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FORM NG FILM | NSULATI NG FI LM AND SEM CONDUCTOR | NTEGRATED CI RCUI T
BACKGRQUND OF THE I NVENTION 5 Field of the Invention The present i nvention
relates to a method and an apparatus for forming a boron-carbon-nitrogen

film an insulating film and a semi conductor integrat ﬁmwmmmmmmmRel ated
Art 10 Conventionally, in a semiconductor integrated cili of Si 02
or SiN formed by the Plasma CVD (Chenical Vapor Depositi onjsget hod have

been UuSPECAEIGATIONEr! ayer insulator thin films or a protectiye filmf_or
wiring. However, with higher integration of transistors, the inter-wring

capaci t BLE QRISHSEWNVENTION! METRIOD iANbaA_WATOBO,F@H@rP@W a
factor of hindrance to speeding up 15 switching operation of elenments. In

order tBILGIINSUIATEING EHLMPAND SEMICDNBEDTORINTESRATED EIRCEBCLri C
constant of the inter-wiring insulator thin film and a mterial having a

new di eBAEKGROLINRIOMTHE INMENTEONas the interlayer insulating film
Under such a situation, organic materials and porous materials have 20
at t Pact kigldefthiedavemtian att enti on and a very |ow dielectric constant
(relative diglectric constant K is approximtely 2.5 or | ess) can be
realized, hovig/pesent inveaton selates tona srathod amdidreappanatpofortfermingceni cal
and mechani cal  resistance and thernal conductivity. Mreover, although
such a RIPP-GASRPENEreaan ﬁl!“céﬂéﬂ&ﬂﬁt'%lfﬂr@, asda semicondBtor inegratedved
recentlgircvl\j/iitth a boron-nitride thin film it is known that the film

Related Art
10 Conventionally, in a semiconductor integrated circuit, films of SiO, or SiN
formed by the Plasma CVD (Chemical Vapor Deposition) method have been
used as an interlayer insulator thin films or a protective film for wiring. However,
with higher integration of transistors, the inter-wiring capacitance causes wiring
delay, and it has come into a problem as a factor of hindrance to speeding up
15  switching operation of elements. In order to solve this problem, it is necessary
fo reduce the dielectric constant of the inter-wiring insulator thin film, and a
material having a new dielectric constant is desired as the interlayer insulating
film.
Under such a situation, organic materials and porous materials have
20 attracted considerable attention and a very low dielectric constant (relative
dielectric constant K is approximately 2.5 or less) can be realized, howevel.’, it
has some problems from the view points of chemical and mechanical resistance
and thermal conductivity.
Moreover, although such a very low dielectric constant value as 2.2 has
25 been achieved recently with a boron-nitride thin film, it is known that the film
has a problem in hydroscopic resistance.

Under the circumstances, a boron-carbon-nitrogen thin film which is

I
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has a probl emin hydroscopic resistance. Under the ci rcunstances, a

bor on- carbon-nitrogen thin filmwhich is 1 excellent in thermal resistance,
hydr osgopi c resistance and has a very low dielectric constant attracts
consi derabl e attention. However, the filmforning technique by neans of
the Pl asma CVD met hod has not been established yet at present, and it is
desired to realize a filmfornming nmethod pernitting to form 5 the

bor on-carbon-ni trogen thin filmas a product. The present invention has
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mainly exciting nitrogen atoms therein, then neki exclrted’nitrogen

at ons 1 abptesent, hartbit4s desited ab heslize a!’fﬂ#nt@rrhﬁfgn?'r%tw]gﬁrrﬁﬁﬁ B fhinh 09EN
filmon a substrate. 15 The filmform ng nethod of t present invention iIs

comfr i sthe hdrensdaspsn-nitfogemidirafinmas Rl ofaci.n t he deposition chamber, mainly
exciting nitrogen atons therein, then making the excited nitrogen atons

react W th b presentrindentiars hass begn hyddegdienvieas ohhe aRFémehtidiéd and to
form the boron-carbon-nitrogen film on a substrate. 20 To suppl y carbon,
it is psibatioabaed the pseposadobiberibventiprsis togirogidetthd fmaforaing aktifodew
advant age of. being able to sinplify a gas supply system Moreover, It Is
al so prkeEIHingeto; orinsa haioancgshnrenitiegeni m aod thadimuppningoéppardtosn. Usi ng
the organic material is characterized in that a part of boron and nitrogen
can be 9GfpPl-ed at the same tine. -

" 10 SUMMARY OF THE INVENTION
The film forming method of the present invention is comprised the steps
of generating plasma in a deposition chamber, mainly exciting nitrogen atoms
therein, then making the excited nitrogen atoms react with boron and carbon,
and to form a boron-carbon-nitrogen film on a substrate.

15 The film forming method of the present invention is comprised the steps
of generating plasma in the deposition chamber, mainly exciting nitrogen atoms
therein, then making the excited nitrogen atoms react with boron chloride gas
using hydrogen gas as a carrier gas, and to form the boron-carbon-nitrogen film
on a substrate. | |

20 To supply carbon, it is preferable to use hydrocarbon gas.' Using
hydrocarbon has a new advantage of being able to simplify a gas supply system.

Moreover, it is also preferable to use an organic material for the supply of
carbon. Using the organic material is characterized in that a part of boron and
nitrogen can be supplied at the same time.

25 As an organic material, for example, an organic compound or the like
containing trimethylboron or nitrogen is preferably used. Especially,

trimethyiboron is preferred.



25 As an ‘organic material, for exanple, an organic cormpound or the like
contai ning trinmethyl boron or nitrogen is preferably used. Especi al 1y,
trinethylboron is preferred. 2 Aflowrate ratio of nitrogen gas to boron
chloride gas is preferably set to 0.1 - 10.0. Mre preferably, it is 0.7 -
2.0, and it is further preferable to be 1.0 - 1.3. Aflowrate ratio of
hydr ocar bon gas to boron chloride gas is preferably 5 set to 0.01 - 5.0.
More preferably, it is 0.1 - 2.0, and it is further preferable to be
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present invention is conprised of a first” 'in _
i ntrodutBng nitrogen gas into the deposition chanber, a plasma generation
means for generating plasma, a holding neans for hol ding a substrate under

or inside t keflpiamte, ratiodfhysleecarBohrgdP i BbidH cARARS d&Y is 'gréfé Ing
boron and carbon material between the first introduction nmeans an 15 t he

hol & ngsetdafs)1 Fi5e0 sidommprefatably ucision 1®aNand i (8 fetiesairererapstd pa!t €d so
as to be able to introduce boron and carbon independently of each other.

O cour@d-9Be neans may be constituted of single piping so that the

m xture of boron and carbon is introduced wthout suppl yi ng them _

i ndependent 1A flovo rate ratiomof cerganis apateriat (gasofto t berdpr ebeotide YNt on i s
conprised_of the first introduction means for introducing nitrogen gas

into t HIefRBBY setole Lidnbe.0. More preferablyydhis At1 en2/@pamd ftos fgether ati ng

pl asma, the hol ding ans. for hol ding the substrate under or inside the
pl asm,prﬁﬁdaalﬁéos%gﬁg‘ Brﬁ-r oduct i on

10 | The film forming apparatus of the present invention is comprised of a first
introduction means for introducing nitrogen gas into the deposition chamber, a
plasma generation means for generating plasma, a holding means for holding a
substrate under or inside the plasma, and a second introduction means for
Jintroducing boron and carbon material between the first introduction means and

15 the holding means.

The second introduction means is preferably constituted so as to be able
to introduce boron and carbon independently of each other. Of course, the
means may be constituted of single piping so that the mixturé of boron and
carbon is introduced without supplying them independently.

20 The film forming apparatus of the present invention is comprised of the
first introduction means for introducing nitrogen gas into the deposition chamber,
the plasma generation means for generating plasma, the holding means for
holding the substrate under or inside the plasma, and the second introduction
means for introducing boron chloride and hydrocarbon gases using hydrogen

25 gas as a carrier gas into the deposition chamber under the first introduction

means.

The film forming apparatus of the present invention is comprised of the




means for introducing boron chloride and hydrocarbon gases using hydr ogen
25 gas as a carrier gas into the deposi tion chanber under the first _

i ntroduction nmeans. The filmfornming apparatus of the present invention Is
conprised of the 3 first introduction means for !ntrodu0|ng nitrogen gas
into the deposition chanber, the plasma generation neans for generating

pl asma, the hol ding neans for hol di ng the substrate under or i nsi de the

pl asma, and the second introduction neans for introducing boron chloride
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1 of the (gresent i nvention. Fig.2 shows characteristic cuUrves rel ative

di elfecthyarogemsgamtast a earfieovgaslntvathe E8positieh HArMBSEUngRP thg.ﬁr%’éon .
chloride gas. Fig.3 shows characteristic curves of a relative dielectric

const ariptredueticn m@ansate rati o of methane gas to boron chi oride gas. Fig.4
is a sectional view showing the filmform ng apparatus In accor dance W th
t he enbodi neme afasementioped ssevondnintotuction n2darts & preferradserhaggad Vi ew
showi ng,the film forning apparatus in accor dance vvlt[\ t he e_:nbpdl ment 3 of
the prREAMRIRHQR PBR. OFity Malfwayafos decoowasing the siganiomatexalf ianan it or m ng

appar atigspn'arrérred that this decomposition part is structured so as to be able to heat

10  the organic material.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 is a sectional view showing the film forming apparatus in
accprdance with the embodiment 1 of the present invention.
Fig.2 shows characteristic curves of a relative dielectric constant to a flow
15 rate ratio of nitrogen gas to boron chloride gas.
Fig.3 shows characteristic curves of a relative dielectric constant to a flow
rate ratio of methane gas to boron chloride gas.
Fig.4 is a sectional view showing the film forming apparatus in
accordance with the embodiment 2 of the present invention.
20 Fig.5 is a sectional view showing the film forming apparatus in
accordance with the embodiment 3 of the present invention.
Fig.6 is a sectional view showing the film forming apparatus in
accordance with thé embodiment 4 of the present invention.
Fig.7 is a schematic sectional view of the integrated circuit using the
25  boron-nitride-carbon film formed by the film forming meth_od relating to an
embodiment of the present invention.

Fig.8 is a schematic sectional view of the integrated circuit using the



accordance with the enbodi ment 4 of the present invention. Fig.7 is a
schematic sectional view of the integrated circuit using the 25
boron-nitride-carbon filmformed by the filmforning nmethod relating to an
embodi ment of the present invention. Fig.8 is a schematic sectional view of
the integrated circuit using the 4 boron-nitride-carbon filmforned by the
filmfornmng nmethod relating to an enbodi ment of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT ( Embodi ment 1) 5 Fig-1is

| LED DESCR P! _ rent 1) 5 Fg-li
2, schembbion sirie-vaein ! Rmbleol B, i) ol RRECH e JPosm

i nvent i embodiméntcdfthé YebsermabnP! asma generation part 2 is provided in
a cylindrical container 1, and is connected to. a high-frequency power

sour ce DETAILER DBESCRIRTIONOF AHE PiREﬁERR'EmEMquW power source 4 is
able to 10 supply high-frequency power of 1 kW- K I gh-frequency power.

Ni t r ogefEmboedimentfl¢d from a nitrogen gas introduction part 5, to generate
pl asma 50. A substrate 60 is pl aced on a substrate holding part 6, and a

heaer 7 i s Figdnised sfrerntic sidesview hEing!ftes APRIAINY %p@érét@@ fopbstrat e
60 can be set in the range froma roomtenperature up to 00 degrees C by
the heagr@pogyingtheofiler forming amettbdc aocdrdirapty itiesl first &boslihsht af $h&0 Pl aced
on the substrate holding part 6 by a bias appl ying part 8. The cylindrical
cont ai n¥Esent Bveption.cAa mdudtively coupledyptasra gereratich part 2 i pasligédg boron
chl ori deébﬂr%g. tl'i chl oride) gas using hydrogen gas as a carrier.

Vor eovel, @ PHINGRGR] faRtainar b erichisreannected tor swhigheregiuehcyupowientsoutiget | on
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rayg ras‘lﬁ)%lfﬁig%@ﬁgqggﬁ%ys 58We¥’oft n&NSX %ﬁWf ih?gﬁ¥r233gﬁgy ?)%W%Sr. Nitrogen
gas is fed from a nitrogen gas introduction part 5, to generate plasma 50. A
substrate 60 is placed on a substrate holding part 6, and a heater 7 is mounted
in the substrate 60. The temperature of the substrate 60 can be set in the range
. from a room temperature up to 500degrees C by the heater 7. Moreover, a bias
156 can be applied to the substrate 60 placed on the substrate holding part 6 by a
bias applying part 8. The cylindrical container 1 is provided with an introduction
part 9 for introducing boron chloride (boron trichlorid-e) gas using hydrogen gas
as a carrier. Moreover, the cylindrical container 1 is provided with an
introduction part 10 for introducing hydrocarbon gas into the container 1. A gas
20 exhaust part 11 is mounted under the substrate holding part 6.
As to a flow rate range of each gas supply, the system is arranged so as
to be able to set the flow rate ratio of nitrogen gas to boron chloride to 0.1 —
10.0, the flow rate ratio of hydrocarbon gas to boron chloride to 0.01 - 5.0, and
the flow rate ratio of hydrogen gas to boron chioride to 0.05 — 5.0.
25 A p-type silicon substrate 60 is placed on the substrate holding part 6, the
inside of the container is vacuumed to 1 x 10® Torr. The substrate temperature

is set to 300degrees C. Thereafter, nitrogen gas is introduced into the cylindrical



to be able to set the flowrate ratio of nitrogen gas to boron ch!oride to
0.1 -~ 10.0, the flowrate ratio of hydrocarbon gas to boron chloride to
0.01 - 50, and the flowrate ratio of hydrogen gas to boron chloride to
0.05 - 5.0. 25 A p-type silicon substrate 60 is placed on t he subsErate
hol di ng part 6, the inside of the container iIs vacuurmed to 1 x 10"6 Torr.
The substrate tenperature is set to 300degrees C Thereafter, nitrogen gas
is introduced into the cylindrical 5 container | through t he i ntroduction
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hydr ogen atoms into hydrogen chlori de, and t'hereby up-taking of The

chl ori rressitens adjisted e 066 Mori. Thedmdronlchiatiderdne themetiahslgages besl a 100nm

boron-nitride-carbon film®6l on the p- type silicon substrate 60 and

vapor - dijoRededint riasmaebitoatm decompdeed ayaitroger! pidsna dof generate

el ectraode, a.capacitance-voltage characteristic i s_'maasured. 15 Then, the

rel ati "Hf‘é]t%@ﬁr%c} garhonatomsyer be enadaita EQabeVItlrsmtrgggheatemga@?yc?r ea
acitance val ye of a structure of netal, boron-nitride-carbon Tilm

;a{) ype S %'P?Sd%%ﬂb% '@tﬂéﬁ?m%ﬂﬂ'é‘ét@dgfcaf ben filsh 611- ﬁWQﬂrtﬂelSc@fbbngeﬁlwm 61. As a

It, tive, dielectric constant values of 2.2 - 2.6 were
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bor on- ni:t k] r.no i I m 61 having a dielectric constant as low as 2.2
- 2.6 [:Batrz%mggﬁ%%@%fﬂ@dg Eontroligd.

After having deposited é 100nm boron-nitride-carbon film 61 on the p-
type silicon substrate 60 and vapor-deposited Au on the boron nitride carbon
film 61 to form an electrode, a capacitance-voltage characteristic is measured.

15 Then, the relative dielectric constants were evaluated by using the storage area
capacitance value of a structure of metal, boron-nitride-carbon film, p-type
silicon and the thickness of the boron-nitride-carbon fim 61. As a result, low
relative dielectric constant values of 2.2 — 2.6 were obtained.

Fig.2 and Fig.3 show the synthesis conditions on which the boron-nitride-

20 carbon film 61 having a dielectric constant as low as 2.2 — 2.6 can be obtained.
Fig.2 shows a relationship between the flow rate ratios of nitrogen gas to boron
chloride and the relative dielectric constants when a flow rate ratio of methane

~ gas and boron chloride is made to 0.1. Fig.3 shows a relationship between a
flow rate ratio of methane gas and boron chloride when a fiow rate ratio of

25 ' nitrogen gas to boron chioride is made to 1.3. The range of the gas flow rate
ratios, in which the boron-nitride-carbon film 61 having the low relative dielectric

constants can be obtained, can be made wider by varying the substrate



Fig.2 shows a rel ationship between the flowrate rati os of nitrogen gas to
boron chloride and the relative di el ectric constants when a flow rate
rati o of} methane "gas and boron chloride is made to 0.1. Fig.3 shows a

rel ati onship between a flow rate ratio of nethane gas and boron chloride
when a flow rate ratio of 25 nitrogen gas to boron chlioride is made to 1.3.
The range of the gas flowrate ratios, in which t he boron-nitride-carbon
film6l having the low relative dielectric constants can be obtai ned, can
be madetephgératdre, varying the substrate 6 tenperature. (Enbodinment 2) Fig.4
is a schenatic side view showing the filmforning apparatus for enbodying
the fil tEmbodimente) hod according to the second enmbodi ment of the 5
present invention. An inductively coupl ed plasma generation part 2 is

provi ded i n Eigoylis mdstierhatio Hide Viw jshOWi‘@ itR %ngﬁﬁﬁﬁ%tdb ardighefr equency

power source 4 via a matching apparatus 3. The hi requency power source

4 i s abembodyingupp! filmt foemingmethiedidessingONRtheecbiWemBOdiWeridFtRgen 9as
is fed froma nitrogen gas introduction part 5, to generate plasma 50. A

subdi r apeeseat invehtiopl Acdddoctivaely cbapledtladobdieriragon part zrw{ﬁo\h&éaer 7 1s
mounted in the substrate 60. The tenperature of the substrate 60 can be

set in i@ cybndical containerobnand npenneatec taip highSRQueegy gowe: dburtde
heater. Myreover, a bias can be_applied to the substrate 60 pl aced on the
subst r af &2 @ GiatehiparapraratusadbiThe highfteguegcy grawes. sdiree oy lis rabie ¢al
cont ai ner ]l ia p}}rjov,i ded with an introduction part 15 29. The introduction
part 295YRPI ARG gt frequensy Rewresrofc i + dkyds Nitregerhgas ds detidromaa  usi ng
hydr ogen. ’%as as the carrjer gas are led just in front of the cylindrical
cont ai n2frogen; 93 IAtredHGtiNPRR O, IngRNete plagwe aPe Ansukstrate 6hds
i ntgpduct i art into the cylindgical container 1 and both bases are
i nt1r08du§%88g iﬁt%svh@%‘ﬁ?n rfﬁ?l'ﬂﬁoooﬁrt éo@ﬂ afheater 7 s gwsinischinuthe piostrate i s
ar r angegly UAe tedB&rature of the substrate 60 can be set in the range from a room
temperature up to 500 degrees C by the heater. Moreover, a bias can be
applied to the substrate 60 placed on the substrate holding part 6 by a bias
applying part 8. The cylindrical container 1 is provided with an introduction part
16 29. The introduction part 29 is provided so that boron chloride gas and
hydrocarbon gas using hydrogen gas as the carrier gas are led just in front of
the cylindrical container 1 without being mixed, then both lines are united at the
introduction part into the cylindrical container 1 and both bases are introduced
into the cylindrical container 1. A gas exhaust part 11 is arranged under the
20 substrate holding part 6.
As to a flow rate range of each gas supply, the system is arranged so as
to be able to set the flow rate ratio of nitrogen gas to boron chloride to 0.1 ~
10.0, the flow rate ratio of hydrocarbon gas to boron chloride to 0.01 - 5.0, and
the flow rate ratio of hydrogen gas to boron chloride to 0.05 - 5.0.
25 A p-type silicon substrate 60 is placed on the substrate holding part 6,
and the inside of the container is vacuumed to 1 x 10 Torr. The substrate

temperature is set to 300 degrees C. Thereafter, nitrogen gas is introduced into



20 substrate holding part 6. As to a flow rate range of each gas supply,
the systemis arranged so as to be able to set the flowrate ratio of
nitrogeﬁ gas to boron chloride to 0.1 - 10.0, the flowrate ratio of

hydr ocar bon gas to boron chloride to 0.01 - 5.0, and the flowrate ratio
of hydrogen gas to boron chloride to 0.05 - 5.0. 25 A p-type silicon
substrate 60 is placed on the substrate holding part 6, and the inside of
the container is vacuuned to 1 x 10"6 Torr. The substrate tenperature Is
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Fol l owing this, boron chloride is transported Just

cont ai reslioWing tiis, byebrpeRiaridass aankpertealistan fm-quﬁé hapeaifgs 1ivitp! so | ed
just in front of the 5 container 1 and boron chloride and net hane gas are

i nt r odunetiogen gast 4= the wardémgas.1Matihdng Bas! ik nsso %d HesthindRSAS ofid €d.
Synthesis of a boron-nitride- carbon film6l is performed in t he cont ai ner

1" wihos ecapdaingr el samnde badprusahiatideo and. fetbare Jee aboriatrodlted iidetoak t he

met hane gas are not excited into plasma but are deconposed by nitrogen

pl asna cantainetdcwithdhenlicesoof bathl gasebamited. Bymibedio diea buteninitrigeact with
nitrogen atons and to synthesize theminto the boron nitride car bon 61.
Chl or i rearben ilmifl nisdpeifermed in theeaontanes 1 whoselgad pessumh adjusted tand

t her eby -taking of the chiorine atonms into the filmis controlled. After
havi ng Qjép -t ERE PREON GDIptidsRrsh the Mmetbane aasaref notnexgitednintchplasma5 type
silicor’b%ubst ate 60 a g vapor - deposited Au on the boron nitride carbon
film6PYAP ?ﬁ%‘P%ﬁ% Y dygogen attarkreduee thajen atamscard icggb%ﬂ i's
measured.  _Then the, relatiye.dielectric constants were eval uate y using
t hgast 0%86‘3 s m%@’dﬁé&)ﬁ%&@h&@%@%@“&% tapnthesizgeithem into the

bor on- nid b At B4hebh! BY. REfi¥RRe is combined with hydrogen atoms into

hydrogen chloride, and thereby up-taking of the chlorine atoms into the film is
controlled.
After having deposited the 100nm boron-nitride-carbon film 61 on the p-
15 type silicon substrate 60 and vapor-deposited Au on the boron nitride carbon
film 61 to form an electrode, a capacitance-voltage characteristic is measured.
Then the relative dielectric constants were evaluated by using the storage area
capacitance value of a structure of métal, boron-nitride-carbon film, p-type
silicon and the thickness of the boron-nitride-carbon film 61. As a result, low
20  relative dielectric constant values of 2.2 — 2.6 were obtained.
In addition, in the method for introducing boron chioride and hydrocarbon
gases according to this embodiment, a result similar to that of the embodiment
1 can be obtained.
(Embodiment 3) .
25 Fig.5 is a schematic side view showing the film forming apparatus for
embodying the film forming method according to the third embodiment of the

present invention. An inductively coupled plasma generation part 2 is provided



silicon and the thickness of the boron-nitride-carbon film®6l. As a result,
low 20.relative dielectric constant values of 2.2 - 2.6 were obtained. In
addition, in the method for introducing boron chloride and hydrocarhbon
gases according to this enbodinent, a result sinilar to that of the

enmbodi ment 1 can be obtai ned. (Embodinment 3). 25 Fig.5 is a schematic side
vi ew showing the filmformng apparatus for enbodying the filmform ng

met hod according to the third enmbodi nent of the present invention. An

i nduct ijwed &ylmﬁghﬁéorﬂbm,W&%nﬂ%cﬁ@eﬁﬁﬁwég’é'gﬁéﬁl&gggﬁep sﬁuf@é\/i ndrical

container 1, and is connected to a hig ower’ source ia a

mat chi ny vippamataking a b?athisgh-'fﬁ@%%‘ll' fEQRENGY poWer Duficd 3 RPLBIEL R SupPly
t he hi gh-frequency %o@gr of 1 kw- 1 quNitrogen gSasu?Cs fe% ?rgmﬁ)a

ni t r ogesupphs thHenhighdirequentyppoweb of tikWgentoiare Ritasgeh ggs id\fédpgnhat e 60 is

5 placed on a substrate holding part 6, and a heater is mounted in the

subst r dtittogesD gashimttoduptiontpare 5oftot denerates piasnea @D.can ubsHate i6D {he range
froma room tenperature up to 500 degrees C by the heater. Mreover, a
bi a§ canacasd oappsubsirate hotding past6, @ne #0eptendeld mounfed inthstsubsirateol di ng
part 6 by a bias applying part 8 The cylindrical container 1 is provi ded
with t IrﬁéJYiTmer tamperatirepefl thel sulsstrate G0hcan decsetginbitreorangle! foomda rosimg
hydr ogen gas as the carrier. A deconposition part 310 for deconposing
hydr océ?B\g‘ﬁrﬁélEe iup o RAGsegress G by theoheatar. MMereoyer,narbieal carvriteai ner 1
of the hydrgcarbon gas introduction part 10. The gas exhaust part 11 is
nmount ec?ﬁgﬂearmt‘l%@ §‘§P§fa}t§t RAGG BN et SUbstrate tf@‘fgng,lpﬂﬁ Baby¢ & Hiage of each
gas supply, the ratus js arranged so 15 as to be able to set the flow
rate rﬁﬁ%’"&? pﬁﬁ@ﬁ@@]cﬂﬁﬁr{‘:@flﬁ%&é etfhf@rﬁ’&!'dpg with the indragluctigs marbw rat e
ratho d n gas_to ran chloride to 0.01 - 5.0, and, the flow
rabg rg i%yoﬁ‘?@?&?@'ge%odgg Fagﬁ'aPoHsm Jidieden, gapsas Kiey carrier. A
decomposition part 310 for decomposing hydrocarbon gas is provided just in
front of the cylindrical container 1 of the hydrocarbon gas introduction part 10.
The gas exhaust part 11 is mounted under the substrate holding part 6.
As to a flow rate range of each gas supply, the apparatus is arranged so
15 as to be able to set the flow rate ratio of nitrogen gas to boron chloride to 0.1 -
10.0, the flow rate ratio of hydrocarbon gas to boron chloride to 0.01 — 5.0, and
the flow rate ratio of hydrogen gas to boron chloride to 0.05 - 5.0.
The p-type silicon substrate 60 is placed on the substrate holding part 6,
and the inside of the container is vacuumed to 1 x 10° Torr. The substrate
20 temperature is set to 300 degrees C. Thereafter, nitrogen gas is introduced into
the cylindrical container 1 through the introduction part 5. Plasma 50 is
generated by supplying high-frequency power (13.56MHz) of 1kw. Following
this, boron chloride is transported into the container 1 with hydrogen gas as the
carrier gas. In addition, methane gas is thermally decomposed at the
25 decomposition part 310 mounted with a heatef supplied into the container 1

through the introduction part 10. Synthesis of a boron-nitride-carbon film 61 is

performed in the container 1 whose gas pressure is adjusted to 0.6 Torr.



The p-type silicon substrate 60 is placed on t he substrate hol ding part 6,
and the'.inside of the container is vacuuned to 1 x 10-6 Torr. The substrate
20 tenperature is set to 300 degrees C. Thereafter, nitrogen gas s

i ntroduced into the cylindrical container 1 through the introduction part
5. Plasma 50 is generated by supplying high-frequency power (13.56MHz) of
| kw. Following this, boron chloride is transported into the container 1
with hydrogen gas as the carrier gas. In addition, met hane gas i s

t her mal Cartstare ataras esteadupplied26y 486PRRRSHES ed i Lhya heater
supplied into the cont aiF;nﬁ(g'fe 1§y?hr ougﬁ dtiﬁa&ﬁ%??é Jﬁ%ﬂg%ﬂﬁgﬁ g.aL%fl L@g’/nt hesi s
of a bothenbaidr chierider isomotf ekehedilints plasthh BUTEE ddbdriSose b irﬂﬁ& dpWhose
gas pressure is adjusted to 0.6 Torr. 9 Carbon atoms are supp leg by

t her nal piasthes oapdsiting borneitoase @S thendartidie d18faN csméiﬂéadgyi $hgot
excited into plasm but is deconposed by nitrogen plasma, and’the boron

at oms aéleécarnpositioh@reanads totreachedthbyitrogen ales@nieosyrithesizé thefiflot 0 react
with nitrogen atoms to synthesize theminto 5 the boron nitride carbon 61.
chi & i nthe Bokasnbitridel carbon H/dr Ghleninat isneornbined Withiriegirogem|zaoméeintand

t hereby u -takin? of the chlorine atons into the filmis controlled. After
havi ng Bnéﬁegﬁlﬂ &hlenide, ayshihereby npatakingdef ther blalorihe | atofis iato tiree fim i ype
silicon s%bﬁtrate and vapor - deposi ted Au on the boron nitride carbon film
10 61 tPHRI8Aan el ectrode, a capacitance-vol tage characteristic is
onstants were eval uated by using

measured. o Kifer Al AePosiSa the i BBhor Bara nivdarsartem fig &1, on the p-
b - ng [ - fil -t il the thick f th
bor on- ?MHSi'&"i‘?%@@ﬁq-f%thﬁ%?.@&gg%pi%@bf@? qoihe Paton niEsaRarkan fire
f 2.6 t aj d. 15 caddi ti o th
Cond a1 Yottt ad electtos, & erdfitance nplieds Raazciinlicds rsasured. Then ar o
that ofyad fqutill &li8Bbic SN We 20aE Bty |bc)ile ugﬁ\rg;b%]e storage area

capacitance value of a structure of metal, boron-nitride-carbon film, p-type

silicon and the thickness of the boron-nitride-carbon film 61. As a result, low
relative dielectric constant values of 2.2 — 2.6 were obtained. |
15 In addition, in the embodiment 3, fabrication of the film having a
characteristic similar to that of a low dielectric constant boron chloride carbon
film obtained in the embodiment 1 and embodiment 2 can be achieved. Further,
the embodiment 3 has the advantages of being able to achieve the low
dielectric constant film under the condition that the flow rate of methane gas is
20 decreased by about 20%, to improve an efficiency of up-taking carbon atoms
into the deposition film, and to control amount of used methane gas.
(Embodiment 4)
Fig.6 is a schematic side view showing the film forming apparatus for
embodying the film forming method according to the fourth embodiment of the
25 present invention. An inductively coupled plasma generation part 2 is arranged
in a cylindrical container 1, and is connected to a high-frequency power source

4 via a matching apparatus 3. The high-frequency power source 4 is able to
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filmobtained in the enbodi nent 1 and enmbodi nent 2 can be achieved.

Further, the enbodinent 3 has the advantages of being able to achi eve the
[ ow di QI ectric constant filmunder the condition that the flowrate of

met hane gas is 20 decreased by about 20% to inprove an efficiency of
up-taki ng carbon atons into the deposition film and to control amount of
used met hane gas. (Embodiment 4) Fig.6 is a schematic si de vi ew show ng
the filmformng apparatus for enbodying the filmform ng met hod accor di ng

to the supply thehigisfregoency polver o 51V €S S0kW. Wit g1 ga n_sifegbrﬁarh@! y
coupl ed plasna generation part 2 1s arranged in a cyli'ndrical contalner 1,
and is mg'agemm indredudtigh- park i etac geperats plasmaes0.4 Xi subsstraé & 9
apparatus 3. The high-frequency power source 4 1s able to 10 supply the

hi gh- f riigeeshen apewkstrate hplding parivh\and\a heatps? gearrarsgddein thewtbatrate t rogen
gas intfoduction part 5, to generatecﬁl asma 50. A substrate 60 Is pl aced
on a s ?ﬁéﬁ empetatuie phihe substratesbheande 3ei i ter rrgedfrom ahefsmbst rate
60. The tenperature of _the substrate 60 can be set-in the range froma room
5 térrpetPHln?%tuﬂ% %) tBO@O(Eétﬂgé@%s € By the heedererMoranvesy ar biaa barasbe:gn be

appl i ed tq the substrate 60 placed on the substrate holding part 6 by a
bipgs a?)‘fcﬁqg?fjn@ §u%§atrqtﬁe8QﬁI@ PRANecsHhistfaterhalding pard\@ bigca ilas t he

|t rodugsang B o Pod Rl sl Bt W abis s guet 15
or 20 ik Gffor BRA LA G Phagel' e st lrchbunir e
subst ! el paf 410 14 boppbA RSeBIast IEHRBA DT 37 1

n ongerga he dyacatyser o0 pyhcdpolod AR L o
rati o ofheyak egieaustasart 91 ROa@EN§EY QhlEEtHeSsUbstate haldhg part 6.

As to a flow réte range of each gas supply, the apparatus is arranged so
as to be able to set the flow rate ratio of nitrogen gas to boron chloride to 0.1 —
10.0, the flow rate ratio of hydrocarbon gés to boron chloride to 0.01 — 5.0, and

15 the flow rate ratio of hydrogen gas to boron chloride to 0.05 - 5.0.

The p-type silicon substrate 60 is placed on the substrate holding part 6,
and the inside of the container is vacuumed to 1 x 10° Torr. The substrate
temperature is set to 300degrees C. Thereafter, nitrogen gas is infroduced into
the cylindrical container 1 through the introduction part 5. Plasma 50 is

20 generated by supplying the high-frequency power (13.56MHz) of 1kw. Following
this, boron chloride is transported into the container 1 with hydrogen gas as the
carrier gas. In addition, the decomposition part 410 mounted with a coil is
supplied with the high-fréquenéy power of 100W from a high-frequency power
source 412 (13.56Mhz) through a matching apparatus 411, and the methane

25 gas is decomposed by electric discharges and supplied into the container 1
from the introduction part 10. The gas pressure in the container 1 is ‘adjusted to

0.6 Torr, to perform synthesis of a boron-nitride-carbon film 61. The boron

11



The p-type silicon.substrate 60 is placed on the substrate hol di ng part 6,
and the-inside of the container is vacuuned to 1 x 10-6 Torr. The substrate
tenperaﬂure is set to 300degrees C. Thereafter, nitrogen gas is i ntroduced
into the cylindrical container 1 through the i ntroduction part 5. Plasma
50 i s 20 generated by supplying the high-frequency power (13.56M1z) of 1
kw. Following this, boron chloride is transported into the container 1
with hydrogen gas as the carrier gas. In addi ti on, the deconposition part

410 nouehlotdeiishnat exdited $ntosplapirizeButvideBofip®sBHIBy fHifS SAYek, of 100W
from a hi gh-frequency power source 412 (1?@6mz?ythro ghcéa{larratt:tl?ng

appar at $épRi 1bornd atérasmekHesee bdomy astorrss, deabTPOSESMBY sebEIRd ity dhechar ges
and supplied into the container 1 fromthe i ntroduction part 10. The gas
pressur degompesitien of mathana gas, angl nittagentators. &reTaade tb tegetniieh Busynt hesi s
of a bor n-n'trirgg-c_arbon film6l, The boron 11 chl oride is not excited
into pl %@‘ﬁﬁ syriBesizs dhedypnriitridegearbpn fimab 11 Theschiptine beacts witions.

The bor on ato carbon atons supplied by the deconposition of nethane
gas,%ean@yﬁpg?'éfgﬁmét 'BE%?‘Xﬁ@Q?@d@“'PBd?e%@ Uprtekingaehloriperatomst inta yime hesi ze
the boren-nitride-carbon film61. The chlorine reacts with 5 hydrogen atons
into hy@&oﬁ%ibgl‘ﬁ%gﬁf’[ﬁ& and up-taking chlorine atoms into the fi | mcan be

cont 1o ed, A48 oY HORcRER Thd Tk h o eR@anio o obon
L1 8RB S s B ARERAT S SRS B B < ver e
ovel (GOl B RO, S olEA SRR DR RIE st Rl UERL o e
Do i, e sl e sy AR S AR o
denponstcapaeitance efdiee tofsanstractute dfhietdll Hdin-nitride-carbon film, p-type
silicon, and the thickness of the boron-nitride-carbon film 61. As a result, low
relative dielectric constant values of 2.2 — 2.6 were obtained.
This embodiment 4 has demonstrated an effect similar to that of the
15 embodiment 3, and has the advantages of being able to achieve the low
dielectric constant film under the condition that the flow‘ rate of methane gas is
decreased by 25%, to improve an efficiency of up-taking carbon atoms into the
deposition film, and to control amount of used methane gas.
In the embodiments 1 to 4, methane gas was used as the hydrocarbon
20 gas, but various gases such as ethane gas, acetylene gas can be used.
(Embodiment 5)
Using a film forming apparatus similar to the one as shown in Fig.1 used
in the embodiment 1, trimethyl boron instead of methane gas is supplied into
the cylindrical container 1 from the introduction part 10. The same conditions as
25 applied to the embodiment 1 are used for the substrate temperature, high-

frequency power, and the other synthesis conditions.

After having deposited the 100nm boron-nitride-carbon film 61 on the p-'
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15 enbodi'ment 3, and has the advantages of being able to achieve the |ow
dielectric constant filmunder the condition that the flow rate of nethane
gas is )decr eased by 25% to inprove an efficiency of up-taking car bon
atons into the deposition film and to control anount of used net hane gas.
In the enmbodi ments 1 to 4, nethane gas was used as the hydrocarbon 20 gas,
but various gases such as ethane gas, acetylene gas can be used.

(Enbodi ment 5) Using a filmform ng apparatus simlar to the one as shown

i n Fi g. typessiliton sutsteate rdretliapor-déposited &l I tHeOb8dr ARtE@ afforRifiane gas
is supplied into the cylindrical container 1 from the introduction part

10. Thebhtmrforovanlelectneieaa @panitahtedoltayd bRaERsktas mdagiréd Uplesh f or the
substrate tenperature, high- frequency power, and the other synthesis

condi t i t9as relafive dielectricg cdestasits edereheval0atey by asing thié dtorryebared i | m 61
on the 12 type silicon substrate and vapor-deposited Au on t he boron
ni tri decapaciance ivale eaf Bostruetwrernfemetalr dirpnaittidpeadrban ciimy opityese

charactefistic | asured. Then, the relative dielectric constants were
eval %@Fo&r qfd ﬁ&nﬁﬂ%k%q%r afythen peron-piffie-rehesefimiGie Asf aaresultutavar e of

uat
e AR T g 22 LB e b ot e o ot e
const ant 2 iiia Me i famfing etera il o e pricas shounin Figd -
emood e P BRI 19 el SR ol BF aenscas¥RE Lo 10
condi appiaa AECIBHAIIARGH TS e i iR D EohBRins. P
oHGL bkt Nt ol UMMETy o oo VEAA BPIAL Wbeli”
temperature, high-frequency power, and the other synthesis conditions. Low
relative dielectric constant values of 2.2 — 2.6 were obtained from the
synthesized boron-nitride-carbon film 61.
| in the embodiment 5, trimethyl boron was used as one of organic
16 materials for supplying carbon atoms, however, any material can be used as
long as it is an organic material containing boron or nitrogen atoms.
Moreover, although nitrogen gas was used to generate nitrogen plasma
in the present embodiment, the same result can be obtained by using ammonia
gas. |
20 An application of the boron chioride carbon film formed by the film
forming method of the present invention to an integrated circuit is explained
referring to Fig.7. In order to make a wiring 502 to be of a multi-layer structure
by highly integrating a transistor 501, it is neCessary to use an interlayer
insulator film 503 having a low dielectric constant between wiring, and the boron
25 chloride carbon film formed by the present film forming method can be used.

Moreover, in the case that an organic thin film and a porous film are used

as an interlayer insulator film 503, mechanical strength, hygroscopic property,
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I'n the enbodi ment 5, trimethyl boron was used as one of organic 15
nateriahs for supplying carbon atoms, however, any material can be used as
long as )it is an organic material containing boron or nitrogen atomns.

Mor eover, al though nitrogen gas was used to generate nitrogen plasma in
the present embodi ment, the sanme result can be obtained by using ammoni a
gas. 20 An application of the boron chloride carbon filmformed by the film
form ng nmethod of the present invention to an integrated circuit Is

expl ai nand soenecamednioopioblsris. Howeregrast shaVekeh Fig8! iHadb &4 dHlofife Of 2
mul ti-layer structure by highly integrating a transistor 501, it Is

necessagarboo filme farmedbyrthayftm forming metiod of thebfRseav inventioh @andiee! ectric

constant between Wi ri n?i, and the boron 25 chloride carbon filmforned by

the predsadt asi protectivel finsreilfodore e loegarsiecthin mecared ,porous ftmeage that an

organic thin filmand a porous filmare used as an interlayer | nsul at or

fi | m sodielastrineenstant lowesigam thatyefrasiogls layer opthe borarBchlodde cadmorcome i nt o
rohl eng. Ho er s shown in Fig.8, the boron chloride carbon filns

p %E , .3 g | ori de

for dn}ﬁ?‘ ?‘Hﬁg & aghieYed Ry thetralessencaof sHek enganimtbint filohaodmpopeus used as
rotectjive fi 04 for, the organic_thin filnms _and porous filnms. A

gi el ectﬁ"fnc "t’lﬂmgﬁ%ﬁWBm&h'Of'ﬁ%rﬁg@aﬂ fim. and an effealive relativaedislactic Cﬂl ori de

car bon [ ieyed . the coal escence of such organic thin

film an%%%@t?%qg{"%%?ggﬁgmﬁﬁg ?@%Wlachl oride clatrjbgn fibl m agd ?ndeer_ct : ve

relativ i i Cggnstant as low as 1.9 cou e obtained. Industria

Appl i calg'gpistﬁ)%?ﬁgb%%a'@?ned above, according to the present invention, the

o s V0 Aoffhned B sckoRIRg U R AGHBN EPRBFRLEVARE" |11
f oril NOmBRIJAAHaREs it oSS 88 FormBBRIN-CarbbA-riR8FEH FIrRY ohE stb&Pate for
semiconductor integrated circuits and so on. ' |
The film forming method of the present invention is comprising the steps
of generating nitrogen plasma in a deposition container, supplying borén
chloride using hydrogen as the carrier gas and a hydrocarbon or an organic

15 material as a raw material source of carbon into the nitrogen plasma, and
making them react with nitrogen so as to form the boron nitride carbon film.
Therefore, the method permits to speedily form the boron-nitride-carbon film,
which is chemically and mechanically stable, and has hygroscopic resistaﬁce,
high thermal conductivity, and a low dielectric constant.

20 Moreover, the film forming apparatus of the present invention is provided
with a nitrogen introduction means, a plasma generation means, a substrate
holding means under the plasma generation means in a cylindrical container.
Moreover, it is provided with means for introducing boron chloride as well as a
hydrocarbon and an organic material as supply sources of carbon between the

25 nitrogen introduction means and the substrate holding means, and makes boron
and carbon atoms react with plasmatic nitrogen, to form the boron-nitride-

carbon film. As a result, the mechanically and chemically stable boron-nitride-

14



of generating nitrogen plasma in a deposition container, suppl yi ng boron
chl ori de using hydrogen as the carrier gas and a hydrocarbon or an organic
15 material as a raw material source of carbon into the nitrogen plasma,
and making themreact with nitrogen so as to formthe boron nitride carbon
film Therefore, the nethod pernmits to speedily formthe ,
boron-nitride-carbon film which is chemically and nechanically stable,
and has hygroscopic resistance, high thermal conductivity, and a | ow

di el ect carbondilmt lating RPgidscepiceresisticd bhdnhigh therthatRbadattistyart Be Present
invention is provided with a nitrogen introduction means, a plasma

gener at fopmedspeedily substrate hol ding means under the plasma generation
means in a Qﬁ%;ndrica[_container. Moreover, it is provided with nmeans for

i ntroduci ng Seremniridecassondiim insaecortatice oditth dine gesemt mvgation
material as supply sources of carbon between the 25 nitrogen i ntroduction
means afRl 5%8@9@@taratr‘éemwmgﬂ@sm@é@rsthlmﬂim aba psotestive filmand car bon at ons
reagt with plasmatic nitrogen, to formthe boron-nitride- carbon film As a
resflt, the mechanically and chenically stable boron-nitride 14 carbon film
havi ng hygroscopi c resistance and high thernal conductivity can be forned
speedi | y. The boron-nitride-carbon filmin accordance with the present
invention can be used as an inter-wiring insulator thin filmor a
protective film 5 15 WHAT IS CLAIMED | §; 1. A filmform ng nethod
conprising the steps of generating plasm in a deposi ti on chanber,
exciting mainly nitrogen atons in the deposition chanber, t hereafter,
maki ng the excited nitrogen atons react w th boron and carbon, and 5
formng a boron-nitride-carbon filmon a substrate.

15



2. Afilmformng nethod conprising the steps of generating plasma in a
deposi t i)on chanmber, exciting mainly nitrogen atons in the deposi tion
chanber,! thereafter, making the excited nitrogen atons react wi th boron
chl oride gas and carbon using hydrogen gas as a carrier, and thereby
forning a boron-carbon- 10 nitrogen filmon a substrate. 3. The film
forming nmethod as claimed in claiml or 2, conprising the step of using
hydr ocar bon _gas for supplying carbon. 4. The filmformi ng nethod as cl ai ned
in clai WHAﬁgszCUklMﬂBilSi ng the step of using an organic material for
suppl yi ng carbon. 15 5. The film form ng net hod as clained in any of the
clains 2 to b A fimderminongetihed somprisingstbetsteps af gehieeatity plaenid i @9en gas
flow rate tq.the boron chloride gas flowrate gas to 0.1 - 10.0. 6. The
fi1m f ofEPoRitioRchambes, exclingmainlyoitipge atarosyin itsé nippositiost eamber, set t i ng
a ratiotof tfjge E¥ r.oc?hrbon, as flowrate to the boron chloride gas flow 20
rate totereafter, giaking thergxcifad pitiogeniatgmseenetwil buran reed ¢arbohaand 4,

co i sing.the ste f. setting a ratio of the organic series material gas
fl g\?é{ra@'q’t“@ gﬁ’é” @'P&O}Hdma&mraﬁ'm@asa substratet e to 0.01 - 5.0. 8. A film
form ng app : rising a first, introduction means for 25 introducing
ni trogen ga?‘%?@nggﬁﬁﬁgsm?&ﬂg ERRROEING tgepﬁtﬁﬁﬁr&f generatindoplagenia af or

gener at L ol (i ans f.or hol ding.a, substrate under or inside
gener at hoodthats Bl oL it BRANT URCom o the dsapeiien Sararetand

car bon I ki ; £1 L £ n nd _t he hol di ng
car bon eretel! A RPNEER I Ibb8h A IhEEHENAT HBFAL pREcelghs o o o

second carmbbhaskiteg NgBroERMN§ab aCatHidlLRd $ardsy iRy 'L H8Rsh-B9MLAR- and

carbon independenfly of each other.
10 nitrogen film on a substrate.

3. The film forming method as claimed in claim 1 or 2, comprising the
step of using hydrocarbon gas for supplying carbon.

4. The film forming method as claimed in claim 1 or 2, comprising the
step of using an organic material for supplying carbon.

15 5. The film forming method as claimed in any of the claims 2 to 4,
comprising the step of setting a ratio of the nitrogen gas flow rate to the boron
chloride gas flow rate gas to 0.1 — 10.0.

8. The film forming method as claimed in claim 3, comprising the step of
setting a ratio of the hydrocarbon gas flow rate to the boron chloride gas flow

20 rateto 0.01 -5.0.

7. The film forming method'as claimed in claim 4, comprising the step of
setting a ratio of the organic series material gas flow rate to the boron chloride
gas flow rate to 0.01 - 5.0.

8. A film forming apparatué comprising a first introduction means for

25 introducing nitrogen gas into a deposition chamber, a plasma generation means
for generating plasma, a holding means for holding a substrate under or inside

the plasma, and a second introduction means for introducing boron and carbon

16



5 10. A filmforning apparatus conprising a first introduction neans for
introduging nitrogen gas into a deposition chanber, the plasna generation
means fdr generating plasma, a holding means for holding a substrate under
or inside plasm, and a second introduction means for introducing bor on
chloride gas and hydrocarbon series gas using hydrogen gas as a carrier
gas into the 10 deposition chamber under the first introduction means. 11.
A filmformng apparatus conprising a first introduction means for

i nt r odutiaterialibetwgen tiyafirst trodudtiopareanang fiwerhldin@nidatsma generati on
means for generating plasma, a holding neans for holding a substrate under

or inside tHelle filn formingdpparansasaciaimexhih cake @) wharsin sald @econd means
for introducing 15 boron chloride and an organic material gas usi ng
hydr ogeltgaictien ameansi ég epnstititad o sphasdépastrodoce chardreranchdearbome fir st
i ntroductj on ans. 12. The filmform ng apparatus as clained in claim1l1l,
mherein"§%?8”3§%@bﬁ63¢¢hﬁﬁﬁ%ction means has on the way a deconposition part
o Soae P oft % 1% G SeBaiaus Semmsias @ B9t fareduasias mangedoso as 1o
be 2bl i ReRly RO O oAt chhe i ibrbardasrefenor”
|00 B B MaS, BRI e e 3 Sl g e
sai d i Nl bREntd, 'dMR 2R bRl Shirdb iR magHL 35/ 1 rofdiulcﬂ\sg' boron chloride
gas and hydrocarbon series gas using hydrogen gas as a carrier gas into the
10 deposition chamber under the first introduction means.
11. A film forming apparatus comprising a first introduction means for
introducing nitrogen gas into a deposition chamber, a plasma generation means
for generating plasma, a holding means for holding a substrate under or inside
the first introduction means, and a second introduction means for introducing
15  boron chloride and an organic material gas using hydrogen gas as a carrier gas
into the deposition chamber under the first introduction means.
12. The film forming apparatus as claimed in claim 11, wherein said
second introduction means has on the way a decomposition part for
decomposing the organic material.
20 13. The film forming apparatus as claimed in claim 12, wherein said
decomposition part is arranged so as to be able to heat the organic material.
14. An insulating film formed by any of the methods as claimed in claim 1
to claim 7. |
156. A semiconductor i.ntegrated circuit having the insulating fim as
25 claimed in claim 14.

16. The semiconductor integrated circuit as claimed in claim 15, wherein

said insulating films are inter-wiring insulating films.
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