;e3ezyvzv(6"TvNT. « SPECI FI CATI ON TI TLE OF THE | NVENTI ON:  METHOD AND
APPARATUS FOR FORM NG FI LM | NSULATI NG FI LM AND SEM CONDUCTOR | NTEGRATED
Cl RCU T BACKGROUND OF THE I NVENTION 5 Field of the Invention The present

invention relates to a nethod and an apparatus for form
boron-carbon-nitrogen film an insulating film and a selmmmwmmmmmlm“m
integrated circuit. Related Art 10 Conventionally, in a sem genguct or
integrated circuit, filnms of SiA2 or SiN formed by the Plasma CVD (Chemi cal
Vapor DRECIFICAYIONt hod have been used as an interlayer insulator thin
films or a protective filmfor wiring. However, with higher integration of
transi stiTeE OReTHE NVENTION: dAETHORNANDC ARRSRATUSFOR| POQRMING i t  has
conme into a problemas a factor of hindrance to speeding up 15 swtching
oper at i GiLM{ INSHATING FILM)AND SEMICONBUCTORANIHGRATED CRGEMESsary to
reduce the dielectric constant of the inter-wiring insulator thin film and
a mat er BACKGROUYND QEWHIE dNVENTIONonst ant is desired as the interlayer
insulating film Under such a situation, organic materials and porous

mat ebi alField of themventieact ed consi derable attention and a very | ow
dielectric constant (relatjve dielectric constant Kis approxinmately 2.5 or
| ess) can beThefresen invaitiondelates thadnelbed andown apparatesiarferning@ poi nt s
of chem cal an&) nmechani ce}l resi stance d thermal conductivity. Moreover,
al t hougROEQR-FAPOPRITOgEN, THMe BB: NSHiatiRg ima andy | sgeniganguctor, ffegmited e n
achieved.recently with a boron-nitride thin film it is known that the film
has a pFHﬁP'gm in hydroscopic resistance. Under the circunstances, a
boron-c%{eggtrel-%_ﬁrogen thin filmwhich is excellent in thermal

resista ; H oscopi c resistance and has a very |low dielectric constant

AT OO HES S ot e 4R BRSBTS o
e ST Pt D! CHEE Vol BeBEEf) DG ysobey ne
Decr Rl ba/dBiajchndiBGPIRIARY ShUNETITIG Wi, MopaR, o ne

bor on- cay; ! bRl ; i j : 10
Chaes TETEEe! (OBRRTEN AR08, g bk ampreiysabisdiokg 10,

i's compidefRd andeit Hs ot irte e priblera 48 aSaBtor 'of hirtiAASE td @peelim@bes , i nly
exciting ni'trogen atons therein, then making the excited nitrogen atons

rea¢d wisitchingosperation f iementsd It order to solv® tisis prebleat)-inis hegessaky | mon a
substrate. 15 The filmform ng method of the present invention is conprised

t he st eps retiucerbe aielegtrizl esmstant of tise deteostiting rinsulatobethin filmhnbpdexci t i ng
nitrogen atons therein, then nmaking the excited nitrogen atons react with
bor on cimaterigiehaisg @shey diglectipeconsiantis desiredrastheyinteriayed insulatingn t he
boron-carbon-nitrogen filmon a substrate. 20 To supply carbon, it is
preferafife. t o use hydrocarbon gas. Using hydrocarbon has a new advant age of
being able to sinplify a gas, supply system Moreover, it is also preferable

to use an or YRARE Swehedi sifuation. 1arganicpipaterials @dopRrouss Maferials Bavaini c
gﬁ; : glgttiégctg 2é e rripﬁﬁg _aitttr;n{igr(\j1 tanad %averyOroml? Oéigfécﬁpcd cgints{a?\?e(?elgﬁ\?e be
dielectric constant « is approximately 2.5 or less) can be realized, however, 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
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25 As an organic nmaterial, for exanple, an organic conpound or the |ike
containing trinmethylboron or nitrogen is preferably used. Especially,
trimethyl boron 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 ocarbon 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 0.1 -
0.5. A fexorllemtin therinal absigtariel hydvdstopid résistahee Pa@mashkotedeldw@s is
preferably set to 0.01 - 5.0. Mrre preferably, it is 0.1 - 2.0, and it is
further digleteicaddrestant bttradtsl conBiderablé dttentibnl HdwevErngheFvar firtfingf t he
present invention is conprised of a first introduction nmeans for
i nt r odudeéchmioue bygreans of it Plasma G\D snethod kdsanblebeer estatdisheggeer at i on
means for generating plasma, a holding neans for hol ding a substrate under
or insi ét present) andrit isaesiredstocreatize at filodiocming metbod peomittimg toderod ng bor on
and carbon material between the first introduction nmeans and 15 the hol di ng
mean8. Thebeetberrbontnitiagen thin filr assa pooduckf er abl y constituted so as to be
able to intrgduce boron and carbon independent|ly of each other. O course,
the means mayheePresaBt inventignohassinggnemadgi ing view of thet aferementieredbf bor on
iing them i ndependently. 20 The film

and carbgon j.s introduced w thout. supplyi

form ng Saﬁﬁ%eram@r @'ﬁ RYBOSS E?ﬁ'm/ﬁgﬁwﬁ/ il Providenihe; eyfosmindg,methed ¢

i ntroduct.i og_t.rregnigj or | ntrodugi ng.nitrogen gas i :}to {he,deposi tion
chamber PEIRENG 1Q form a.boran-eabapAvtroges) Tl Apd the fim,foraiRg apRaratés di ng
nmeans fgrﬁ hﬁ)l di ng the substrate under or inside the plasma, and the second
i ntroduct§'6P means for introduci ng boron chloride and hydrocarbon gases

usi h Ler gas into the deposition chanber under
thel??i r@@%ﬁ@:’??g‘f@gﬁ@ﬂ%e filmformng apparatus of the present
invention is i : j i i f j oduci ng
ni trogen gasTﬁ‘%F{l)H1 t@gﬂﬁgpgltseiﬁﬁdgﬁf E:méahgéesre bpiiv%qgﬁés'%ogﬁﬁfeg?gttﬁ%ngt%%ns for
generati . i S | Gl s ; ﬁgrp iger or

i nsi de toﬁgeglbgag@, ?%‘%ﬁ‘*ﬁeésﬁggﬂ%nﬁp ?J%?ingér{nﬁ'eééﬁgt"?%lﬁﬁfé roaum ng boron
chl ori dengreth, QpERTEKIAG tRE | eXcitedShifoder BtorRs MESEIORAR HERSN AP cadoh! €r 9as
into the deposition chanmber under the first introduction neans. The

af or enendas ¢6rns 8LVIEN Ak GEnitidgen fMadIPaistbBfrafecr red to have a _
deconposition part on its halfway for deconposing the organic material, and

it 5 preferThd filhdormingmetitsdpbiid prasentiiivention tis dohiprisedtheatep® be able
to heat 10 the organic material. BRI EF DESCRI PTION OF THE DRAWNGS Fig.1 is
a sect i ofigengratinggiasmadn tthe depbsitibo chiambeapmairdy egciting 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,

trimethylboron is preferred.



accordance with the-enboedi nrent 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 flowrate ratio of nethane
gas to boron chloride gas. Fig.4 is a sectional view showing the film
form ng apparatus in accordance with the enbodi nent 2 of the present
invention. 20 Fig.S is a sectional view showing the filmform ng apparat us

i n accordanca fiw fatehatiesretirodst gas & bblth BHIBRES igasy¥ PréfePablyFeltd s a

sectional view showing the filmform ng apparatus 1n accordance with the

enmbodi M@t —4000. Mbee prefeeably, iitng @7 N0, dhd it is figrtifergsrefarabledotet jpanal  vi ew
of the integrated circuit using the 25 boron-nitride-carbon filmformed by

the film3.orming nethod relating to an enbodi nent of the present invention.
Fig.8 is a schematic sectional view of the integrated circuit using the 4
bor on- ni t ri dA-ftaw lrate fationof bydnedatbort pas to Ibordro chianiglengas il prefeedhiiyng t o an
enbodi ment of the present invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBCDI VERItq @08 odb 0 More)preferabfy it iss0.4 -s2ieandiitisfudbenpreferabesoe t he fil m
form ng apparatus for enbodying the filmform ng method according to the
first efbdik®nt of the present invention. An inductively coupled plasna

generation part 2 is provided in a cylindrical container 1, and is
connect ed t oPaflaWgrater datir rRfy OfgARe alaTtad gas/ite Rorn hioridengns: 4% us 3.

The hi gh-fyequenc ower squrce 4 is able to 1 upply high-frequency power
of 1 kV\P—re{ffﬁ(wV tﬁegﬁgfdl-\ﬁau‘é%c@ @%Pfef%ﬁtﬁbg@rﬁs g)ai‘lgd/e@f‘ ﬂtdhf&ﬂgpfrogen
gas introc#ucti on ﬁar 5, %O generate plasma 50. A substrate 60 is placed on
a subst PREETFRIE & Sct);l;ll‘—to' + and a heater 7 is nounted in the substrate 60.

Lomiratur o 3pE i 4baingshbierdh8 ot tng st ilentp i SolHeBaldrathias Con be
A L R e S e LR o e

| ntr Od“‘des‘?l’ih ﬁégéra%oh%eéﬁé f&g#&ieﬁgt#@eférg 'aoﬁcj)lgﬁggrﬁ%ﬂg for ﬂcﬁ{]ﬂg@ré de)l J2s

usi ng hydroge as as a carri he cy rrcal con ner S

pr gvggﬁt@,gm@eipn%@ bP itk MePAmED i o' Sdedti fitRSuULEh OfgaRETopas | Nt 0
introducing boron and carbon material between the first introduction means and

156  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 mixture 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




20 exhaust part 11 is nounted under the 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 nitrogen gas to boron chloride to 0.1 10.0,
the flowrate ratio of hydrocarbon 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, the
inside of the container is vacuuned to 1 x 10-6 Torr. The substrate

t enper afjpst wrcsdm;gbntrﬁemwgﬁm&aglﬁh%@ﬁfq]ﬁintdltﬁer QSIS chadmbat, " oduced
into the cylindrical 5 cont ai ner t hrough the introduction part 5.

Pl asma e iptaspeda Qjetiepstidty nsedhy Yorngerméraiting 'pRastAAC Yhee Intding cmBaWS for
(13.56MHz) of 1 kw. Followi ng this, boron chloride is transported into the
cont ai naplding\theh sbipstrateeundsrsorainsidectheaplasma, @al. therseodtidt infrdductidrnane gas
is supplied into the container 1. Synthesis 5 of a boron-nitride-carbon

fil m 61meanserféorintddiicing hboromtchloride larwhosrgagins matesialirgases adjingsted to
0.6 Torr. The boron chloride and the nmethane gases are not nmade into plasna
but @r ehydeogepogas as/ anicarrigyegasplintonthe depositiont ehdroben uadengherfirstar bon
atonms to be made to react with nitrogen atons and to synthesize theminto

t he bor énrasiuctioeeansbon film 61. Chlorine is conbined with 10 hydrogen
atonms into hydrogen chloride, and thereby up-taking of the chlorine atons
into the filhhe Plepmentianed. segand intepdustioriapeans dsi psefepmdnto have a

boron-nitride-carbon film61 on the ptype silicon substrate 60 and

vapor - ddgeempesitian Rt pnétsb%algrvaﬁqrrffq;%%mmthq Praamic matedalyapd it

el ectrode capaci tance-vol tage characteristic, IS nmeasure 5.Then, the
Cetat i v Bele el dfat B Sedamboatid VbR Srudii 53 AR He 2Bl I Eah: ca

capagci t ance val ue ?ffé structure of netal, boron-nitride-carbon film
p-type § PEFNGIES R ¢ hi ckness of the boron-nitride-carbon film6l. As a

Fro. 2 AR PuSERIETION & THIECREWANES {ane on whi ch the boronni r dez0
bon fil : [ ' L : 22 b
bt ained. 7 G021 s, LRl TR sHORRI e Fin® $pAfing, Appatatisc i °°

ni {1 0g°Bc8ARIah0e IR EihBO ARG preldiiniRribRl ectric constants when a

flow rate ratio of nethane gas an n chloride 1s nmade to 0.1. Fig.3

shows a rel aFig‘?Z’ﬂﬁbWs RABKRISristic dutves 8f & relile didledtRt EBRStMR to ATéWPO ON

chloride when™a flow rate ratio of 25 nitrogen gas to boron chloride is
mades t OrdteFatid bﬁnnmg@ﬁ_qﬁs folor8aThidriee gadf. € ratios, in which the
boron-nitride-carbon film®61 having the low relative dielectric constants
can be obt ai RigtB seaws leharasieristicdarrvéy of arglatige dittestribSohstant o a flow
tenperature. (Enbodinent 2) Fig.4 is a schematic side view showing the film
f or m ng ratppatiabtimdtbane gas dy borort tidofidé gas.or m ng nmet hod according to the
second enbodi nent of the 5 present invention. An inductively coupled plasna
gener ati on phigi4 2isi | psestionatl viewa shpwingir thealfilodomningr appasatdsi i
connected to a high-frequency power source 4 via a matching apparatus 3.
The hi glaceerdgnee withibgembedimant 2 ofshe presant inM@mYPY. t he hi gh- f requency
power of 1 kW-_10kW N trogen gas is fed froma nitrogen gas .introduction
par205, to gE8ed alse 3| sRGHRNSD. viaws shawing etheo fil formingc appamtiSsibst r at e

{ erper aGeudgNCe AL BeETRREUMER 341 the egrertiMNaRIO ange 1 rom a T oom
B A el Ll i F

i nt rodE%‘Fg%@%Bgét‘mq%h?émqﬁ%Heﬁﬁo@gh?i%g%%zsweféobs Brovi ded so that boron
Ced ] ust T Fioh(s o SEnamegr; htioHa| Oparef e RSt oroft valid e % Mon

oo 5! BSTYPARSHA Y ervlt o716k, o e g co

contai ner uced into C cont ai ner 1.

A gas exhubtimBAt &f the dréséntial@ffbrunder the 20 substrate holding part 6. As
to a flowrate range of each gas supply, the systemis arranged so as to be

able to set Fjeg fis QvscRbmatit dattidhanvidwp @E theaiptdgiatear eincuituirgdehd 0 0.1
10.0, the flowrate ratio of hydrocarbon 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 hol ding part 6,
and the inside of the container is vacuunmed to 1 x 10-6 Torr. The substrate
tenperature is set to 300 degrees C. Thereafter, nitrogen gas is introduced
into 7 the cylindrical container 1 through the introduction part 5.
Plasma 50 is generated by supplying high-frequency el ectric power
(13.56MHz) of 1 kw. Following this, boron chloride is transported just in
front of the container 1 with hydrogen gas as the carrier gas. Mthane gas

i's al sobbpsh-hitsde-cardonofitm oforinéd Excmet ﬂinﬁl_efbrrﬁin%n%é}ﬁbenré[éﬁr@ itglearind
met hane gas are introduced in to the container with the lines of both

gases uenmdimépthohibe preséntinbexition. ni tri decarbon film 61 is perforned in
the container 1 whose gas pressure adjusted to 0.6 Torr. The boron chloride
and t he DETAILE® DESCRIPTION OFCTHE PREFERRED BMBODIMENTeconposed by
nitrogen plasma to produce boron atons and carbon 10 atons to be nade to
react wi(Embodimentet) at ons and to synthesize theminto the boron nitride
carbon 61. Chlorine is conbined with hydrogen atons into hydrogen chloride,
and ®hereby big-1dxiangchematie side oiew shawing thetfiimt fosming apparatostfool | ed.
After having deposited the 100nm boron-nitride-carbon film®6l on the p 15

type si emiwdlyingthe filre formingametined agepising éel the fisst embodiment af the de

carbon film®61 to form an el ectrode, a capacitance-voltage characteristic

i s nmeas@Fesent im@Entione Ancinductively ceviled, plasmargangarationprd 2ispravided by usi ng

the storage area capaci.tance value of a ttruct,uhg of netal,

bor on- nifl A AADAGeAI GoMHAINgS Tparg iscomecled te Adishdraaveney dowesrsaures

const ané V8l SSRGS, beaatis deT5e Bl siienth FRET FOHCS: 4 1% RERR hod f or

i nt yoducj |d d di t .t hi

erbofh noHpPY BB deleck ot of YRAP =2 0K HGRTBACRERY Poveatn NSO i nea.
Enbodi . e ' : . : . £i .

Sppar at GSris fed fiok nfirddenody tHRhIchoR et 1 B3 BB MIBhbe B30 A T
thod e . Con. : .

gener at Sapstate STISTHBEET bn I YGRAD holling perCh. 4] ¥ RRHG: Tk PRI, |

connect W%Heosu.?osli'ria@é‘ﬁbf?ﬁéﬁ ePAURS oftPd st straid Gol%aﬁﬁiegg%]tﬂﬁ tREPAAGY U 3.

The hi gh-frequency power source 4 is able to supply i gh-Treduency
pover OffroHHVrooﬁplpré\HJrQQ%gomde@ré@'CftFPme%ébtéf PIRfOréGver! Atiggluct i on

part 5, to generate plasma A substrate 60 is
15 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 trichloride) 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 chloride 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



5 placed on a substrate.-holding part 6, and a heater 7 is nounted in the
substrate 60. The tenperature of the substrate 60 can be set in the range
froma roomtenperature up to 500 degrees C by the heater. Mreover, 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 the
i ntroduction part 10 9 for introducing boron chloride using hydrogen gas as
the carrier. A deconposition part 310 for deconposi ng hydrocarbon gas is
provi dedohtsitier M fthwighothd hiptrerlictivh ipe 5:oPlaimer 50 8 gbRerdiygr pgar bon
gas introduction part 10. The gas exhaust part 11 is nounted under’ the
subst r atsepplyirdj highefrequéncyreldotriar powaw ﬁﬂ@tﬁSMHﬂp@f ofkwe acFol¥ing 4Rl y, the
apparatus Is arranged so 15 as to be able to set the flowrate ratio of
ni t r ogerbogars chiorider ésntransporitekt into thel codfairier 1 hwith Ihydragere gasta tiod
hydr ocar bon gas to boron chloride to 0.01 - 5.0, and the flowrate ratio of
hydr ogecagrier gas. twaddition| meathane gas .i©Suppledintdtte pentapersi. ISyntimesisibst r at e
60 is placed on the substrate holding part 6, and the inside of the
cont @i n&f a dolerrniiridercatbon film B % isTperformead iaubet centained t avheseagas e i s set
to 300 degrees C. Thereafter nitrogen gas is introduced into the
cyl i ndr iPEg8sUEe i adisstedito BEolarh The:boion ehloride and tae mathare geses 8ee | s
gener at ed R% ﬁ;p Iyieg higﬁ-frequency power (13.56MHz) of 1 kw. Fol |l ow ng
this, b&CbANAE dntogrlaSma Pyh A58 dePMRASed; Ry nikagen plasmayvio; gengi@iegen gas
as i,s thermal ly deco sed at the

g? tﬂggo :Eé’?]g{%ﬂgéaglc%qgg :%t!)clffﬁg gﬁﬁgggggﬁéﬁ?‘grﬁ' BEqug@ ?tﬁmf g;ﬁ‘g teo Bt ai ner
i | |t6mr 61 SalngEizedhratin, **?%%@E?@ﬁﬁﬁf%ﬂﬁ@é%13&3?13?@% %@&'ﬂb@egﬁéﬂﬁgi ed to
et A e Pydtooep AtaRRE it R4, BRR e Snd: el B hg o e alFiAd |

deconpo&iz%ngynteithé(ﬁgﬁﬁg %ﬁﬁ&ped and the boron atons and the carbon atons
7 .

obt ai ne the "deconposition are made to react with nitrogen atons to

synthesi ze { Aggy ihamgiidéaﬁsyigq) g GBrieh ' B0 2itRAE- oo A 6% e’ pIP! Ned

w th hydrogen atons rnto chl ori ereby up- I'ng of the

chl ori neygd giBoh Hubstrae Bb'éﬁdi r%hageﬁaé.% i@e-A&farﬁfh{stus nﬂ@&@%’afr@& t he

100nm boron-nitride-carbon fi 1 on the ptype silicon substrate and

vapor - d¢ipAB 1t ROfofth &R diédtrddd, ANcapdditafite KBRS chialdbtdistllist ebSlirddan
el ectrode, a capacitance-voltage characteristic is nmeasured. Then, the

rel a5i vahenetrecialativecdieiictid Songtastsavarelatehtey bysigiag the siirageagesr ea
capaci tance value of a structure of netal, boron-nitride-carbon film

p-type sapacitancendalulee of la Gtretirecdf nfetah osaronmifridedearben bfilm,f pltypebl. As a
result, lowrelative dielectric constant values of 2.2 - 2.6 were obtained.
15 | n asiiconand the thiekresisoofi thenbor@n-riittide-caabon rfilmf 6 1.heAs ial reshitty lawg a
characteristic simlar to that of a low dielectric constant boron chloride
car bon felative dielectde constant valuies of 2eht 216 wete ebtainedrent 2 can be achi eved.
Further, the_enbodi nent 3 has the advantages of being able to achieve the

| ow di el ect r Fig9-28ndtRias shawthmawthesis copaitionssm whm% thedarpawitiidee of

el 98 ne cg%sorwi 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 flow rate ratio of

25 nitrogen gas to boron chloride 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




20 decreased by about 20% to inprove an efficiency of up-taking carbon
atons into the deposition film and to control anount of used nethane gas.
(Enmbodinent 4) Fig.6 is a schematic side view showing the filmformng
apparatus for enbodying the filmform ng nethod according to the fourth
enbodi ment of the 25 present invention. An inductively coupled plasna
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 hi ghermpefsterecy power source 4 is able to 10 supply the high-frequency
power of 1 kW- 10kW N trogen gas is fed froma nitrogen gas introduction
part 5, (Emigsdiment2)pl asma 50. A substrate 60 is placed on a substrate
hol ding part 6, and a heater 7 is arranged in the substrate 60. The
t enper at ur e big.4 lie¢ sssbematie side wiew [shosvng ithe tfie formirey fapparatus fom 5
tenperature up to 500 degrees C by the heater. Mreover, a bias can be
appl i ed embadyingsthesfilmafosmity piedlbed according touthetsexpaderhbodimendiof thee by a
bi as_applying part 8. The cylindrical container 1 is provided with the
i nt rddupressnt pavantion; &n inductialy icaypledrplasmial geneatation pag 2ysiprayidedjas as a
carrier. A deconposition part 410 for deconposi n%l hydr ocarbon gas is
ar r angedn puindical sontajner o anghdés egnnemded tap Rishteadwency pewers@uRsRir ocar bon
gas introduction Rart 10. The_gas exhaust part 11 is arranged under the

o

subst r atteVIAdR AAGhGr apraratus 8o Taer highrfrequencymawelt siyes 4as abliry, the
E?E?‘LS&‘@@@@ s @Bﬂ%ﬂeoﬁ%n%ﬁiéév%rﬁoé?kﬁl%?@wh&&?qé%f‘”&a% Z‘i Sa§ ?Eérﬁfa"f
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mounted wth a coil 1s supplied with the high-treque of 100Wfrom

a hi gh- fab?wsynm?mfe &ylinidfieardehtaiher 168proviied autnan infpédlttion papar at us

411, and the nethane 25 gas is deconposed by electric discharges and

suppbi e@9i e tikgodwdtion pakt RO iprovided néd otaE thardn pakiloride. gdéearths
pressure in the container 1 is adjusted to 0.6 Torr, to performsynthesis
of a bohgdrotarbord gas arsivan hivditogeflgasThe thercarrierlgas afd ted jst irs froat ofxci t ed
into plasma but deconposed by nitrogen plasma, to supply boron atons. These
bor on atheveylindsicBbeontaines Iswithoutdaeiby miked,dbeo motls lines areunited lahthe gas, and
nitrogen atonms are nmade to react with each other, to synthesize the

bor on- nintradustieamsshinte the gylindrical cantainere! apdath\haseszareyintregueedt ons
into hydrogen chloride, and up-taking chlorine atons into the filmcan be
cont r ol i@ tharevdindricali saptaiagbdi t AdgasexhaustrRdrbidnisnarangrd YadBo e i | m 61

on ep e silicon substrate and vapor-deposited Au on the boron nitride
caré&n ﬁp%ﬁ?%tﬁ%d'ﬂemrbgr el ectrode, a capacitance-voltage characteristic

is measured. T en,f 10 tthe rel atfi vehdi el ect rli cthconSE ants were gval uat ed by
usi ng t he st B g& 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



cépaci tance value of a structure of netal, boron-nitride-carbon film
p-type silicon, and the thickness of the boron-nitride-carbon film®6l. As a
result, lowrelative dielectric constant values of 2.2 - 2.6 were obtained.
Thi s enbodi mrent 4 has denonstrated an effect simlar to that of the 15
enbodi mrent 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 decreased by 25% to inprove an efficiency of up-taking carbon atons
i nto t henglegytinblficln cohiaMerand thirougR Nthed lintfodudlionOpars 8d PRERRNSFS. | n the
enbodi ments 1 to 4, nmethane gas was used as the hydrocarbon 20 gas, but
var i ous genersted Usy suppifingnisigbdfequeney yéledricd pawern(13e568MPI2) d¢fEnkedi ment 5)
Using a filmformng apparatus simlar to the one as shown in Fig.1l used in
t he enbéailowing thjs, thcror tdhjdridecisararisperteddust innfedritesfethgacontaineu ppitred i nt o
the cylindrical container 1 fromthe introduction part 10. The same

condi t i bydragen2gaa@s| thedcamier igase kethane igaslisaalsouedduétoin fromt sfitis r at e
tenperature, high frequency power, and the other synthesis conditions.

Af t ed h@ontayweuegoamd gepronechlodden ang enethanei gas @ie biotrotiuced dn tonthéhe p 12
type silicon substrate and vapor-deposited Au on the boron nitride carbon
fil m 61 coptairgini withethe dines of Botbgrsss: united. \Bynthgsis cofaa hareninitride- i s
measured. Then, the relative dielectric constants were eval uated by using
the stocatonafilen6ddpperiosmed ivdhecoptainers! whasergaspressuse adjusted to
boron-nitride-carbon fil .p-type, 5 silicon, and the thickness of the
boron-nioté iLI-BH- EORRION; ¢ %‘g"f aﬁg the methane gasare-nak excited; iBfe.plasma const ant
values of , 2.2 - 2.6 were obtained., Using the filmform ng apparatus simlar
Lo the GHLETEJechRRGSF by DHPASPIaSE ToHPERUCE RSN RS 8N $21000 1| et hy|
bor [ f han S. i lied into,the cylindrical.container 1
Fr o natarhs Yo B MRHA 1 TpRaSWI otUer 0ats et e Sy tesE bER nfabE' [he
enbodi : 4 e. . re, _high-{frequency
pover BRI Ut s e Caorist EaRabiRbE AT Yool sl S Conet ant
val ues - Q,li)érg } [ - Nkt r i de- carbon
film 61%?%%??&@%@%%"?%@“ , b?ﬁ&r@‘ﬁﬁ Bﬂ@%ﬁﬁ\&/ﬂgé uaété@sg@fcg?]heéqgﬁﬁ (')érjgani c 15

mat er i aleynfrgliedUPp! yi ng carbon atoms, however, any material can be used as
long as 1t 1's an organic material containing boron or nitrogen atons.

Mor eover, al Aﬁéﬂﬁﬁviﬂ?tdéﬂﬁﬁteeatﬁe‘”mn%B@rdrﬂn&‘i’d@&é&ﬁm“filh{ 895sh Meapma in the
present enbodi nent, The sanme result can be obtained by using ammni a gas.
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 metal, 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 chloride 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



20 An application of the boron chloride carbon filmformed by the film
formng nethod 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

mul ti-layer structure by highly integrating a transistor 501, it is
necessary to use an interlayer insulator film503 having a | ow dielectric
constant between wiring, and the boron 25 chloride carbon filmfornmed by
the present filmform ng nmethod can be used. Moreover, in the case that an

or gani cid Bicylihdridal RoAtaANIO1 Oatd {9 tohriicted &5 E Hgh-AequBhey lpawet solifdd at or
filmb503, nméchanical strength, hygroscopic property, 13 and so on cone

i nto prabjigrs métbhm?eéppaﬁt@m/\ﬂhérhiljhijmdauehb? gowernssurter4 e abry fwon fil s
formed by the filmform ng method of the present invention can be used as

pr ot ect suppllyitheehighdrelqaenty powey aofi kW hi OkW. miitrogepgastis féd Ifram aA
dielectric constant | ower than that of a single |layer of the boron chloride
car bon hitfagem gasilintraductioni paddd,bto geperatel plasraacs0.of Assudistateg B4 és t hi n
filmand porous film and the boron chloride carbon film and an effective
rel d i velagedarca substrateshaldingaart 6yand aheaterol isdimioaintest ini thedsubistrdtest ri al
Applicability As expl ai ned above) according to the present invention, the
pl asma 80DThe tempesatureiof dhe supstiatenb@ cap ey sat othen rangebiarmptrioegen fil ns
on a substrate for sem_conductor int egrat ed circuits and so on. The film

for m nglameeighsr UPHE §9@s@?ﬂreﬁﬁ\d/@n|?!( 3he | heateipMossaugr: Rebiasegan dre
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a substrate holdi g neans under e plasnma gener ?IOI’] nmeans 1I'n a

cyl i ndr Lrﬁ%' Oéﬁh%iu@fp?ﬂ'\fqrig(?ﬁ?umteﬂhnhér ﬂf@é’ﬁi‘fﬁét%ﬂ?iiﬁ@ﬁéﬁ g.or introducing

boron ¢ rmde as well as a ocarbon and an organic terial as supply

sour ces of cAS kg RSk YERNENIR GHedth! A0SIAI! hecpdaRsTB A arted e

substrate hol di ng neans, a makes boron and carbon atons react with

pl asmat g thide alsieto e tieflowirate Rsticoof mitrbgén gastbWordn Iclorite @ 0.@sul t) the
mechani cally and chem cally stable boron-nitride 14 carbon fil m having

hygr oscdpi@; the flow @ite eatidn 8f Aydrochibngas fobotett chlbtide €@ 0.e—500, Nt
speedily. The boron-nitride-carbon filmin accordance with the present
i nvent i ¢he fiow rate ratiedfdydesgemgas toborongchioridd tat @O5t-h50.fil mor a
protective film 5 15
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 heater 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,



WHAT IS CLAIMED 1 S; 1. Afilmform ng nmethod conprising the steps of
generating plasma in a deposition chanber, exciting nmainly nitrogen atons
in the deposition chanber, thereafter, making the excited nitrogen atons
react with boron and carbon, and 5 form ng a boron-nitride-carbon filmon a
substrate. 2. Afilmform ng nethod conprising the steps of generating

pl asma in a deposition chanber, exciting mainly nitrogen atons in the
deposition chanber, thereafter, naking the excited nitrogen atons react

wi t h borGarbohl atoindeaasuppiiédc By thermaliydedordpesing tﬁé&néﬂwaﬁhecgéé,i ghd _and
thereby form ng a boron-carbon 10 nitrogen filmon a substrale. 3. The film

f or mi ng thetbosoh achlaride isedot excited intd plasa utnier dedomgpddert By afitrégenisi ng

hydr ocarbon gas for supplying carbon. 4. The filmform ng nethod as cl ai ned
i n cl ai plasnsa, Bndcdher bsrory atemsstama dheusarkpraratonrgarobtaimetie byalthd or
supplying carbon. 15 5. The filmform ng nethod as clainmed in any of the

cl ai s Zecempositionparesmaget toereack withr nitregen rajomsr tat synthésizedheirt inbgen gas
flowrate to the boron chloride gas flowrate gas to 0.1 -10.0. 6. The film
f or nP ng th tesen Litrigeacarbani 61.cChiating, isceampbinsidnyith heydrogen citomst integ a
ratio of the hydrocarbon gas flowrate to the boron chloride gas flow 20
rate to hydpgen ehlgride, anqi.ghwiebm yrstaking, ofrthersllosive atameeinto the: film ris 4,
conprisinﬂ the step of setting a ratio of the organic series material gas

f1 ow rat@M8l€%he boron chioride gas flowrate to 0.01 - 5.0. 8. A film

T “E0ARh Do ARt et POSEABRAR o s B e !
type silicon substrate and vapor-deposited Au on the boron nitride carbon film

10 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 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 fim 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

10



for generating plasma, a holding neans for holding a substrate under or

I nside the plasnma, and a second introduction neans for introducing boron
and carbon 16 material between the first introduction neans and the
hol di ng means. 9. The filmform ng apparatus as clainmed in claima8, wherein
sai d second introduction neans is constituted so as to introduce boron and
carbon i ndependently of each other. 5 10. A filmform ng apparatus
conprising a first introduction neans for introducing nitrogen gas into a

deposi t isapplyhtaetisigh-ftdutiepcp poweresfet kWi -or ORBANNifrogeg jaer istfedfrathas ma, a
hol di ng nmeans for holding a substrate under or inside plasma, and a second
i nt r oducitragenngas sntrodudticir pdrtcSntp igenerate fplasmae5@.asAasubsisate BRiidon
series gas using h%dro gen gas as a carrier gas into the 10 deposition
chanber piangdron asubstrate holdingdeart 6oandraheateril is arranged frothei subsiiatear at us
conprising_a first introduction means for introducing nitrogen gas into a
deposi t B8n ToRdepIerature aidhe sybstiate 66 cancbmset & thprange frem pleom, a
hol di ng . nmeans .f or ho| dIB a substrate er or jinside the first

i nt radudeNBRrAtwenepP ona ﬁ degrsRa by dﬁﬁ gaiar. fMrROvES: & RiasogaRi bRy 15

gas 1 nt PRI 3@3@%.%@&&8%?5@3@'%%&” Ftne) Sopstasholiingater BV ahids “15' ' The
|t rodacPPUEBERE TR &7 h@é'v%téfﬂafchaw&w%%@etb?b? EABEIL ng t he
or gani anq’BFri'(r]:ﬂJodugﬂ 1?borgnec]i1{orlﬁ1ef Qfsmﬁghe@ﬂggé 5?86‘%80' lg&ﬂgf h laim 12,

wherei n sard deco on part rs arr t the
o 9o BB o M 0 i RARERG bod Y ol 8 7
having fFlont b e aylintiichl tBh@ner 1 of the hydrocarbon gas mtroduction part 10.
The gas exhaust part 11 is arranged under the substrate holding part 6.
As to a flow rate 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 gas to boron chloride to 0.01 - 5.0, and
16 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 introduced 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-frequency 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



25 clainmed in claim14. . 16. The sem conductor integrated circuit as clai ned
in claim15, wherein said insulating filns are inter-wiring insulating
films. 17 .ASI. Al % A@Q AQA @A .Al@A @A @As. Al, . A A r.A ,r.AH Alr. ASNRS+
16BK>
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silicon, and the thickness of the boron-nitride-carbon fiim 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-

12
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10zY=10% & ()-! $#109&' ()-!t $#10%& ()- $#10% P& ()-! y$#10%& () - L#10%& () - pY%
% %8&$( typedBficon substrate and vapor-deposited Au on the boron nitride carbon film
10z! t #10%&' () - ! ~#10%&' () -! ~#10%& () -3, @10%& ()-!3, @10%KKE ()- 10z
10zy) * G61rtodem anrelectkiie, Dcdiarithbge-voltage characteristic is measured. Then,
10gY=10%g& ()-!tF. #109& ()- ! pF. #109& ()- ! ##10%g& ()- !t #109%& ()-r--t.//, 1
wl| Z; VBthel Uelative Odigleatinc canstarts werer evalyated byxusivigrtiie -storagelatem&’ () - 6
@109 ()-Wl2 444444-6zodY: 10 1@! 10%& ()- 10g 10g
10gY>10%gRa¢iiancesyalpegof Ja istpetuero] ynetgwlmgmr@pcaw@m 7igpBspitybe 10
5 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.
Using the film forming apparatus similar to the ones as shown in Fig.4 - 6
used in the embodiments 2 to 4, trimethyl boron instead of methane gas is
supplied into the cylindrical container 1 from the introduction part 10. The same

10 conditions as applied to the embodiments 2 to 4 are used for the substrate
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 chloride 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,

13
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TJULU |Imn,1\van9 the B chiorias Ssrboh hl%no,o/g% dn effective relative dielectric
constant as low as 1.9 could be obtained.
Industrial Applicability

As explained above, according to the present invention, the plasma CVD

10 method makes it possible to form boron-carbon-nitrogen films on a substrate 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 boron
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 resistance,
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-
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can be used as an inter-wiring insulator thin film or a protective film.
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Bxxxxx>yla,pqgtmq:cgaﬂm exciting mainly nitrogen atoms in the deposition chamber,

thereafter, making the excited nitrogen atoms react with boron and carbon, and
5 forming a boron-nitride-carbon film on a substrate.

2. A film forming method comprising the steps of generating plasma in a
deposition chamber, exciting mainly nitrogen atoms in the deposition chamber,
thereafter, making the excited nitrogen atoms react with boron chloride gas and
carbon using hydrogen gas as a carrier, and thereby forming a boron-carbon-

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.

6. 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 rateto0.01-5.0.

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 apparatus 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
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introduction means is constituted so as to introduce boron and carbon
independently of each other.

5 10. A film forming apparatus comprising a first introduction means for
introducing nitrogen gas into a deposition chamber, the plasma generation
means for generating plasma, a holding means for holding a substrate under or
inside plasma, and a second introduction means for introducing 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.

15. A semiconductor integrated circuit having the insulating film 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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