Description Process for Producing Silicon Conpound Technical Field [0001]
This invention relates to a process for producing a silicon conpound, nore
particularly, that wuseful when applied in formng a netal silicide for
use, for exanple, in an electrode of an MOS transistor. Background Art
[0002] Fig. 4 is an explanation drawi ng showi ng an MOS transistor
conceptually. As shown in this drawing, the MOS transistor has two
p-regions formed on ann-type silicon substrate 04, a source el ectrode 01
and a drain electrode 02 formedpiBct-herigspective p-regions, and a gate
el ectrode 03 forned on the n-type silicon substrate 04 via a gate
insulating filmO05 whichis a SIQ film Such an MOS transistor having a
NiSi film forned as the source electrode 01, the drain electrode 02 or
-the gate el ectroder@3dcies sprigiticedod10003] din. itdws caspouheat treatnent at
450C i s necessary for silicidization of Ni. However, N which has been
deposited for the Terhmticel ofidNL&i, or an inpurity wth which a

sem conduct or has been doped, nmay be diffused to cause defects in device
manuf act uri hg008¢ THésernoieatl opl of eéhaegctter it E8cefe0d2r To sol ve such

probl ens, the follow ng . conplicated process has been_proposed: Flrst heat
1 producing a'silicon compound, more particuilarly, tha

useful when applied in forming a metal gilicide for
use, for example, in an electrode of an MOS transistor.
Background Art
[0002] Fig. 4 is an explanation drawing showing an MOS
transistor conceptually. As shown in this drawing,
the MOS transistor has two p-regions formed onann-type
gilicon substrate 04, a source electrode 01 and a drain
‘electrode 02 formed in the respective p-regions, and
a gate electrode 03 formed on the n-type silicon
gsubstrate 04 via a gate insulating £ilm 05 which is
a 810, £ilm. Such an MOS transistor having a NiSi film
formed as the gsource electrode 01, the drain electrode
02 or the gate electrode 03 is produced.
[0003] Inthiscase, heat treatment at 450°Cisnecessary
for silicidization of Ni. However, Ni which has been
deposited for the formation of NiSi, or an impurity
with which a semiconductor has been doped, may be
diffused to cause defects in device manufacturing, or
deterioration of characteristics.
[0004] To solve such problems, the following

complicated process has been proposged: First, heat



treatnment at 400C is performed to forma m xture of a nickel-rich
silicide, such as Ni2Si, and Si at the desired site (gate el ectrode
portion) . Surplus Ni is renoved by wet etching, and then heat treatnent
at 450C is performed to formconplete N Si. [0005] Such a process invol ves
the problens that the nunber of steps is large, and the treating
tenperature is still high. The higher the treating tenperature, the nore
likely it is that problens will occur, such as the degradation of

per for mance, of e OB, LaRskStar L qyet 4 he, S 1ys) og, ol e doped

i mpurity or eterioration of “rnsulation in gate rnsdlating film

05. [0006] Jheidwpblowipg ane iRreeeNts@ShdQSURENSS, ghackoshpgchhe
above- descri bed conventional technol ogi es: [0007] Patent Document 1:

Japanese Unbxanieaeds Paéenfatfubl é€atbas Porc2009-.01800%1Rat ent i Bocunent  2:
Japanese Unexam ned Patent Publication No. 2004-165627 Patent Docunent 3:

Japanese PateibdvEaldy watiofchNag , 1997 +0=30A3aDi sedosMeatadt k@ bnvent i on
Problems to be solved by the invention [0008] The present invention has
been acconpid spredfpnmeghed ifgtm of onhe edlgoVt-Hescri bed conventi ona

technologies. It is an object of the invention to
[0005] Such a process involves the problems that the

number of steps is large, and the treating temperature
ig still high. The higher the treating temperature,
the more likely it is that problems will occur, such
as the degradation of performance of the MOS transistor
due to the diffusion of the doped impurity or the
deteriorationof insulation inthe gate insulating £ilm
05.
[0006] The following are present as documents
digclosing the above-described conventional
technologies:
[0007] Patent Document 1: Japanese Unexamined Patent
Publication No. 2005-019705

Pétent.Document.Z: Japanese Unexamined Patent
Publication No. 2004-165627

Patent Document 3: Japanese Patent Publication
Ne. 18597-05%013

Disclosure of the Invention

Problems to be solved by the invention
[0008] The present invention has been accomplished in
the light of the above-described conventional

technologies. It is an object of the invention to



2 provide aprocess for producing a silicon conpound which can mnimze the
nunber of steps and can forma desired conpound in a | owtenperature
environnment. Means for Solving the Problens [0009] A first aspect of the
present invention, for solving the above problens, is a process for
producing a silicon conpound, conprising: allow ng a radical of a hal ogen
gas to act on a nenber to be etched, which is disposed within a chanber

as a vacuumvessel and is fornmed of a nmaterial containing an el enent

capabl e of %96‘{?&'&% 2o YTRUNF WAL R 1 MGl £ 1 KESRId U %Wﬂ%at 2

relatively high tenperature, t0 forma gas of a precursor, is a

conpound of cahhei dbavecnBkeriahoan G £ Be Hal agencaRotSiAG acsubsld ate _
accomodated within the chanber at a relatively |ow tenperature, with a S

interface ototnpeusiwdbsitit af 1 ber bgmexpesat;e tonallsonhentthe precursor onto the
Si interface of the substrate; and then allow ng the radical of the
hal ogen gas to acleenst Hompreclvysog atdsorbedlost® the Si interface to
reduce the precursor, thereby producing a conpound of the above materi al
and Si. [0010P0ARIsBcEadsaspeme®? ehetprepamtsanivemyventionthdorir st
Ao, O B g R AV DL SR o P pPecaea For producing
a silicon compound, comprising:
allowing a radical of a halogen gas to act on
amember to be etched, whichisdisposedwithina chamber
~asavacuumvessel and is formedof amaterial containing
an element capable of forming a compound with Si, while
keeping the member at a relatively high temperature,
to form a gas of a precursor, which is a compound of
the above material and the halogen;
holding a substrate accommodated within the
chamber at a relatively low temperature, with a Si
interface of the substrate being exposed, to adsorb
the precursor onto the Si interface of the substrate;
and
then allowing the radical of the halogen gas
to act on the precursor adsorbed onto the Si interface
to reduce the precursor, thereby producing a compound
of the above material and Si.
[0010] A second aspect of the present invention is the
first aspect, characterized in that

the member to be etched is Ni, and

NiSi is produced at the 81 interface.



Ni Si is produced at the Si interface. 3 [0011]] A third aspect of the
present invention is the first aspect, characterized in that the nenber to
be etched is Ni, and an incubation tine, which is a difference between
times of production of a N conpound of the precursor in a SiQ2 region and
a Si region, is utilized to produce NNSi only at the interface of the S
region of the substrate having a surface where the SiQ2 region and the S
region are exposed and coexistent. [0012] A fourth aspect of the present

invention igo@ny] RnenofqatdepbbEstrionthbirdsaspechsenthapcierhaed in that
an electrode of an MOS transistor is formed from N Si produced at the

silicon inteffaceasp@Rt3] dhdtrdtheaspect iof tipec present invention is the
first aspect, characterized in that the nmenber to be etched is graphite,

and an el ectrode ofhanmiiBetrr ansilsd ogt cheborimediif r cmd Si C produced at the
silicon interface. [0014] A sixth aspect of the present invention is the
first aspect, charaetéenrzédtiien Hatme hewhegberis & béi efehedces Fe, and a
p-type layer or an n-type layer of a solar cell is fornmed fromFeS
produced atPehéesn Fapest ade PrEiretisnoP ft Re Nihvagmpenand of the

precursor in a Si0O; region and a Si region, is utilized
to produce NiSi only at the interface of the Si region
of the substrate having a surface where the §i0, region
and the Si region are exposed and coexistent.
[0012] A fourth aspect of the present invention is any
one of the first to third aspects, characterized in
that

an electrode of an MOS transistor is formed from
NiSl produced at the silicon interface.
[0013] A fifth aspect of the present invention isg the
first aspect, characterized in that

the member to be etched is graphite, and

an electrode of an MOS trangistor is formed from
SiC produced at the silicon interface.
[0014] A sixth aspect of the present invention is the
first aspect, characterized in that

the member to be etched 1s Fe, and

a p-type layer or an n-type layer of a solar
cell is formed from FeSi produced at the Si intexrface.

Effects of the Invention
f0015] According to the present invention, a desired

siliconcompoundisprodudedbyaspecificCVDapparatus



[ 0015] According to the present invention, a desired silicon conpound is
producedbya specific CVD apparatus 4 which utilizes the etching reaction
of the menber to be etched, the adsorption reaction of the precursor
formed by the etching reaction, and the reduction reaction of the adsorbed
precursor. Thus, the silicon conpound can be produced at a | ow
tenperature. Consequently, if a gate filmor the like of a transistor 1is
to be produced, in particular, a thin filmof the desired silicon conpound

can be prodygedn Wthiizks teharacipiigticscfies brophdehernbaration. If a Si
interface and Si QRare coexistent, in particular, NiSi can be selectively

grown at theeSktbntarf &t adiSrpt dofoveaetdlerigpdehangracdraobr el ectrode
of an MOS transistor can be easily and efficiently formed. [0016]

Fur t her nor efoumkdkeyt tdrec anveint ngnak acttdechmol aagdl eshet eraidtsig need for a
separate step, such as renoval of the unnecessary portion, after heat
treat nent ixeaohpbeted thicedrdivhgld/prekrarscoductltors . ¢hea heléompound
concerned can be perforned efficiently. Brief Description of thHe Draw ngs
[0017] [Fi gcomPorsda chtoite weArseRdmati Gallsw sheWwPfgatai sapparatus for use

in a process fgé ﬁrodﬁfingfa sikic 0. conEound,accordiﬁg to,ag enbodi ment
of the presertSefHGBAtYonlL[5FE§! 62%3 8 o thept LGt oA i aFhgtSkow ng t he

is to be produced, in particular, a thin film of the
desired silicon compound can be produced, with its
characteristics free from deterioraticon. If a Si
interface and Si0; are coexistent, in particular, NiSi
can be gelectively grown at the Si interface. Thus,
a source electrode and a drain electrode of an MOS
transistor can be easily and efficiently formed.
[0016] Furthermore, unlike the conventional
technologies, there is no need for a separate step,
such as removal of the unnecessary portion, after heat
treatment is completéd. Accordingly, the production
of the compound concerned can be performedefficiently.

Brief Describtion of the Drawings
[0017] [Fig. 1] is a front view schematically showing
an apparatus for use ina process for producingasilicon
compound according to an embodiment of the present
invention.

[Fig. 2] is an explanation drawing showing the
coexistence of a Si interface and a Si0O, surface
conceptually.

[Fig. 3] is a graph showing the formation



coexistence of a Si interface and a SiO2 surface conceptually. [Fig. 3] is
a graph showing the formation 5 characteristics of a N filmat the S
interface and the SiQ2 surface. [Fig. 4] is an explanation drawi ng show ng
an MOS transistor conceptually. Description of the Reference Numerals
[0018] 1 Chanber 3 Substrate 8 Plasma antenna 11 Menber to be etched 21
Acting source Best Mdde for Carrying Qut the Invention [0019] An

enbodi ment of the present invention will now be described in detail based

on the accompapy-RE iAW NGsr The desGy ipt i of;i tiiseerhedi gRAt is
illustrative, and the features of the present invention are not limted to
the foll ow figedesori ptitr®Bce.[0020] Fig. 1 is a front view show ng
schematically an apparatus which realizes the process for producing a
silicon conmpound aCEbgdi ay ie sheegphadianenin afrdiieng pslesehhg aventi on
Prior to an explanation for the process according to the present
enbodi nent ,\M@Betrappacdtus awidebrudéder.i bed. [0021] As shown in Fig. 1, a
support base 2 is provided
Degcription of the Reference Numerals
[0018] 1 Chamber
3 Substrate
8 Plasma antenna
11 Member toc be etched
21 Acting source
Best Mode for Carrying Out the Invention
[0018] An embodiment of the present invention will now
be described in detail based on the accompanying
drawings. The description of this embodiment is
illustrative, and the features of the present invention
are not limited to the following description.
[0020] Fig. 1 is a front view showing schematically
an apparatus which realizes the process for producing
a silicon compound according to the embodiment of the
present invention. Prior to an explanation for the
process according to the present embodiment, the
apparatus will be described.
[0021] As shown in Fig. 1, a support base 2 is provided
in the wvicinity of the bottom cf a chamber 1 formed
in a cylindrical shape and made of, for example, a

ceramic {made of an insulating material). A substrate

3 is placed on the support base 2. An intexface of



in the vicinity of the bottomof a chanber 1 formed in a cylindrical shape
and nmade of, for exanple, a ceramc (made of an insulating material) A
substrate 3 is placed on the support base 2. An interface of 6 Si is
exposed at the upper surface of the substrate 3. [0022] A tenperature
control neans 6 equipped with a heater 4 and a coolant flow neans 5 is
provided in the support base 2. The support base 2 is controlled to a
predeterm ned tenperature (for exanple, a tenperature at which the

substrate 3gis;gabRpaieed At + A0 0. 300Gk fhvd her tamperabureagant rol means
6. [0023] The upper surface of the chanber 1 is an opening portion, and

t heopeni ngporti oni scl osedwi thaceiling plate 7 which is a plate of an
insulating material (for exanple, a ceramic). A plasna antenna 8 for

pl asmati zi nfoohe] i At eehperafutrdee cehandel medss ps ovipdedpeabavent e ceiling
plate 7, and the plasma antenna 8 is forned in the shape of a flat ring
paral | el tohi¢dberpt @ared of cood.agdl Ifilvy plestres B 1A pubohidegl dir chet 9 and a
power supply 10 are connected to the plasma antenna 8 to supply a high
frequency ciHPRAYC PREepPasnBneaflPmesr 8 basr hetcHorteptéart t9, and the

power suppl 10 _constitute a plasma generation neans for generating an
i nductive d%d%ﬁﬁdeF86ﬂ$F%QrﬁﬁﬂEﬁI%EuFS He Bt FePhBi cR i s forned of

temperature at which the substrate 3 is maintained at
100 to 300°C) by the temperature control means 6.
[0023] The upper surface of the chamber 1 is an opening
portion, andthe openingportionisclosedwithaceiling
plate 7 which is a plate of an insulating material (for
example, a ceramic). A plasma antenna 8 for
plasmatizing the interior of the chamber 1 isg provided
above the ceiling plate 7, and the plasma antenna 8
is formed in the shape of a flat ring parallel to the
plane of the ceiling plate 7. A matching circuit 9
and a power supply 10 are connected to the plasma antenna
8 to supply a high frequency current. The plasma
antenna 8, the matching circuit 9, and the power supply
10 constitute a plasma generation means for generating
an inductive plasma.

[0024] A member 11 to be etched, which is formed of
a material containing an element capable of forming
a compoundwith Si, isheld in the chamber 1. The member
11 to be etched is disposed in a discontinuous state,
with respect to the flow of electricity of the plasma

antenna 8, between the substrate 3 and the ceilingplate



a material containing an el ement capable of formng a conpound with Si, is
held in the chanber 1. The nenber 11 to be etched is disposed in a

di sconti nuous state, wth respect to the flow of electricity of the plasna
antenna 8, between the substrate 3 and the ceiling plate 7 7. For exanple,
the nenber 11 to be etched conprises rod-shaped protrusions 12 and a ring

portion 13. The ring portion 13 is provided such that the protrusions 12

extend toward the center of the chanber 1. Because of this configuration,

the menber 41 tpope-£ifped i Shel Hefbel! h!@tEBaﬂ;éYeQ&ﬁégﬂé&H?Q'ﬁe%t ate with
respect to a circunferential direction which is the direction of flow of

el ectricit yrof - shapeldapie raniLitas 8.2 [RR3] rAndpgericd adhiigh t hreemenber to
be etched is forned Ilike a lattice or like a network is conceivable as a
conf iguratring porwhoahlshes mendet déd dechtched tlebhsodightisibako a

di sconti nuous state with respect to the flow of electricity of the plasm
antenna 8. JoG26]enplugwdidydiec neztiass o4 ther chappleyi hg aBeastiseg gas (Cl2
gas) 21 containing G as a halogen to the interior of the chanber 1 are
connected ($brtekanpPeiionradiight. |Hramensert b Fochei ehshadeishown in the

drawi ng), w th equal aggcing inp the circunferential _direction, to the
peri phery of?thé a3 pbY 1 FHPCORE IPNO UEh EvBee Y i&BoVESPRE theRber 11 to

be et ched. altzaécihrc@r]rclféggnggéil 8§Lrjédétlisor1c % J,Vgl‘f rJ]_st Qﬁect%%rg%%i%]ﬁ \élfa a flow

flow of electricity of the plasma antenna 8.

[0025] A mode in which the member to be etched is formed
like a lattice or like a network is conceivable as a
configurationinwhichthemember tobe etchedisbrought
into a discontinucus state with respect to the flow
of electricity of the plasma antenna 8.

[0026] Apluralityofnozzles 14 for supplyinganacting
gas (Cl, gas) 21 containing Cl as a halogen to the
interior of the chamber 1 are connected (for example,
at eight locations; two locations are shown in the
drawing}, with egual spacing in the circumferential
direction, to the periphery of the tubular portion of
the chamber 1 above the member 11 to be etched. Each
of the nozzles 14 is fed with the Cl; gas 21 via a flow
rate controller 15 which controls the flow rate and
Pressure. The flow rate controller 15 controls the
amount of the Cl, gas 21 supplied into the chamber 1,
thereby controlling a gas plasma density within the
chamber 1.

[0027] Substances, such as a gas which does not take



rate controller 15 which controls the flow rate and pressure. The flow
rate controller 15 controls the anmount of the Cl2 gas 21 supplied into the
chanber 1, thereby controlling a gas plasma density within the chanber 1.
[ 0027] Substances, such as a gas which does not take 8 part in the
reaction, are discharged through an exhaust port 18. The interior of the
chanber 1 sealed by the <ceiling plate 7 is maintained at a predeterm ned
degree of vacuum by evacuation using a vacuum device 19. [0028] Fluorine,

brom ne andpiodiinetaan-becapbhi, eshr-asii A H2-§88% AN Gh RedekAatiBe acting
gas. In the present enbodi nent, an inexpensive Cl2 gas is used as the

hal ogen, wherebystherhgnihbgraost ogagshbechamweadl 8@A%d By taem a silicon
conpound on the substrate 3 with the use of such an apparatus, the Cl2 gas
21 is suppterdihg pletem esinmintaihedcdaaberedethrougied Gegreezzl es 14,
and a high frequency el ectromagnetic wave is thrown by the plasma antenna
8 into the ehawbenun byBewpcdebhgh Usé NQL2E gaxscRUni devdniczeldP t 0 generate a
Cl2 gas plasm 23, genenatin% C radicals. [0030] Here, the gas plasma 23
acts on thelfRABérFitorigepebacetas arkiowli st RBPHEMSERAS11 to be

etched, and_causing an etching reaction to the nenber_ 11 to be etched.
Upon this et dfiiEs éﬁqwnﬁgﬁéﬁtﬁa%%ﬁ%' 241 EhEPHeESHAi ch is a

Conpound(ﬁeéggdiment,aninexpensiveClggasisusedasthehalogen,

whereby the running cost can be reduced.

[0029] To form a silicon compound on the substrate 3
with the use of such an apparatus, the Cl,; gas 21 is
supplied to the interior of the chamber 1 through the
nozzles 14, and a high frequency electromagnetic wave
ig thrown by the plasma antenna 8 into the chamber 1.
By so doing, the Cl; gas 21 is ionized to generate a
Cl; gas plasma 23, generating Cl radicals.

[0030] Here,‘the gas plasma 23 acts on the member 11
tobe etched, thereby heating the member 11 to be etched,
and causing an etching reaction to the member 11 to
be etched. Upon this etching reaction, a gaseous
precursor 24 is formed which is a compound of the
material for the member 11 to be etched and C1l.
[0031] The precursocr 24 is adsorbed onto the surface
of the substrate 3 which is at a lower temperature than
the temperature of the member 11 to be etched. C1
radicals act on the adsorbed precursor 24 to reduce
it. As a result, a compound of Si with the material

for the member 11 to be etched is produced on the



material for the menber 11 to be etched and C. [0031] The precursor 24 is
adsorbed onto the surface of the substrate 3 which is at a | ower
tenperature than the tenperature of the nenber 11 to be etched. C

radi cal s act on the adsorbed precursor 24 to reduce it. As aresult, a
conpound of Si with the material for the nmenber 11 to be etched is
produced on the 9 substrate 3. [0032] If the nenber 11 to be etched is
formed of Ni, N Si can be produced on the substrate 3. If, during
production §ipNi-Sht+ea 35102 filmand a Si interface are coexistent on the
surface of the substrate 3, as shown in Fig. 2, a NS filmis selectively
formed at theo3%1 [ntenéagsembEli $1i scbpeavsenthe ikaterafed erfmation of the
Ni Si filmgreatly differs, depending on whether the NiSi filmis formed on
Si or it isNisinednoheSp@dducHiaton haswhwwnats Bi.g. I8, fukrdnkor mati on on
Si02 starts only after a | apse of a predeterm ned incubation tinme to, and
the rate ofpfpinctdomatifoNisn ,Sh021i0s iohin aafd er Sit dnt eaff afdd arfeor mat i on.
[0033] If the incubation time to is utilized, and if it is attenpted to
conpl et e fiFAFKSEHENTOANILRE NYE hge @fﬂld‘iﬂfbﬁ‘-@?ﬁtﬂf%et?o alﬁi 8ho#an be formed

sel ectively, onlg at the Si_interface. Even if the Ni mlsforrred on
Si 02, the ah®uRtdof it & ﬂ%rsrf‘atﬁjo}fnl %Svﬁﬁ}eécﬁd-l"ie ‘éoﬁ%?%ﬁ @t fP€hat of the
NS film ghulﬂteg%a I. E@ls is because the rate of formation

of the NiSi film greatly differs, depending on whether
the NiSi film is formed on Si or it is formed on SiQ,.
That is, as shown in Fig. 3, film formation on SiO0
starts only after a lapse of a predetermined incubation
time ty;, and the rate of film formation on Si0,; is low
after start of film formation.

[0033] If the incubation time t; is utilized, and if
it is attempted to complete film formation during this
incubation time t,, Ni8i can be formed selectively only
at the Si interface. Even 1f the Wi f£ilm is formed
on Si0,, the amount of its formation is wvery small
compared with that of the NiSi film. Thus, the Ni film
on Si0, can be removed easily.

[0034] In the substrate 3 where the Si interface and
the 8i0,; surface are coexistent, as noted above,
gselective growth of the NiSi film at the 8i interface
can be achieved. This is & major characteristic of
the present invention.

[0035] According to the above-described embodiment,

the desired silicon compound can be produced on the

10



on Si 02 can be renoved easily. [0034] In the substrate 3 where the S
interface and the Si02 surface are coexistent, as noted above, selective
growh of the NiSi filmat the Si interface can be achieved. This is a
maj or characteristic of the present invention. [0035] According to the
above-descri bed enbodi nent, the desired silicon conpound can be produced
on the 10 substrate 3 by selecting, as appropriate, the material for the
menber 11 to be etched. Thus, some nethods for producing concrete silicon

conpounds Wlihcheatdesady bed s Wk Kiaga 8xamR 8% + 4 0038] msEkhsty 1Exanpl e>
This exanple is an exanple in which NiSi 'I's “produced as the source

el ectrode Ofoan@hehecdiain 1€l e6t pedet@aeaf. t hewddS dsmashstapaghown in
Fig. 4. The substrate 3 inthis case is in a state in which a SiQ film

is formed ofioa ProsulsitrataynandttheiSiikdbn fédmpatingist ed Mhese t he source
el ectrode 01 and the drain electrode 02 are to be forned is renoved, with
the Si intedtaceibeidng exposketngt etkhgpd esites. The substrate 3 of such a
configuration is_placed on the support base 2 within the chanber 1 of the
apparatus &hedAli RFErg§t Examoters tine, the member 11 to be etched is

formed of N . [OOS?L_UBin%_such an apparatus, the Cl2 gas,Zl IS
This example 1s an example in which NiSi is

produced as the source electrode 01 and the drain
electrode 02 of the MOS transistor shown in Fig. 4.
The substrate 3 in this case is in a state in which
a S5i0, film is formed on a Si substrate, and the Si0,
film at sites where the source electrode 01 and the
drain electrode 02 are to be formed is removed, with
the Si interface being exposed at these gites. The
substrate 3 of such a configuration is placed on the
support base 2 within the chamber 1 of the apparatus
shown in Fig. 1. At this time, the member 11 to be
etched is formed of Ni.

[0037] Using such an apparatus, the Cl; gas 21 is
supplied to the intericr of the chamber 1 through the
nozzles 14, and a high frequency electromagnetic wave
is thrown by the plasma antenna 8 into the chamber 1.
By so doing, the Cl,; gas 21 is ionized to generate the
Cl,gasplasma 23 andgenerate Cl radicals. Asaresult,
the following reactions are caused within the chambexr
1, whereby the source electrode 01 and the drain
electrode 02 each comprising the Ni8i f£ilm at the Si

interface can be formed.

11



supplied to the interior of the chanber 1 through the nozzles 14, and a
hi gh frequency el ectromagnetic wave is thrown by the plasma antenna 8 into
the chanber 1. By so doing, the Cl2 gas 21 is ionized to generate the Cl2
gas plasma 23 and generate C radicals. As a result, the follow ng
reactions are caused within the chanber 1, whereby the source el ectrode 01
and the drain electrode 02 each conprising the NNSi filmat the S
interface can be forned. 11 [0038] (1) Etching reaction By the action of
a* radical gpothe Q@bIQMt@gl t ghifng-1&qction of the nenber 11 to be etched

proceeds: Ni(s) + O* - (g) ... (1) [0039] The above formula (1)
shows a state in V\@ycﬁheN'adtslcfﬁ chedow tflaabea%s RIS i, 2o £hGOr i ne
radicals d*) to formthe precursor (N C) As “not ed ‘above, "t he gas

pl asma 23 |stghmagakﬁd:tionhﬁhthéh&mﬂ@abﬂﬂ.ﬂélﬁaebeheﬁqhedcééde .exanpl e, at
300C to 700C) , while the tenperature of the substrate 3 is kept at a

t enperat ure Iomer ¥haén)t he tiénperdiaiég)of. the(menber 11 to be etched (for
exanple, at a erat ure of 1OOCt0300C3 by the tenperature control neans
6. [0040] (b@o%\%%o Bei dhoveefeimion) (} bagbiows aUfderte hbnawbieht enper at ure

condi ti ons, the follg¥n nq adsorption reaction of the precursor 24
Ni. 18 etched with the gas plasma 23 (chlorine radicals

Cl") to form the precursor (NiCl) 24.

Ag noted above, the gas plasma 23 is generated
to heat the member 11 to be etched (for example, at
300°C to 700°C) , while the temperature of the substrate
3 is kept at a temperature lower than the temperature
of the member 11 to be etched (for example, at a
temperatureof 100°Cto 300°C) by the temperature control
means 6.

[0040] (2) Adsorption (deposition) reaction

Under the above temperature conditions, the
following adsorption reactionlof the precursor 24
proceeds: |

NicCl (g} — NiCl{ad) ... (2}

[0041] (3) Reduction reaction

NiSi is produced by the following reducing
action of chlorine radicals C1%:

NiCl(ad) + C1* — Wisi(s) + c1,T ... (3)
[0042] In the above formulas (1) to (3), the symbol
g denotes a solid state, g denotes a gaseous state,
and ad denotes an adsorbed state.

[0043] <Second Examplex

i2



proceeds: NNCd(g) -* Nd(ad) ... (2) [0041] (3) Reduction reaction N S
is produced by the follow ng reducing action of chlorine radicals C *:
NiCl(ad) + d* -> NiSi(s) + C12T ... (3) [0042] In the above formulas (1)
to (3), the synbol s denotes a solid state, g denotes a gaseous state,
and ad denotes an adsorbed state. [0043] <Second Exanple> 12 This exanple
is an exanple in which the gate electrode 03 of the MOS transi stor shown
in Fig. 4 is formed. The substrate 3 in this case is in a state in which

a Si interface, suehiascR@ysid i £ON:HOExat@ 1PNy 10ffhengatg @l ectrode
03, is exposed. This substrate 3 is placed on the support base 2 within

the chanmbeslédcetboliee 03ppar ahusmMoBoOWRahR iEithr bhdn tiH ¥id | meid he nenber
11 to be etched is forned of Ni. [0044] Using such an apparatus, the Cl2
gas 21 is Soppkded Thet behoattmwarieor3 oint haighanesr ilst hnoagbthhe nozzles
14, and a high frequency el ectromagnetic wave is thrown by the plasm
antenna 8 idRowhhehchamjeriniterBygceo doiaiy,as heoty2igas ol fisrionized to
generate the Cl12 gas plasma 23 and generate C radicals. As a result |,
the foll owi FgrPehdfiond bhe gatsclaFtkPAet A8 chandBposed.whdhdlsy the gate

el ectrode 03 conprising.a NNSi film )
substrate 391519 aced on the support base 2 within the

chamber 1 of the apparatus shown in Fig. 1. At this
time, the member 11 to be etched is formed of Ni.
[0044] Using such an apparatus, the Cl, gas 21 is
supplied to the interior of the chamber 1 through the
nozzles 14, and a high frequency electromagnetic wave
is thrown by the plasma antenna 8 into the chamber 1.
By so doing, the Cl,; gasg 21 is ionized to generate the
Cly;gasplasma 23 andgenerate Cl radicals. Asaresult,
the following reactions are caused within the chamber
1, whereby the gate electrode 03 comprising a NiSi film
at the Si interface can be formed.
[0045] <Third Examples>

This example is an example in which the gate
stack of the MOS transistor shown in Fig. 4 is formed.
The $10; film which is the gate insulating film 05 is
formed on the n-type silicon substrate 04 as the
substrate 3 in this case. A Ni film is formed on the
gate insulating film 05 by the same method as in the
above examples. By this measure, a part of the Si
component ¢of Si0; reactg with Ni to form a Ni8i film

as the gate electrode 03.
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at the S

exanple in which the gate
f or ned.

interface can be fornmed. [0045] Third Exanple> This exanple is an

the n-type silicon substrate 04 as the substrate 3 in this case.

is forned on the

stack of the MOS transistor shown in Fig. 4 is

The SI2 filmwhich is the gate insulating filmO05 is formed on

AN film

gate insulating filmO05 by the same nethod as in the

above exanples. By this neasure, a part of the Si conponent of SiQ2 reacts

with Ni

to forma Ni Si

film as the gate el ectrode 03. 13 [0046] <Fourth

Exanpl e> Al fobhejelpstiredes:QhpA2. and 03 of the MOS
formed by conmbining the first and

transi stor can be
second exanpl es nmenti oned above. [0047]

<Fifth Exanpl e> Similathy, cdldcdhedesectrodes & &2 andcBd ofos the MOS
can be forned, and the entire gate structure including SiQ2,
whi ch is thergmasésicpsulcam g fotme85bycanmbd rfiorgredye bfjiesnbanidng t he
first and third exanples nentioned above. [0048] <Si xth Exanpl e> Anong
subst ances expettedxagriwtemensienedaabsotear cell is FeSi. To prepare a
by use of FeSi, it is necessary to forma p-type silicon |ayer
and an n-type047]icohtFhyE&xagP kae solar cell from FeSi

transi st or

sol ar

cel |

Similarly, all the electrodes 01, 02 and 03 of
the MOS transistor can be formed, and the entire gate
structure including Si0,, which is the gate insulating
film 05, can be formed, by combining the first and third
examples mentioned above.

[0048] <S8Sixth Examplex

Among substances expected as materials for a
solar cell 1is FeSi. To prepare a solar cell by use
of FeSi, it is necessary to forma p-type silicon layer
and an n-type silicon layer of the solar cell from FeSi.
In this case as well, the present invention can be
applied, and shows excellent effects. 'Concretely, it
is recommendable that the member 11 to be etched, which
ig shown in Fig. 1, be formed of Fe, and an Fe film
be formedon a p-type silicon layer or ann-type silicon
layer of the substrate 3. By so doing, Fe and 8i react
toformp-typeandn-type FeSi layers, wherebythep-type
layer and n-type layer of the solar cell can be formed,
[0049] In forming the n-type silicon layer and the
p-type silicon layer, the apparatus shown in Fig. 1
can be utilized. For example, it is advisable that

the member 11 to be etched be formed of Si, and a p-type

.14



In this case as well, the present invention can be applied, and shows
excellent effects. Concretely, it 1is recommendable that the nenber 11 to
be etched, which is shown in Fig. 1, be forned of Fe, and an Fe film be
formed on a p-type silicon layer or an n-type silicon |ayer of the
substrate 3. By so doing, Fe and Si react to fornp-type andn-typeFeS

| ayers, wherebythep-type |ayer and n-type |ayer of the solar cell can be
formed. [0049] In formng the n-type silicon layer and the p-type silicon

| ayer, the gppRspéUSasdAMIni-RHddsillagan He thihbdedyifRIB @Xampj e, it is
advi sabl e that the nmenber 11 to be etched be fornmed of Si, and a p-type

14 Si | ayeriapdraprrtiadarfio laayer diged e s Wdh aBthgih@ad nger por at ed
into a hal ogen gas as the acting gas, in the case of the p-type, or with p
bei ng i ncor pbeatede pifit ohehe -tatpegemmgas] th p thhei tasenobrpbeant<tdy/pe.

[ 0050] On this occasion, the nenber 11 to be etched, which is forned of

Si, can be ontet &Edcbyphadlngrpogasingn Sihd masehefachiengdgae{0051] <O her
Exanpl es> Recently, it has been found that the nobilit of an nMOS

transi stor E8R5B8 PRcEB&Se@CHRSihiThg Bie memhgredd bp gﬁee§§ﬁ#€htiona

SiGe, as the source _electrode 01 and the drain el ectrode 02 of the MOS
transi st or, VEhEFeh§ ﬁ%ﬁm%@d%gﬁﬂﬂt€ﬁ§ﬁpg P EFRYG RY L DY REPRRAAAST I n

forming Si Gyi n; {015 1635¢c 4y gas.

[0051] «Other Examples:>

Recently, it has been found that the mobility
of an nMOS transistor can be increased by using SicC,
instead of the conventional SiGe, as the source
electrode 01 and the drain electrode 02 of the MOS
transistor, thereby introducing tensile strain into
the channel. In forming SiC in this case, the
application of the present invention obtainsg the
aforementioned excellent effects. Concretely, it
suffices to form the member 11 to be etched, shown in
Fig. 1, from graphite, and perform the same steps as
in the first example.
[0052] In the apparatus shown in Fig. 1, the halogen
gas 1s plasmatized within the chamber 1 to form its
radicalg. FHowever, the methed of radical formation
neednot be limited thereto. For example, the radicals
can be formed by any of the following methods:
{0053] 1) A high frequency electric field is allowed
toact onahalogengas flowing througha tubular passage

communicating with the chamber 1, to plasmatize the

15



application of the present invention obtains the aforenentioned excellent
effects. Concretely, it suffices to formthe nenber 11 to be etched, shown
in Fig. 1, fromgraphite, and performthe same steps as in the first
exanple. [0052] In the apparatus shown in Fig. 1, the halogen gas is

pl asmati zed within the chanber 1 to formits radicals. However, the nethod
of radical formation need not be I[imted thereto. For exanple, the
radicals can be forned by any of the foll owi ng nethods: [0053] 1) A high
frequency ehgtbiike g/ d is allowed to act on a hal ogen gas flow ng
through a tubul ar passage comunicating with the chanber 1, to plasmatize
the 15 hal ogen gas) 2\ #ifirewewayveid sseppphiiadtioo -a hal egen gas flow ng

t hrough a tubul ar passage conmunicating wth the chanber 1, to plasmatize
t he hal ogenf basing) tArbalgtgentgas lfarowiang ddw augiman 1 tbuliay whaasage
comuni cating wwth the chanber 1 is heated for thermal dissociation. 4) An
el ect r omagnelee cchandear lan %&b cetasnabéam tilse suppbped gesa hal ogen gas
flow ng through a tubul ar _passage conmunicating with the chanber 1, to

di ssociate the habbgeh Badogsn Aasalfokferinds threnory a Hreeighas t ubul ar

passage comruni cating with the chanber 1 is brou%ht.
passage communicating with the chambe¥ 1 is heated for

thermal dissociation.

4) An electromagnetic wave or an electron beam
is supplied to a halogen gas flowing through a tubular
passage communicatingwith the chamber 1, todissociate
the halogen gas.

5) A halogen gas flowing through a tubular
passage communicating with the chamber 1 is brought
into contact with a catalytic metal which dissociates

the halogen gas by a catalytic action.
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into contact with a catalytic netal which dissociates the hal ogen gas by a
catalytic action. 16 Clainms [1] A process for producing a silicon
conpound, conprising: allowing a radical of a halogen gas to act on a
menber to be etched, which is disposed within a chanber as a vacuum vessel
and is fornmed of a material containing an elenent capable of formng a
conpound with Si, while keeping the nenber at a relatively high
tenperature, to forma gas of a precursor, which is a conpound of the
materi al and the hal ogen; hol ding ai1siasirate accommodated within the
chanber at a relatively low tenperature, with a Si interface of the
substrate being exposed, to adsorb the precursor onto the Si interface of
the substrate; and then allow ng the radical of the halogen gas to act on
t he precursfgtr] adsorbpdoarise tiher Ssroateihaca <id fedhiceombeupriecur sor

t her eby producing a conpound of the material and Si. [2] The process for
produci ng acgipiresangonpound according to claim 1, wherein the nenber to
be etched is Ni, and N Si is produced at the Si interface. [3] The process
for producing a si®itBHi&GnpodRgical of a halogen gas to act on

a member tobe etched, whichis disposedwithina chamber
as avacuumvessel and is formedof amaterial containing
an element capable of forming a compound with 8i, while
keeping the member at a relatively high temperature,
to form a gas of a precursor, which is a compound of
the material and the halogen;

holding a substrate accommodated within the
chamber at a relatively low temperature, with a Si
interface of the substrate being exposed, to adsorb
the precursor onto the 8i interface of the substrate;
and

then allowing the radical of the halcgen gas
to act on the precursor adsorbed onto the Si interface
to reduce the precursor, thereby producing a compound
of the material and 8i.
(2] The process for producing a silicon compound
according to claim 1, wherein

the member to be etched is Ni, and

Ni8i is produced at the Si interface.
{3] The process for producing a silicon compound
according to c¢laim 1, wherein

the member to be etched is Ni, and
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according to claim1l1, wherein the nenber to be etched is Ni, and 17 an

i ncubation tine, which is a difference between tinmes of production of a N
conpound of the precursor in a Si02 region and a Si region, is utilized
to produce NISi only at the interface of the Si region of the substrate
having a surface where the Si02 region and the Si region are exposed and
coexistent. [4] The process for producing a silicon conpound according to
any one of claims 1 to 3, wherein an electrode of an MOS transistor is

formed from N Si phodHeadatidher sheicorilcnt ard acesi fbdrdRgeprocess for
producing a silicon conpound according to claim1, wherein the menber to

be etched ilsegwephi temeandApI@ett0da off an O dnipmehat F thef ormed from
Si C produced at the silicon interface. [6] The process for producing a
silicon conpoendrsascind 8¢ horegabm dndwherieragtibe ,mésbetr i1 ozba etched is
Fe, and a p-type layer or an n-type layer of -a solar «cell is formed from
FeSi produckd rtodines HiFhterfuce: thEginterface of the Si region

of the substrate having a surface where the 8i0; region
and the Si region are exposed and coexistent.
[4] The process for producing a silicon compound
according to any one of claims 1 to 3, wherein

an electrode of an MOS transistor is formed from
Ni8i produced at the gilicon interface.
[5] The process for producing a silicon compound
according to claim 1, wherein

the member to be etched is graphite, and

an electrode of an MOS transistor ig formed from
SiC produced at the silicon interface.
[6] The process for producing a silicon compound
according to claim 1, wherein

the member to be etched is Fe, and

a p-type layer or an n-type layer of a solar

cell is formed from FeSi produced at the Si interface.
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