e r B e MRS ANk Ak S
insulation filmform ng gas, the m xed pl asma being fornmed by m crowave

excitation. 10 4.derhel e teditfictiort %@J&EO%I%WO‘ZITW%I%W 3s wherein
said rare gas is foried of; any ofy klr(y»p&gn and jargon.r,and werei gsai d

insulation filmformng gas is any of amoni a, nitrogen oxygen,
forming a silicon oxynitride film by using a rare gas

10 (Ar or Kr) and the mixed gas of 02, N3z/H;, trapping of
electrons and holes in the film is reduced sharply by
setting the partial pressure of hydrogen to 0.5% or
more.

In the present invention, too, it is

15 sufficient that the silicon oxynitride film formed by
the microwave-excited plasma exists at least at the
part contacting to silicon, and thus, it 1s possible
to use an insulation film in which a different
material such as a silicon nitride film, aluminum

20 oxide film, tantalum oxide film, hafnium oxide film,
zirconium oxide film, and the like, is laminated on
the silicon oxynitride film.

In order to realize the oxynitride film of
the present invention, it is possible to use any

25 other plasma processing apparatus that enables low
temperature oxide film formation by using plasma in
addition to the apparatus of FIG.4. For example, it
is possible to use a plasma processing apparatus of
the two-stage shower plate type having the first gas

30 release means for releasing a Kr gas for exciting
plasma by a microwave and the second gas release
means different from the first gas release means for

releasing the 0z, NH3; (or N./H, gas).



15 oxygen, and a m xed gas thereof.
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the (100) surface for the case of N-type. In the case
of P-type, the current drivability has increased by 5

times.
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15 like.

Similarly to the first embodiment, the gate
silicon nitride film of the MIS transistor of the
present invention is realized by the microwave
excited plasma apparatus that uses the radial line

20 slot antenna of FIG.4.

The silicon nitride film is formed as
follows.

First, the vacuum vessel (processing
chamber) 401 is evacuated to a vacuum state and a Kr

25 gas, a NHi gas is introduced from the shower plate
402 such that the pressure of the processing chamber
is set to about 1 Torr.

Next, the silicon wafer 403 of the <110>
surface orientation is placed on the stage 404 having

30 a heating mechanism as a substrate, and the
temperature of the specimen is set to about 400°C.

Further, a microwave of 2.45GHz is

introduced into the processing chamber from the



| X# 1098 ()- 'a# 109&' ()- f! 109& ()-, ------- {\=! 1010% ()-y10%: ()-s 10
10 10f° 9109%& ()-!X1109%&' ()- !\ 110%9& ()- ../\0012wU3{\=!a, 10%m& ()-!f,
109 ()-1, 10%b& ()-!'1F 109 ()-!S F 109&22) =1 SF

10% () - 23, 4- 4. 4] 404641 4r SA! | 109%&’ ()- 10% ()-f10% ()-s 10 10 10!f,

109& ()-1f, 109& ()-14n44595F55b@ S4! 11 fs109& ()-ff10% ()-fL10%& () -

109& () -

109%6& () - @O%& ()cnnbb17 L3R it dd #DY& {3 -l & 1O {) - S 109 {4 - f 109& () - f
109%&' ()-310%& ()-88 9599# Q R }[ <14 10f 9310%& ()-! S4109%& ()-f9310%& ()-f1
109 ()-!9S) 10%&' (dnten)a o¥ed &rd -t Sl ledtric ‘oIN@4VE: (dndihigh

109 () - 100& 9% o
gl Y e ataa AR AL P (i %% (2 3517 AR - s

18:;?&] ?;(653;3 zrhww”? %m@~I é(étwe‘léﬂ/&l'(é - @@ (I | £0Dbardd IR ) - @
10@910%& () - 7109 D@ /%H(ﬁ %tlo*%a(kaou@ﬁ% ()-f,010% ()- @@ Ai BBYC

DoMt/ ! al - 10%N\ u\ & () - 2! f | -wrlO0& \ ek dneLddd "o Qe aes the
10%iu& ()-2!Sl - 10%gg& ()-2 10% & ()- 10 DDEElI FFFWU3+/!all- 10%& ()-2!\I-
10%p& ()-2!kl - 1oAnRl € )that compdagies (hhe! Film 1pmgngyion fhy using a

o .
10% & ()~ 10% & L G ItBE 170 10 &5° 20745 Th- HIT I Th95 R L
10% & ()-L10% & (ﬁhéSZﬁIJO%oﬁéa(\)e 090 (IntNgluced by other means
109%& ()-!, 1096 & ()- *JJJZK Vdal 1 L. 10% & ( % & ( O%ﬁ&' -f, &10
% & ()-S % 10% & () -, llO% Bﬁémdﬁ?é)\iﬁsp&ﬂa@ V& ’% > 10:
Kr gas and the NH3; gas are mixed, Kr* of 1ntermed1ate
excitation state cause collision with the NHj3
molecules and NH* are formed efficiently, while the
radicals thus excited cause the nitridation of the
15 silicon substrate surface.
In such nitridation of the silicon surface
that uses microwave-excited plasma, there appears
almost no surface orientation dependence on the
growth rate of the nitride film. Further, the surface
20 state density at the silicon nitride film/silicon
interface is low in any of the (100) surface, (111)
surface, (110) surface, or in any of other surface
orientations. -
In order to realize the nitride film of the
25 present invention, it is also possible to use another
plasma processing apparatus that enables formation of
nitride film at low temperature by using plasma, in
addition to the apparatus of FIG.4.
For example, it is possible to construct
30 the apparatus by way of the plasma processing
apparatus of the foregoing two-stage shower plate
type in which the first gas release means releasing

the Kr gas for plasma formation and the second,
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10 of electron in the silicon nitride film or by the
interface is eliminated. Thereby, it should be noted
that existence of Si-H bond or N-H bond in the
nitride film of the present invention is confirmed by
measurement of infrared absorption spectrum and X-ray

15 electron spectroscopic spectrum.

As a result of existence of hydrogen, the
hysteresis of the C-V characteristics is eliminated
and the interface state density at the
silicon/silicon nitride film is suppressed to 3 x

20 10%m™ or less. In the case of forming a silicon
oxynitride film by using a rare gas (Ar or Kr) and
the mixed gas of Nz/Hz, trapping of electrons and
holes in the film is reduced sharply by setting the
partial pressure of hydrogen to 0.5% or more.

25 In the present invention, too, it is
sufficient that the silicon nitride film formed by
the microwave-excited plasma exists at least at the
part contacting to silicon, and thus, it is possible
to use an insulation film in which a different

30 material such as a silicon oxide film, aluminum oxide
film, tantalum oxide film, hafnium oxide film,
zirconium oxide £f£ilm, and the like, is laminated on

the silicon nitride film.
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plasma by a microwave and the second gas release
10 means different from the first gas release means for

releasing the NH; (or N2/Hz gas).

INDUSTRIAL APPLICABILITY

According to the present invention, it

15 becomes possible to provide a field effect transistor
of high mobility, by forming a MIS transistor such
that the MIS transistor uses a gate insulation film
of a silicon oxide film, silicon oxynitride film or a
silicon nitride film, formed on a silicon substrate

20 or a silicon surface having substantially a <110>
surface orientation, in such a manner that the
direction connecting the source region and the drain
region becomes substantially coincident to the <110>
surface direction.

25 Further, according to the present invention,
it becomes possible to increase the current
drivability of a transistor up to five times the
current drivability of a conventional transistor that
uses a silicon gate oxide film, without miniaturizing

30 the device, by forming the MIS transistor having
particularly a silicon nitride film on a silicon
substrate or silicon surface having a substantially

<110> orientation, for the gate insulation film, such
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the product of high-frequency cutoff frequency and
device breakdown voltage (fT.BVbd product) of a
silicon CMOS integrated circuit up to five times as
10 compared with the conventional case. This means that
it has become possible to realize a high-speed
integrated circuit exceeding a silicon germanium
transistor or a gallium arsenide transistor while
using a silicon CMOS device. Further, by increasing
15 the channel width five times without changing the
channel length of the MIS transistor, it becomes
possible to reduce the device area by 1/2 or less as
compared with the conventional MIS transistor having
a silicon gate oxide film formed on a (100) surface,
20 without sacrificing the current drivability. Thereby,
it becomes possible to realize a low power integrated
circuit in which the power consumption is reduced to
1/4. Further, by increasing the channel length five
times without changing the channel width in the MIS
25 transistor, it becomes possible to reduce the
variation of the threshold voltage to 1/2 or less,
the 1/f noise to 1/2 or less, and the thermal noise
to 1/2 or less as compared to the conventional MIS
transistor that has a silicon gate oxide film on the
30 (100) surface, without sacrificing the current
drivability. Thereby, a high-precision integrated

circuit can be formed.
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1. A semiconductor device in which a
plurality of field effect transistors are formed on a
silicon surface having substantially a <110>
orientation,

characterized in that the field effect
transistors are disposed on the silicon surface such
that a direction connecting a source region and a
drain region of said field effect transistor is

coincident to a substantially <110> direction.

2. The semiconductor device as claimed in
claim 1, wherein the part said gate insulation film
contacting silicon is formed of any of a silicon
oxide film, a silicon oxynitride film and a silicon

nitride- £ilm. ~

3. A fabrication method of a semiconductor
device including therein a plurality of field effect
transistors on a silicon surface having substantially
a <110> orientation in such a manner that the
direction connecting a source region and a drain

region of the field effect transistor is coincident



f. 10938 () - SF10%4& ()- P 2g\= 10! S3(-10%4& ()-!f %
1096 Hf H& () - SS! @0%H& () -gSS - 10%4& () - @0% Hf H& () - SL0%& () -, _vwaB7=
10 10HS7&10%H& () - ! X41096KX& () - SS&3- 10%-& €Y- 51

109%4&' () - SY. 10%4& () -z, 10%4& () - wxynmN f L10%H&' () - S10%H& () - &10%4&' () - s
10948 () - YMLO%H&' () - MLO%H& ()- 10H 10HH} :

cDMV f L10% #1094 () - f 10%4&' () - S10%4&' () - S10%4& () - SS- 10%4&' () -

\ @O%& () - @?Kw°4hxiQ5Ziﬁ&@téﬁt£HP¥& <110> direction,

1096KHXHE' () - SS3- 10%4&8 () - 110%4&' ()™-, 10%&' ()-'X‘V&O%(I—IXH& ()-g! Enmrk/

10S! Lgl0% +z+& ()-f, 10%& (GhauComtqyized oop: ¥hats ML oY )Ln Sl A sdEK/

10, 10%&' ()-, 10% Ve ( % ( 10%& O)-
109& () - 109%& () - ﬁfdb}é“‘ ]‘%’%‘g%& %%@Qlfocy& Qgtr(a)ngﬂ‘gt%#lg gdﬁun;‘gtg 131" " Headi ng
23] ¢c" "Headi ng 33]smn<j’ He athi xeg 4B <’ 'plammjlcn@ bHar'e "ddendinm) B8] c " Headi ng
73] c" "Headin 83] c" "Heading 93]c"A. Def aul t Paragra

Font 76" 157-0h P RRHAALTE LeP Capa b e §35 P E% @

" f#% @*, . 2l 458%emg°@d15ndtﬂ* By QINRRSIM: oY 6A ation.

“Jabpef hk: nsqs-uvxy {} N +(w; 6Ti nes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent r I"#SYR () *+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

10
4., The semiconductor device as claimed in
claim 3, wherein said rare gas is formed of any of
krypton and argon, and wherein said insulation £film
forming gas is any of ammonia, nitrogen/oxygen,

15 oxygen, and a mixed gas thereof.



